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G = (V, E)
1�/.A�/�BC8r;�A�/FV���T>P.A

V = {v1, v2, . . . , vn}
P.AL8�,4T�B�AE8>/e,)X�Y
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A(G)
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{
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{vi, vj} ∈ E
0
/.8�8>/.A�3C`

§ BCT¨/.8�T�A�/U,�A�T�3�=DP.A
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B = A2
3�=@;JP.5:5�BCAZ/�7�7

bij =

n
∑

i=1

aikakj

,4X�Y
aikakj = 1

,�-0,4X�Y�BC8�T>/.3^7},�-¶T�BC7bª>8�8�3�BC8�?F/.8J7bV[A�=.8�8�,4T
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j
,4X�Y
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§ BCTDY�O�P.5�<�/21N9�8�T�6�?J7�9:,�8N?F/.8D-K/.8U6�7�/.8U<�A�,�R�5�B�-³149�3�/@V[]�5·O�/.8�T�B�;.B�8�BCA�/.5:9�3�BCA�9:8�;�¸
¹ ��¢�¤�º¼»G½.¾

A ¿FÀ.ÁEÀkÂ.ÁEÀ.Ã>Ã>ÄLÀ ¾ ÁÆÅ�Ç�È�Ã ¾ ÅWÉWÉ¡È�ÃUÂ.ÁEÀEÊ G ËÌ ½ ÂJÍ.ÉWÉ�È�Á�À ¾h¾ È�É�È�ÄMÈ�Ã ¾ (i, j)
Å Ak Â4È�ÁoÀ.Ã ¾ À.É�È ¾ ¿FÍ�ÂJÀ.ÁoÀ.¿SÉÎÍ.Ã4ÂJÏ k ÊÆÁ ½ Ã�Ã�Ð�Ï i

¾ ÅWÉWÉ�Ã�Ð�Ï j Ë
+),.-0B�8�T�9�AEB�?J7ZV[]�5·OET�7�9�5:5�T�B�7�7�/L3�=@Vh=�AZ-M/.8
¹ ��¢�¤KÑ ÌSÈ ¾�Ò Ã>Ã�ÇLÈ�Ã¨¿FÍ�Â�ÄMÈ�ÉWÉÎÀ.Ã�Ã�Ð�Ï i Ð�Ó�ÔgÃ�Ð�Ï j ÐFÄÕÐ�Ó�Ô_È�ÃmÏJÀFÇ ¾ ÐFÄ¯Ï4È ¾ Ê2ÖFÁ
Ã ½ Â4Ð ¾ k ≥ 1
ÂJÍ.ÉWÉ�È�Á¬À ¾h¾ È�É�È�ÄMÈ�Ã ¾ (i, j) Å�ÄLÀ ¾ ÁÆÅ�Ç�È�Ã Ak Í.Á}Ç ¾ ÖFÁÆÁ�ÈkÍ.ÃgÃ�ÐFÉWÉÎË
× 6�AoY�]�;.7

k
-K=.3E7�BK-K/.8�7�/D9�V[]�AEA�/U3�/�7�3�BC8�Ø�Ù�/.8_T�BC7oR�5:9�YH6�Ao3E7�,�AE7o3�,�-®Y�BC5�3^7ÆØ

+41�/.AEBC7oP.A¬/�7E7�-M/.8e?F/.8e7�/
k < n

,4X�Y_T�B�7�Vh=.A�1)9{/21gV[]�5·O�/.8�T�B@BC8�?H5
/N3�/F7�3�BCA�`�Ú�9
<>=�-K9:8�8�B�A},�-¯/�7E7�B�8_1�P.;�P.A�BC8�?.BC5{,�-�T�BC8cR>/.A�/N<>/.3�3EB�A�/.A�1./�A[OEB%8�,4T�Y�]�;�3E7¬BC8
;J=�8�;�`
¹ ��¢�¤KÛ¶Ü ÄÝÏ4È ¾�Ò Ã>Ã�ÇZÈ�Ã@¿FÍ�Â�ÄMÈ�ÉWÉÎÀ.Ã ¾ ¿ ½ Ã�Ð�Ï4È�Á�Ç ½'Ò Ã>Ã�ÇQÏ4È ¾ È�ÃMÈ�Ã�ÞJÈ�ÉJ¿FÍ�Â�ÄMÈ�ÉWÉÎÀ.Ã
Ï4È�ÄLË
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� È�¿�Å�Ç�Ë «�-0T�BC8D;.9:148>/S1�P.;�B�8U9:8H7�B¬P.AZB�8�?�B�53�=%9�8�8�B�Y>=�5�5�BCAQT�BC8�BC8DX�I)?�B�5"¸

{vi, vi+1, . . . , vk, vi}.

¦}BC8�8>/�?F/.8S-K/.8S8H6@7�/}Rm,�A^7'V[]�AE6�7�,�- T�B�7�V[]�A�3^7�/}BC5�BC-k7�B�7
vi

,)X�YS149�Y�/.A�B�8@?�,�AE7�/.A�B
1�P.;@-LB�TN-L9�8�3^7ZB�8U-L9�8�T�A�B}T�6�R�5�B�7�7�`�¦}B�7�7�/@?F/.8U-K/.8N8H6UV[,.AE7�3�P�7�7�/k-LB�TN7�9:5�5�3�/.5:5
/
X�I)?H5:B�AnP.AZB�5:9�-L9�8�BCA�/.T�B},4X�YDT>=%Y>/.A�149�BC8DBC8�?.BC51�P.;�`

�

¹ ��¢�¤���� À.Á��2È@È�Ã�ÞJÈ�ÉG¿FÍ�ÂKÅQÈ�ÃUÂ.ÁEÀEÊ�ÄMÈ�Ï n Ã�Ð�Ï4È�Á¬Í.ÁoÀ.¿SÉÎÍ.Ã4ÂJÏ%Ô>Ö�ÂFÇ ¾ n − 1 Ë
� È�¿�Å�Ç�Ë	� VW7�BCA�3E,�- T�BC8�R>/.A�/�?F/.8�9�8�8�B�Y>=.5:5
/N1�/.A[OEBK8�,)T�BC8�;J=.8�;�3�=�R�5:9�A¬/.8J7�/.5:BC7
?F/.8J7�BCAbY�]�;�3^7n/.8J7�/.5�8�,4T�BCAn-L9�8H6�3ZB�7�7�`

�

Ùn,�-SR�9:8�B�A�/.A�149�8H6MT�B�3�3�/k3�/F7�3�BCAQ3�=¬Vh=.A{149�V[].5 O�/.8�T�Bn?HAE9:7�BCA�9:6�-�<>=o/�7�7�T�B�7�ª>8�8�3QBC8
1�P.;%-LB�5�5�/.8M7E1.=@8�,4T�BCA�¸
¹ ��¢�¤�
 ÌSÈ ¾4Ò Ã>Ã�Ç�È�ÃN¿FÍ�ÂkÄMÈ�ÉWÉÎÀ.ÃNÃ�Ð�Ï i Ð�Ó�ÔLÃ�Ð�Ï j ÐFÄ0Ð�Ó�ÔNÈ�ÃmÏJÀFÇ ¾ È�É�È�ÄMÈ�Ã ¾ (i, j)
Å�ÄLÀ ¾ ÁÆÅ�Ç�È�Ã

B =

n−1
∑

k=1

Ak

Í.Á�Ç ¾ ÖFÁ�Á�ÈoÍ.ÃgÃ�ÐFÉWÉÎË
� È�¿�Å�Ç�Ë�� 5�BC-KBC8H7 (i, j)

9'-K/�7�A�9�3EB�8
B
;.B�A�BC8�5�9:;.7�+)/�7�3 * /.8J7�/.5:BC7}1�P.;�/.A�/21�5�P.8�;�T

Y�].;�3E7
n−1

-LB�5�5�/.8%8�,4T
i
,)X�YK8�,4T

j
`4¦�P.AE-KBCTMP�A�BC5�BC-KBC8H7

(i, j)
9
B
<m,�3�9Î7�9Î147�,�-

,4X�YNB�8�T�/.3E7b,�-³T�B�7Zª>8�8�3�1�P.;%/21K5
P.8�;.TNY�]�;�3^7
n− 1

` § B�8UBC8�5�9:;.7�T�B�7�1�=S3�BC8>/.3E7�B
3�/�7�3EB�A�8�/M,�1./�8�3�=%ª>8�8�3�T�BC7�B�8D1.P�;M-LB�5�5�/.8N8�,4T

i
,)X�Y

j
,�- ,)X�YDB�8�T�/.3E7},�- T�BC7

ª>8�8�3bB�8U1.P�;K/21N5�P.8�;�TUY�].;�3E7
n − 1

-LB�5�5�/.8�T�BC-D`�¦}P.A�-LB�T�P.AZRmBC149�3EBC7n?H5
/.A^72`
�

+),.-�B�8_T�9�AEB�?J7�V[]�5 OETe3�=UVh=.A�149�V[]�5 O�/.8�T�B%?4AE9:7�B�A�9:6�-©<�=D/�7E7¬B�8c;.A�/�VQP.A�3�/.-L-K/.8)d
Y>P�8�;J/.8�T�B.�>T�1�3}/�7E7bT�BC7bª>8�8�3�BC8�1�P.;%-LB�5:5
/.8M1�/.AWOEB�<>/.An/21N8�,4T�B�AC`
¹ ��¢�¤��� ÃUÂ.ÁEÀEÊ�ÄMÈ�ÏSÂ.ÁEÀ.Ã>Ã>ÄLÀ ¾ Á�Å�Ç A Í.Á}Ç�À.Ä@ÄLÀ.Ã�Ô�Í.Ã4ÂJÀ.ÃmÏ4È�ÐFÄ Ð�Ó�Ô�È�ÃmÏJÀFÇ ¾ ÐFÄ
À.ÉWÉÎÀUÈ�É�È�ÄMÈ�Ã ¾ Å

B =

n−1
∑

k=1

Ak

Í.Á�Ç ¾ ÖFÁ�Á�ÈoÍ.ÃgÃ�ÐFÉWÉÎË
¦}BC8ST�9:3�?H6�3�3E9�,�8o3�,�- 1494;�B�8�,�-LV[].AE7�V[]�A¡;�A�/FV[B�A�V[6�8�;�BCA�/.A¡<�AEB�X�9:3�5:9�?F/ZR�A�/bV[]�AA�9:?H7�/.T�B
;�A�/�V[B�AC�)T�1�3b;�A�/FV[B�A�T>P�A�?F/.8J7�B�AE8>/SRmB�3E7�=.Ab/21 ÐFÁEÏ.ÃmÀJÏ4È <>/.AZ/21K8�,)T�B�A�` � 8N3E?H9�5�5:8>/.T9ZT�B�7�7�/eVh/.5:5ZP.A%/�7E7L-M/�7�A�9:3�B�8i9:8H7�BUR�BCY�]�1�B�ALR�5:9Z3EI4-K-LBC7�A�9:3�?���BCVW7�B�AE3�,�- T�B�7M?F/.8
ª>8�8>/.3@?F/.8J7�BCAS9�R>/.A�/�B�8�AE9�?J7�8�9:8�;if���B�8�?.B�5:A�9:?H7�/.T�B�;�/�7�,�A��^jÆ`'¦}BC3�3E6�7�,�- ?�/�8�-M/.8
7�P.8�?F/L3E9�;K/�7�7nY>/L5�,4,�<>/.AC��T�1�3�B�8D?F/.8J7nV[A�=.8�BC8�8�,4TU7�9�5:5G3�9:;K3WO�P.5:1m`��'].An-K/�7�A�9�3EB�8
RmBC7 I4T�BCA�T�B�7�7�/L/F7�7bB�5:B�-LB�8J7�BC8D<�=LT�9�/.;�,�8�/.5�BC8�9�8J7�B�RmB�Y�]�1.B�Ab1./�A�/

0
`

� 5�5
/�3�/�7�3EB�A�8�/k,�1./�8M;JP.5:5�BCA�,)X�?H3�=oV[]�A�A�9�?J7�/.T�Bb;�A�/FV[B�A�,�- -M/�8K9�3�9:3E7�/¬3�/�7�3EB�8�RJIH7�BCA
6�7�� 3�/�-K-K/.8�Y>P�8�;J/.8�T�B���-K,�7�� 3^7�/.AE?J7�3�/.-L-M/.8�Y>P.8�;J/�8�T�B�� ��T�1Q3�/�7E7{T�BC7{ª>8�8�3{1�P.;
V[A�=.8N1./�A[OEB�8�,4T�7�9�5:5m1�/.AWOEBo/�8�8>/.8U8�,4T¨fh/.5�5Î7�3�=k9�R>=.T>/@AE9�?J7�8�9:8�;J/.AE8>/JjÆ`

�����}~��� �s�|"!�q��^|�y{s{q#�%$�y�q�s�t�uGq
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G
,4X�YN5
=F7

d(v)
1�/.A�/k;.A�/.T�BC8MV[]�A�8�,)T�B�8

v
�4T�1Q3

/.8J7�/.5�B�7Q;�A�/.8�8>/�A�7�9�5�5
v
`)¦�=¬5
=�7�B�A{1)9m3�5:6�-L<H1�/.8�T�A�9:8�;o<�=kT�B�8�8>/k;�A�/�VG1�/.A�/¬V[]�5·O�/.8�T�B

<�AE,)XCB�3E3�¸>«�- 149GP.A�9mB�8N8�,4T
v
3�=oR�BC;�B�AQ149m,�3�3Q3�B�T�/.8�7�9:5�5>8>=�;�,�8�/21KT�B�3E3�;�A�/.8�8>/.A

-LB�TU5�9:?F/S3E7�,.AZ3�/.8�8�,�5�9:?4Y�BC72��T�1Q3n-KBCTD3�/.8�8�,.5�9�?HY�B�7�BC8
1/d(v)

`
¦}B�7@ª>8�8�3@8H6i-K/.3�3E,�A@/21¨9:8H7�A�BC3�3�/�8H7�/�V[A�=.;�,.AS/�7E7@3E7�P.5�5�/D3�9:;g3�,�- P.ASAEB�5�B�1�/.8J7�/�9
,�5:9�?F/�3�/.-L-M/�8�Y>/.8�;�`HÚ}9�3E?�/SY�P.A�V[A�P.-K3^7�3^1./�A�/k<>=SBC8U/21MT�B�1)9:?J7�9�;�/.3E7�B}8>P.-L5�9:;�B�8�¸
Ú�/.TUP�A�3�/.8�8�,�5�9:?HY�BC7�B�8�/�7�7�-M/.8UP�A�9GB�8U;�9Î1�BC8�8�,)T�149�TNBC8U;�9:1.B�8N7�9:T�<�6�8�?J7�Ø § BC8
9:8�8>/.8�149�;�BCA�,�3�3�<�=�T�B�8�8�/UV[A�=.;J/M3E?�/�149�6�8�T�B�AE3�]�?F/UY46�A�-M/.8g?F/.8�/.8J1�P.8�T�/�3�9�;
/21N-K/�7�AE9�3EB�AQV[]�Ab/F7�7b3E7�6�T�BCA�/%3�5�6�-K<J1�/.8�T�AE9�8�;.B�8G`
�>A�=�8�;.A�/.8�8�-M/�7�A�9:3�B�8

A
7�9:5�5�;�A�/�V[BC8U?�/�8D-K/.8U8H6�T�B�ª>8�9�BCA�/%T�B�8�3�=%?F/.5�5�/.T�B����m¥4���

�
	>��m¤2 c��¢��F£h¤�¥4�
M
V[]�AZ3�5:6�-K<J1�/.8�T�A�9�8�;�B�8U;�BC8�,�-

mij = aij/

n
∑

k=1

aik.

§ BCTe/.8�T�A�/M,�AET�3�=�8�,.A�-LB�A�/�A�-K/.8D1�/.AWOEBkA�/.Tg3�=�/F7�7�3E6�-L-M/.8�/21�T�BC-©P�A
1
` � 8-K/�7�AE9�3�3�,�-�6�<�<�VWI45�5:B�A�T�B�7�7�/�f[B�5�5:B�A�,�VW7�/�T�BC3�3�7�A�/�8�3�<m,�8>/�7�j}R�A�6�?�/�A�?�/�5�5
/�3�V[]�A�BC8

¤C¢���)�>¤C¢�£h¤��\ c��¢2��£h¤.`
��� ¥) ���¥���º Ü Ä G Í.ÁSÈ�ÃUÂ.ÁEÀEÊ�ÄMÈ�Ï@Â.ÁEÀ.Ã>Ã>ÄLÀ ¾ ÁÆÅ�Ç�È�Ã

A =

















0 1 1 1 1 0
1 0 1 1 1 0
1 1 0 1 0 1
1 1 1 0 1 1
1 1 0 1 0 1
0 0 1 1 1 0

















Ç ½ Â4È�Ç@ÖF¿.È�Á"Â ½ Ã4ÂFÇ�ÄLÀ ¾ ÁÆÅ�Ç�È�Ã�À.¿

M =

















0 0.25 0.25 0.25 0.25 0
0.25 0 0.25 0.25 0.25 0
0.25 0.25 0 0.25 0 0.25
0.2 0.2 0.2 0 0.2 0.2
0.25 0.25 0 0.25 0 0.25
0 0 0.3333 0.3333 0.3333 0

















Ú}9�3E?�/KR�BC3�?HA�9Î1./KT�B�8g8�,4TD149�R�B�ª>8�8�BCA�,�3�3�9�-LB�T�YFO�P.5�<�/21DBC8gA�/.T)1�B�?J7�,�A�3�,.- 149
?F/.5:5
/.A��������¥��"�¡£h�¡�m¤��m¥���¢����F��` � 8J7�/.;L/�7E7b1)9�3E,�-09GBÆl)B�-L<�5�B�7
Y>/�A

6
8�,)T�BCA�`)¦�=SRmBC7 I4T�B�A�7>B�lKV[]�A�T�B�5�8�9�8�;�3^1�BC?H7�,�A�8

(1 0 0 0 0 0)
/�7�7�1)9'fh;�/.A�/.8J7�B�d

A�/�7ÆjbR�B�ª>8�8�BCA�,�3�3}9�V[]�AE3E7�/K8�,)T�B�8G` § B�8�149'3E?F/M,)X�?H3�=N7�9�5:5
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§ BCT¨YFO�P.5:<c/21�]�1�BCA�;J=.8�;�3�-K/�7�AE9�3EB�8c?F/.8_-M/�8c8H6¨3E7�6�T�BCA�/�3E5�6�-L<J1./�8�T�A�9:8�;�BC8G`GÚ�9
/.8�-MP.AE?.BCA�V[].A�3E7o/�7E7¬B�5�BC-KBC8J7

(i, j)
9�]�1�BCA�;J=�8�;�3�-K/�7�A�9�3EB�8_P.A�<�BCAoT�BCª>8�9Î7�9:,�8e3�/.8)d
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¹ ��¢�¤�� � É�È�ÄMÈ�Ã ¾ (i, j) ÅÄLÀ ¾ ÁÆÅ�Ç�È�Ã Mk Í.ÁnÇ�À.Ã>Ã�ÐFÉ Å�Þ�Ô>È ¾ È�Ã�À ¾"¾ ÄLÀ.Ã���È Ò Ã>Ã�È�ÁZÇ�ÅÎÂ@Å
Ã�Ð�Ï j È[Ê ¾ È�Á k Ç ¾ È ÂZÂ.ÅW¿.È ¾ À ¾h¾ ÄLÀ.ÃkÇ ¾ À.Á ¾ À.Á�Å>Ã�Ð�Ï i Ë Ü Ä x

t Í.Á�Ï4È�ÃZÊ2ÖFÁEÏ4È�É Ã>ÅWÃ4ÂFÇ�¿.È�Þ ¾ ÐFÁ
Ç�ÐFÄ���È�Ç�ÞFÁ�ÅW¿.È�ÁQ¿FÀ.ÁZ¿�Å���È[ÊCÀ.Ã>Ã�Ð�Ç�Ç�ÊÆÁ ½ Ã���ÖFÁ��CÀ.Ã	��Ç ½ ��È�Ç�ÞFÁÆÅW¿.È�Á xtMk ¿FÀ.ÁZ¿�Å���È Ò Ã>Ã�È�Á
Ð�Ç�ÇSÈ[Ê ¾ È�Á k Ç ¾ È ÂJË

 �¡ ���� ���¡£"��°º Ü ��Ç�È�Á�¿.È�ÁEÀ@À ¾h¾ ¿�Å¡Ä�)É ¾ Å��mÉ Å Ó�È�ÁEÀ.ÁnÄMÈ�ÏQÊ2ÖFÁEÏ4È�É Ã>ÅWÃ4ÂFÇ�¿.È�Þ ¾ ÐFÁ�Ã��"Ç�ÐFÄ
Í.ÁSÈ�Ã
ÁEÀJÏ.¿.È�Þ ¾ ÐFÁ���ÊÆÁ ½ Ã�¿FÍ.Ã�Ç ¾ È�ÁCË���È�Ã_ÐFÄ ÄLÀ.Ã ¾ Á�À.Ã�Ç��>ÐFÃ�È�ÁEÀ.Á}Ç ½ Ê ½ Á�ÄLÀ.Ã�Å�Ç ¾ Í.ÉWÉ�È ¾
M t

x Ë
��� ¥) ���¥��QÑ�� ÖFÁ�Ç ¾o¾ Å ¾h¾ À.Á�¿�Å�� ½ Ï4È�Ã$É ÅWÉWÉÎÀ�Â.ÁEÀEÊ2È�Ã$ÄMÈ�Ï���À.ÁEÀ ¾ ¿ ½ Ã�Ð�Ï4È�Á�Ð�Ó�Ô$È�Ã
Þ.À.Ã ¾ ÄMÈ�ÉWÉÎÀ.ÃeÏ4È�Ç�Ç�ÀJËÌkÈ�Ã>ÃmÀ%Ô�À.ÁnÂ.ÁEÀ.Ã>Ã>ÄLÀ ¾ ÁÆÅ�ÇSÐ�Ó�Ô�ÖF¿.È�Á"Â ½ Ã4ÂFÇ�ÄLÀ ¾ ÁÆÅ�Ç�É Å�Þ.ÀMÄMÈ�Ï

M =

(

0 1
1 0

)

.

� ÖFÁZÏ4È�Ã>ÃmÀ{Ê ½ Á�¿�ÅÀ ¾h¾ Mk = M ÐFÄ k Í.Á��ÏJÏJÀ@Ð�Ó�Ô%À ¾"¾ Ï4È�ÃNÍ.ÁQÅhÏ4È�Ã ¾ Å ¾ È ¾ Ç�ÄLÀ ¾ ÁÆÅ�Ç�È�Ã
ÐFÄ k Í.Á �CÍ.Ä@Ã ¾ Ë���Í.Á¬Ç�È�Á¬¿�Å�È�Ã��>È�ÁÆÅ Ð�Ï.Å�Ç�Å ¾ È ¾ Ç�ÐFÄ ÅWÃ>Ã�È���Í.ÁkÀ ¾"¾ È[Ê ¾ È�Á �CÍ.Ä@Ã ¾ À.Ã ¾ À.É
Ç ¾ È Â�Í.Á@ÄLÀ.Ã¨ÏJÍ.ÁSÄLÀ.Ã ��ÖFÁ��CÀJÏ4ÈLÐ�Ó�ÔcÈ[Ê ¾ È�Á��ÏJÏJÀDÀ.Ã ¾ À.ÉÇ ¾ È Â�Í.ÁkÄLÀ.ÃcÅZÏ4È�Ã¨À.ÃmÏ.ÁEÀ
Ã�Ð�Ï4È�ÃmË Ü Ä©¿�ÅbÏJÍ.Á�È�ÄMÐ ¾ Ç ¾ À.Á ¾ À.ÁLÄMÈ�Ï¬Ê2ÖFÁEÏ4È�É Ã>ÅWÃ4ÂFÇ�¿.È�Þ ¾ ÐFÁ�Ã x

t = (1/2 1/2) ��Ï�¿Ç
ÄMÈ�ÏKÉ Å�Þ.À@Ç ¾ ÐFÁ�Ç�À.Ã>Ã�ÐFÉ Å�Þ�Ô>È ¾ Å�È�ÃmÏ4È�ÁEÀ�À.¿@Ã�Ð�Ï4È�ÁÆÃmÀ!��Ç ½ ��É ÅWÁ

x
tMk = x

t

Ð�À.¿�Ç�È ¾h¾ ¿FÀJÏ k Í.Á�Ç ½ Ç�À.Ã>Ã�ÐFÉ Å�Þ�Ô>È ¾ È�ÃeÀ ¾h¾ ¿FÀ.ÁEÀ�ÅZÈ�ÃeÃ ½ Â4ÐFÃ�À.¿%Ã�Ð�Ï4È�ÁÆÃmÀ�ÅZÈ ¾h¾ Â.ÅW¿.È ¾
Ç ¾ È ÂNÍ.Á 1/2 Ë
��� ¥) ���¥��QÛ

M1000 =

















0.1667 0.1667 0.1667 0.2083 0.1667 0.125
0.1667 0.1667 0.1667 0.2083 0.1667 0.125
0.1667 0.1667 0.1667 0.2083 0.1667 0.125
0.1667 0.1667 0.1667 0.2083 0.1667 0.125
0.1667 0.1667 0.1667 0.2083 0.1667 0.125
0.1667 0.1667 0.1667 0.2083 0.1667 0.125

















� Å'Ç�È�Á¬À ¾"¾ ÞJÐFÉ"4Ä@Ã�È�Á�ÃmÀKÍ.Á#��Å�Ç ¾ ÐFÁ ¾ Ç�È ¾"¾ �@ÞJÐFÃ�Ç ¾ À.Ã ¾ À!��Ï�¿�ÇkÓ�Ô�À.Ã�Ç�È�ÃgÀ ¾h¾ ¿FÀ.Á�ÀMÅ�È�Ã
Â.ÅW¿.È�ÃKÃ�Ð�Ï%È[Ê ¾ È�Á 1000 Ç ¾ È ÂSÍ.Á$��Å�Ç ¾ ÐFÁ ¾ Ç�È ¾h¾ �@Ð%��È�Á�Ð�È�ÃmÏ4ÈZÀ.¿�¿FÀ.ÁZÄLÀ.ÃKÇ ¾ À.Á ¾ ÀJÏ4È�Ë'&%È)(¾+* Ó�Þ�Ç�Ç�À.Ã>Ã�ÐFÉ Å�Þ�Ô>È ¾ È�ÃgÀ ¾h¾ ¿�Å�Í.Á¬Å)Ê2ÖFÁ�Ç ¾ ÀMÃ�Ð�Ï4È�Ã�¿FÀ.ÁEÀ 1/6 Ë
¦}BC8�V[]�AET�B�5:8�9�8�;�BCVW7�B�A ��5
=�8�;�7�9�T �N3�,�- 149nª>X�?\9b3�9:3E7�/_B�l)B�-L<�5�B�7M?F/.5:5
/.3@V[]�ALT�BC8
¤C¢2��¢�£ ���,����� � �m� �¥��"�¡£"���¥4��`�Ú}9¡3�=.;MT�P.A�BC-K,.7n9T�B�7�V[]�AE3E7�/KB�l)BC-K<�5:BC7}/�7�7b149¡9�8J7�B
ª>X�?N8�=.;�,�8U3E7�/�7�9:,�8>P.A�V[]�A�T�BC5�8�9:8�;�f[V[].A�6�7�,�-¶9�T�B�7bVh/.5�5
T>=U149Q3E7�/.AE7�/.T�BK-KBCT

x
t = (1/2 1/2)

j�6�7�/�8�/�7�7oT�BC8¨1.P�l�5�/.T�BL-KBC5�5�/.8g7�1�=�,�5:9�?F/
-K/�7�AE9�3EB�A�`�¦}BC7E7�/NV[B�8�,.-KBC8�Vh=.A�-K/.8g,�-©-M/.8e6�7�;J=.A�V[A�=.8eB�8�3�=U?�/�5�5
/�T�7�1�=.T�BC5
/.T
;�A�/�V�¸
- ¥/.��¡£W¢�£ �m� º � Ã�Â.Á�ÀEÊ G = (V, E) Ç�Í�Â4È�ÇN¿FÀ.ÁEÀ ¢���	 �¡¥��[� � ÐFÄ Ï4È ¾{Ò Ã>Ã�Ç�Ï4È�É"0
ÄLÍ.Ã4ÂJÏ4È�Á A 6= ∅ Ð�Ó�Ô B 6= ∅ À.¿KÃ�Ð�Ï4È�Á�Ç ½ ÏJÀ.ÃmÀ�À ¾"¾ A ∪ B = V Ð�Ó�ÔgÀ.ÉWÉÎÀ�Þ.À.Ã ¾ È�Á
Å E Â ½ ÁoÄMÈ�ÉWÉÎÀ.Ã¨È�Ã�Ã�Ð�Ï�Å A Ð�Ó�ÔeÈ�Ã�Å B Ë�ÌkÈ ¾�Ò Ã>Ã�ÇSÀ.ÉWÉ ¾ Ç ½ ÅWÃ4ÂJÀKÞ.À.Ã ¾ È�Á¬ÅWÃ�ÐFÄ A
È�ÉWÉ�È�Á�ÅWÃ�ÐFÄ B Ë
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� B�149�3�B�7�/�1MV[]�5 O�/.8�T�B}149�?J7�9:;J/@3�/�7�3b5�9�;.;�B�A�6�7�/.8)V[]�AZ?H6�A�3EB�8G¸
¹ ��¢�¤�� »G½.¾

G ¿FÀ.ÁEÀkÈ�ÃSÂ.ÁEÀEÊ�ÄMÈ�ÏSÖF¿.È�Á"Â ½ Ã4ÂFÇ�ÄLÀ ¾ ÁÆÅ�Ç M Ë��}Ã ¾ À�ÂoÀ ¾h¾ G Í.Á{Ç�À.Ä@ÄLÀ.Ã 0
Ô�Í.Ã4ÂJÀ.ÃmÏ4È�Ð�Ó�Ô�À ¾h¾ Ï4È�Ã�ÅWÃ ¾ È¬Í.Á ¾ ¿ ½ Ï4È�ÉÎÀJÏJË�Ì ½bÒ Ã>Ã�Ç¬È�Ã�4Ã>Å�ÞkÇ ¾ À ¾ Å ÐFÃmÍ.Á�Ê2ÖFÁ�Ï4È�É Ã>ÅWÃ4Â
x

t Ç ½ ÏJÀ.ÃeÀ ¾"¾
x

t = x
tM.

��B�8�,.-0/�7E7n7�A�/.8�3�<m,�8�B�A�/@3�=@Vh=.AZ-M/�8�3E,�-0,�1�/.8�/�7�7

x = M t
x

3�=
x
P.Ab/.5:5:7�3�=SB�8�B�;.B�8J1�BC?H7�,�A�7�9�5:5

M t
-KBCTDBC;�B�8J1�P.AET�BC7

1
`

¦}B�7Zª>8�8�3bBC8�BC5�BC-KBC8H7�P.A�V[,�AE-KBC5�V[]�A�T�B�8�3E7�/F7�9�,.8>P.A�/¬V[]�A�T�BC5�8�9:8�;�BC8N,)X�YURmBC149�3EBC7nP.A
7�P.-K5:9�;�BC8�B�8�?.B�5Î72¸
¹ ��¢�¤�� »G½.¾

G = (V, E) ¿FÀ.ÁEÀkÈ�ÃSÂ.ÁEÀEÊ�Ç�ÐFÄ�Í.Á{Ç�À.Ä@ÄLÀ.Ã�Ô�Í.Ã4ÂJÀ.ÃmÏ4È�Ð�Ó�ÔLÈ � ¾ ¿ ½ Ï4È�ÉÎÀJÏ
Ð�Ó�Ô���È ¾ ÁEÀFÞ ¾ ÀLÄMÐ ¾ Ç�¿FÀ.Á�À.ÃmÏ4ÈnÇ�É"4Ä �m¿FÀ.ÃmÏ.Á�ÅWÃ4Â@ÄMÈ�ÏNÖF¿.È�Á"Â ½ Ã4ÂFÇ�ÄLÀ ¾ ÁÆÅ�Ç M Ë��}Ã ¾ À�ÂKÀ ¾"¾
x

t Í.ÁkÏ4È�Ã�Ç ¾ À ¾ Å ÐFÃmÍ.ÁEÀ�Ê2ÖFÁ�Ï4È�É Ã>ÅWÃ4Â4È�ÃeÐ�Ó�ÔDÀ ¾h¾ |E| = m Ë¡Ì ½ ÂJÍ.ÉWÉ�È�Á¬À ¾"¾

xi =
d(vi)

2m
,

ÏJÍ.Á xi Í.ÁSÈ�É�È�ÄMÈ�Ã ¾ i Å)Ê2ÖFÁ�Ï4È�É Ã>ÅWÃ4ÂFÇ�¿.È�Þ ¾ ÐFÁÆÃ x
t Ë

� È�¿�Å�Ç�Ë Ú}9�3�?F/o149�3�/k/�7E7 x
t = x

tM
,�-

xi = d(vi)/2m
V[]�A�/.5:5
/

i
` § BCTU/.8�T�A�/o,�AET

3�=L3E?�/S149G149�3�/K/�7E7
(xtM)i = xi =

d(vi)

2m
,

V[]�Ab/�5�5
/
i
` § BC8

(xtM)i =
n

∑

k=1

xkMki =
∑

{vk ,vi}∈E

d(vk)

2m
·

1

d(vk)
=

∑

{vk ,vi}∈E

1

2m
=

d(vi)

2m
,

149�5:?.B�7Z1./�A�<�A�BCX�9:3b1�/.TN149G149�5:5�B�149:3�/�`>¦�B�8�3�9�3^7�/@5�9:?HY�BC7�B�8�V[]�5·OEB�AZ/21NT�B�7bVh/.?J7�6�-¶/�7�7
/.8J7�/.5�B�7b?�/�8H7�B�A

{vk, vi} ∈ E
fWV[]�Ab/.5�5�/S-K]�OE5�9�;�/

k
jZP.Ab/�8H7�/.5�B�7b;�A�/�8�8>/.A�7�9�5�5

vi

`
�

��� ¥) ���¥�� � � Å ½.¾ È�Á Â ½ Á ¾ ÅWÉWÉ�È)()È�Ä �mÉ�È ¾ Ç�ÐFÄ ¿�Å ¾ Å ¾"¾ ÀJÏ4È � ½ ÐF¿FÀ.ÃmË � Å{Ô�À.Á@ÏJÍ.ÁSÀ ¾"¾
d(v1) = d(v2) = d(v3) = d(v5) = 4 � d(v4) = 5 Ð�Ó�Ô d(v6) = 3 Ë$&�Ð ¾ À.ÉÎÀ�À.Ã ¾ À.É�È ¾
Þ.À.Ã ¾ È�Á�Í.Á (4 · 4+5+3)/2 = 12 Ë � Á ½ ÃMÇ�À ¾ Ç�È�ÃgÐF¿FÀ.Ã�Ç ½ Ç�È�Á}¿�Å�À ¾h¾ Ï4È�Ã�Ç ¾ À ¾ Å ÐFÃmÍ.ÁEÀ
Ê2ÖFÁEÏ4È�É Ã>ÅWÃ4Â4È�ÃgÍ.Á

(
4

24

4

24

4

24

5

24

4

24

3

24
) = (

1

6

1

6

1

6

5

24

1

6

1

8
)

¿�ÅWÉ ÞJÈ ¾ �[Â.ÅW¿.È ¾ ¿�Å�Ç���Ç ¾ Í.Ä@ÄMÈ�Á�ÄMÈ�Ï@Ï4È�Ã�Ê2ÖFÁEÏ4È�É Ã>ÅWÃ4Âk¿�ÅJÊCÀ.Ã>ÃUÃmÍ.Á�¿�Å ¾ Ð�ÂMÈ�Ã�Ô>Ö�Â �>Ð ¾ È�Ã�Ç
À.¿KÖF¿.È�Á"Â ½ Ã4ÂFÇ�ÄLÀ ¾ ÁÆÅ�Ç�È�ÃmË
§ /�8k?F/.8k3^7�6�T�B�A�/n3�5:6�-K<J1�/.8�T�A�9�8�;J/.A�,4X�?43�=}<>=nA�9�?J7�/.T�B{;�A�/FV[B�AQf[7>BÆl¬;�]�A-M/�8oT�B�7�7�/
8>P�A}-K/.8�-L,)T�BC5�5:B�A�/�A��
	QBCR�RmB�8 �k-KBCTgB�8g;�A�/�V�j�` § /.8�Vh=.A�5�9:?48�/.8�T�BoA�B�3E6�5:7�/�7�3E,�-
T�B�149Gª>X�?�V[]�A�1�/.8�5�9�;�/k;�A�/FV[B�A�`

� s�q��{v  ���{u !��Hv�q
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� 8N;�BC8�B�A�/.5�9:3�B�AE9�8�;S/�1KT�B�3E5�6�-L<J1./�8�T�A�9:8�;J/.A�<>=S;�A�/�V[B�A�3�,�-³149G3E7�6�T�B�A�/.T�B�,�1�/.8UP.A
/�7E7¬-M/.8eY�BC5:7¬B�8�?.B�5Î7oV[A�=.8�;J=�A¬<�A�9�8�X�9�<mB�8�/�7E7�1./�A[OEB%?F/.8J7k6�7�V[A�=.8_BC8c8�,4T�3�?F/DY>/
3�/.-K-K/%3�/.8�8�,�5�9:?4Y�BC7�/F7�7n1.P�5 O�/.3C`�¦�BC7�-K/.8DVh=�A}T>=MR�A�6�?F/.A�?�/�5�5
/�3bV[].A�BC8 § /.A�?�,�1Hd
?�B�TFO�/�`.µZ9�5�54B�8 § /�A�?.,�1Jd ?�B�TFO�/�Vh=.A�-K/.8%/.5:5:7�3�=�BC8%]�1.B�AE;J=.8�;�3E-M/F7�A�9:3�T>P.A'<�A�BCX�9�3�3E,�-
9:8�8>/.8�3E6�-L-M/.8�/21�A�/.T�B�AE8>/NP.A

1
` ² 6gRmB�Y�]�1�BCA�T�,4X�?D9:8H7�BS/.5:5
/%B�5:B�-LB�8J7�9�B�8gA�/�T

1�/.A�5:9�?F/o3^7�,�A�/�`�Ú}9G/.8�-KP.AE?.B�Ab/F7�7Z,4X�?H3�=@3�5:6�-K<J1�/.8�T�A�9�8�;S<>=SB�8UAE9�?J7�/.TN;.A�/�V¡P.AQBC7�7
3E<�BCX�9
/�5:Vh/.5:5�/21NRmB�;�AEB�<�<mBC7 § /�A�?.,�1Jd ?�B�TFO�/)`
��� ¥) ���¥�� 
 � È ¾ Á�ÀFÞ ¾ ÀKÄLÀ ¾ ÁÆÅ�Ç�È�Ã





1/6 1/3 1/2
1 0 0

1/2 1/3 1/6



 .

� 4Ä@ÄLÀ.Ã\À.¿D¿FÀ.Á��2ÈKÁEÀJÏeÍ.Á 1 Ç ½ Ï4È ¾"¾ À�Í.ÁUÈ�ÃrÖF¿.È�Á"Â ½ Ã4ÂFÇ�ÄLÀ ¾ ÁÆÅ�ÇbÊ2ÖFÁUÈ�Ã �gÀ.Á�ÞJÐF¿ 0
ÞJÈ�Ï �CÀJË &LÈ)(SÔ�À.Á�¿�Å�À ¾"¾ Ç�À.Ã>Ã�ÐFÉ Å�Þ�Ô>È ¾ È�Ã�À ¾h¾ ¿�Å�Â ½ Á'ÊÆÁ ½ Ã�Ã�Ð�Ï 1

¾ ÅWÉWÉmÇ�ÅÎÂ@Ç �CÍ.É ¿kÍ.Á 1/6 Ë
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