
§5 ÀJú¯K

§5.1 ºÂÚd5

ÀJú,ÀJ]�,Àú,½�ÀJ.��¡ÀJú,Ì��ñ�zÀ�ÀJ.ÀJúÒ´]

Xúfr�G�!r~Gr�ñû¬���.

JåÀJú, %pî�Zåß�

�~Î�X. 3Nõ<�ÖcPÁ¥,

�8�kÀJúr�G�!r~Gr

��K.¦�õ�´¥cÇf,r�~

Þ��, �eÀú, ÃI�ñ, Ã~Ã

L�. IåP�,f��(��à�þ

5. �,=´�BÀú,�û¬  �

~´L,kOå^�Èsq!uk!7

Î!ºf!Þ-!�f!�Þ�M; k

F~)¹¤I�»�Ú}f; k�¯

^��!�!7��ä!�í¥!�

Y<, ±90J�. ÀJØ=ñÀÜ,

�Â¢¬. k�¯fÒ¬</f!Û

f!/1�!ßq�!D!�ÙÞ� ã 1: �øå�5ÀJú6

a�¢¬�ä½0J. ��Í¶ë�xx[�øå�ÀJúD��x/���Þ~¶À§Ã

L&å�ñ(. #�VpJK, _%¦3�ú¥0£�ã 1¤́ ÀJú�ý¢�ì.

ÀJúÃ¦´��/6ÄzÀûA0, 3+¯Ø44Ù©Ñ��¬p, ÀJú´û¬6Ï�

�Ãã��. ÀJ�Ø`"£, ¹�3¢��m, �\�¡��1, l¯X�.��û�¹Ä,

ÏÉ�
e�<¬�9���H. ¯õ�'uÀJú��K�¬�<�3e{Ð�PÁ£�

ã 2¤.

ã 2 �Kµ5ÀJú6�\�Þ��!Xm/Þ

X8, �X���C[, û��:(Û�Ù, ÀJú@®��3
{¤��c1K¥, �~

Î��<<k�. Ø�¢½3�u��û¬û�«ák5ÀJú6H�; â`.Í¶��û¬

8Ñ/úô�Â¿½�ï
5ÀJú6ú	, ±Vg@
�Â¿�û¬½|�/¤ÚuÐ�Ñ

ØA�z�ÀJ�; ìÀ��
Ài«�k5ÀJú6µ:£�ã 3¤.

2



ã 3 H�9Àiµ:5ÀJú6

3¥Iû�{¤��à¥,/ÀJú0Ñy3{�Nõ©ÆÚ±x�¬¥.1

/ÀJú0�c�@Ñy3��£1271)1368c¤�w£)wc��¤�5;så6	f:/·

�FAùs�, �v�¦, :�p�Ø�ÀJú�5ï.0�5,/ÀJú0�cÑy3NõÍ¶

�©Æ�¬¥. X�"²Ð�©Æ[�F�£1296)1370c¤ÚÛ0¥£�1330¨�1400c¤Ü

Í�5YéD61Ôo£: /\Q,C�ÀJú�, \���ìÀ5ÀJ=Ny6�·¯<f.0

²�4ey(1584c)º)5V¥�#S��ÝVÑ6: /q�^iÉ=Ex¬, ¤x<�æK¶

s,J§½ÀJúKzÔ.�.0y��[¶ £1904–1986c¤5��ì3ÒZàþ6o:/ù>

ä.e�~�e5�üBÀJú, ½´ñÜ��.0

/ÀJú0±x�@Ñy3�

y"ÏÍ¶x[ÜJà£1085)1145

c¤±��5�²þàã6¥, Ù

¥küBÀJúf(�ã 4). y�

£1127¨1279 c¤±x¥kêÌ5À

Júã6, Ù¥��Í¶�´Hyx

[oÓ(1166)1243) �5ÀJúã6

(�ã 5), §)Ä£±
ÀJú]X

�zÀr�G��|µ. 7� (1115

¨1234c) k5_%�úã6, ²�

(1368¨1644c)�k5ÀJúã6. ã 4: �y#ÜJà�²þàã£ÛÜ, mµ½¥%�µ¤

1k']�5gzÝ��, Ùý¢5k�?�Ú�y.

3



ã 5 Hyx[oÓ�5ÀJúã6

§5.2 ÀJú¯K

� ÀJúXû¬�¦¤3�«�S¤k~	?1í�. ¦AN�ÀJ�^o´§�á�

1r´�¦z�~	����g, ,�£�Ñu:? ù�¯K¡�ÀJú¯K.

²LG ¥z�º:���g�4ó¡�ÀJó. ^ãØ�ó, ÀJú¯KÒ´3�½�ë

Ï\�ã (G,w) ¥ (Ù¥w ´ål¼ê)Ïé�^�Ú���ÀJó, ¡��`ó. w,, XJ

ù^�`ó²Lz�~	TÐ�g, @où^óÒ´äk���Ú� Homilton �.

À1í�
¯K (traveling salesman problem)2 ´: �½ n ¢½Ú§��m�ål, ¦�^

²Lz�¢½TÐ�g�´§�á�À1´�. ^ãØ�ó, À1í�
¯K´3�½���

\�ã (Kn,w) ¥ (Ù¥w ´ål¼ê)Ïé�^�Ú��� Hamilton�, ¡ù^���`�.

ÀJú¯KÚÀ1í�
¯K���«OÚ'X´: ÀJú¯K�Ä�\�ã´���ë

Ïã,À1í�
¯K�Ä�\�ã=´��ã. Ïd,ÀJú¯K´À1í�
¯K�í2

/ª. �é{`,À1í�
¯K´ÀJú¯K�AÏ�/. À1í�
¯K�)´�^�`�

(Ï� G ´��ã), ÀJú¯K�)Ø�½k Hamilton� (Ï� G Ø�½´��ã). Karp3

y²
À1í�
¯K´ NP ���. Ï, ÀJú¯K�´ NP ���. �3Nõõ�ªC

q�{)ûÀ1í�
¯K.

)ûÀJú¯K�'�´òÀJú¯K=�¤À1í�
¯K— �!�:.

Ä��{: éuëÏ\�ã (G,w), �E\���ã (Kυ,w′), Ù¥V (Kυ) = V (G), Kυ ¥

>xy ��w′(xy) ½Â�G ¥x Ú y � (\�)ålw(x, y). (Kυ,w′) ÷vn�Ø�ª, �Kυ

¥>xy éAG ¥>xy ¦ w′(xy) = w(xy) ½öxy ´P ¦w′(xy) = w(P ).

Ä�½nµëÏ\�ã (G,w) ¥�`óéA (Kυ,w′) ¥�`�����. ��, (Kυ,w′)

¥�`�éA (G,w) ¥�`ó����.

dÄ�½n�,¦��\�ã (G,w)¥�`ó�±8(�¦÷vn�Ø�ª�\�ã (Kυ,w′)

¥�`�. e (G,w) ÷vn�Ø�ª, KG ´Kυ �| fã, w = w′|E(G). Ïd, e (G,w)

÷vn�Ø�ª�k�`�C, KC 7´ (Kυ,w′) ¥ Hamilton�, �w(C) > w′(C) = w(C ′′),

Ù¥C ′′ ´ (G,w)¥�`ó. ��,�C ′ ´ (Kυ,w′)¥�`�. eC ′ ⊆ G, KC ′ �´ (G,w)¥

�`�;eC ′ ⊆ G,K��éA�C ′′ ´ (G,w)¥�`ó,�w(C ′′) = w′(C ′). Ïd,� (G,w)

2A. Schrijver, On the history of combinatorial optimization (till 1960). Handbook of Discrete Optimization (K.

Aardal, G.L. Nemhauser, R. Weismantel, eds.), Elsevier, Amsterdam, 2005, pp. 1–68.
3R. M. Karp, Reducibility among combinatorial problems. in R. E. Miller and J. W. Thatcher (eds.), Complexity

of Computer Computations, Plenum Press, New York, 1972, pp. 85-103.
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÷vn�Ø�ª, K� (Kυ,w′) ¥�`�éA��U´ (G,w) ¥�`ó, ��U´ (G,w) ¥�

`�. �´, � (G,w)Ø÷vn�Ø�ª, K� (Kυ,w′)¥�`�éA�´ (G,w)¥�`ó, 

Ø´�`�.

§5.3 )ÀJú¯K��{

8c, )ÀJú¯K��Ð�{´N. Christofides (1976)4 � 3
2 Cq�{.

ChristofidesCq�{

1. ¦ (G,w) �\�ålÝ
w′, ¿�E (Kυ,w′).

2. ¦ (Kυ,w′) ¥��äT .

3. éÑT ¥ÛÝ:8V ′ ¿¦ÑG′ = Kυ[V ′] ¥�������M .

4. 3G∗ = T ⊕ M ¥¦Euler£C0 = (x, y, z, · · · , x).

5. lxm©,÷C0 �gí�C0 ¥EÑy�º: (����xØ	)�,�{�º: (ØUC

§�3C0 ¥�^S)/¤Kυ ¥Hamilton�C, C =�¤¦�Cq�`�.

é�{�5º

T�{1 1Ú|^Moore-Dijkstra�{ (� 2.7!),¿ò (G,w)¥�ÀJú¯K=z� (Kυ,w′)

¥�À1í�
¯K£±eAÚ¯¢þ´)À1í�
¯K¤.

1 2Ú|^Prim�{¦ (Kυ,w′) ��ä (� 2.6!).

1 3Ú¥�V ′ 6= ∅, �díØ 1.3.2� |V ′| �óê. duG′ = Kυ[V ′] ´ó���ã, |

^ 5.4!¥�Kuhn-Munkres�{(5¿ù��{^�¦ 2Üã�����:ß|�{)¦ G′ ¥

��������.

31 4Ú¥, G∗ ¥º:Ñ´óÝ:, ��Eulerã. |^Edmonds-Johnson�{ (� 4.6!,

^��ä6nØ), ¦ÑG∗ �Euler£C0.

1 5Ú�EÑKυ ¥�Hamilton�C, =�¤¦�Cq).
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4N. Christofides, Worst case analysis of a new heuristic for the travelling salesman problem. Technical Report,

Graduate School of Industrial Administration, Carnegie Melon University, Pittsburgh, PA 1976.
5Xu Junming, A First Course in Graph Theory (ãØÄ:�§), �ÆÑ��, �®, 2015 c 3 �.
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