
�ùı «…c˜Dé��â˛

Ê¥øı2, BbÄe�Üs�ÔyÇ ; …b.�uÊÇ�íê�C

uÊ@à,·2�Ý�½bËP�

1. «…c˜ (Euler Circuit)

íl, Bbõ«…c˜ ; …ªJzuÇ�û˝í�ø_½æ, oÊù

ìÖ�‡ÿ-%Çá7� çv:=bçð«… (Leonhard Euler) ÄÑû˝

þ›½æ7ê�|¥�Ç�F‚þ›½æuêÞÊÛD,Å1q : çÓ�

� (Pregel) ´¼%ë−g& (Königsberg) Ë¡v$As_×�¹, à-Ç�

Ñ7˛¤í©û,Êçvu�7þè›,�.ýAtO*ø_Ëj|ê,ı

�Ê.½µí8”-•ê¤þè›, Í(�ƒ ŸË� ½æuªJŸƒý?

A


C


D


B


Ç 1 : ë−g&íþ›

JÇíj�VõÇ 1, †ªJz A , B , C , D õAuõ, ›Ñi, ku

)ƒø_½iÇ, Ç 2� ÛÊþ›½æ�kÊ½Ç 22u´vƒø _c˜

¦¬F�íi�
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A


B


C


D


Ç 2 : þ›½æ5ú@Ç

õ|Ç 2.ÖLS¦¬F�iíc˜u.˚Øí9, ÄÑøO�¥�

c˜æÊ,†Ç,íF�õ.ÍuXõ (ª|íÛd) ,Oub„pLÅH

ÿ)Iøõ‰−7�

ì2 1.1. («…Ç , eulerian graph)

ø_ÇJuæÊø_c˜¦F�íi,†¤Ç˚Ñu«…Ç,¤v,v

c˜6˚ÑuÇ2íø_«…c˜�

ìÜ 1.2. ø_Ç G u«…Çíkb‘KÑÇ G Ñ©¦Ç/Ç2í©ø

õ·uXõ�

„p.

(⇒)

à,Hzp�

(⇐)

â¦Ñ¶,éÍç GÉ�øõCsõvŸÅ.A
� cqç|V (G)| ≤ n

, ?¹ç©_õ·uXõv, G Ñ«…Ç� I H Ñø© ¦Ç, w2

|V (H)| = n + 17/ H 2í©øõ·uXõ� I v ∈ V (H) ,/7 NH(v) =

{v1, v2, ..., v2i−1, v2i} � ÛÊ5? H ′ = (H − v)
⋃

(v1v2, v3v4, ..., v2i−1v2i) � éÍ

H ′ x� n _õ, 7/©_õ·uXõ, °v H ′ |Öu i _¶} (Compo-

nents)F$AíÇ�â¦Ñcq,©_¶M·u«…Ç ;ÛÊz©_¶}í

«…c˜å|V,ç¥<c˜¦¬ v1v2, v3v4, ..., v2i−1v2i 2íLøi v2j−1v2j

v,ø¤c˜Z−A −v2j−1− v− v2j ( ¥ v2j−1v2j) , j = 1, 2, ..., i ,†Bb

°) H íø_«…c˜, FJ H Ñ«…Ç, ìÜ)„� ¥

¥_ìÜí„pþ�w….°íj�, ~AWÇ„ (T“1.)
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ÖÍBbªJ„pìÜ 1.2, OuÊø_µÆí«…Çz«…c˜å

|Víü.uøKñqí9 ; J-íÆ�¶ÿ‡úàS�^Ëvƒ«…

c ˜TXø_j¶�

L#ø_«…Çå«…c˜5Æ�¶ (Fleury)

¥	 1. I i = 0 , 1/L² G 2íøõ v0 J£ì2 T0 : v0 �

¥	 2. Ti : v0 , v1 ,..., vi , ¥_¥�-%vƒ, Q-Vyv vi+1 , ¥v`

vivi+1 .u G \ {v0v1, v1v2, ..., vi−1vi} 2íø‘›�JÌ vivi+1 æÊ, †T¢�

¥	 3. ì2 Ti + vivi+1 �

¥	 4. à i + 1 ¦H i , Í(�ƒ¥	 2�

,HÆ�¶�ÀzÿubfÇ›, ÎÝviu”-íñøi�

ìÜ 1.3. Fleury íÆ�¶Fvƒíÿu«…c˜�

„p.

(†bzp)âk«…Ç2í©ø_õ·uXõ,FJç¥Æ�¶./

d, |(øì}Q�ŸV|êíõ, FJV-íuÌ¶%¬F�íi�

Í7, à‹³�•¬r¶íi[ý2¤ÊªJ²Ïí8”-²7›,

µuÆ�¶Ffní ; Ä¤.}”-i³•¬� (r¶uXõíÇ.}�

›æÊ ! T“2.) � ¥

�<Ç,ÖÍ.u«…c˜,Ou,…ªJâøõ|êÊ•êF�iv

ƒ®Çøõ,6ÿu�ø_%¬r¶ií¥�,øO6˚Ñuø°å (eule-

rian trail) à-Ç�

Ç 3 : ø°åíÇ

ìÜ 1.4. ø_©¦ÇªJø°åíkb‘KÑvÇ|Ö�s_Jõ, 7

/¥ø°åí–õD�õª?æÊís_Jõ�
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„p.

Ju G 2íF�õîÑXõ, † G AÍªJø°å� ÛÊ, cq u ,

v Ñ G 2ís_Jõ� íl, à‹ uv /∈ E(G) , †©Q u ,v )ƒ G′ ; ÛÊ

G′ Ñø«…Ç, I C Ñø_«…c˜, † C \ uv ÿu G íø_¥�, â u

ƒ v , 7/¦¬F� G 2íi� yV, à‹ uv ∈ E(G) , I G′ ÑøÇ, …Å

— V (G′) = V (G)
⋃{w} J£ E(G′) = E(G)

⋃{wu, wv} � °Ü G′ Ñø«…

Ç, C Ñø«…c˜,¤v* C 2p¥ wu£ wvÿªJ)ƒ Gíø°å�¥

ìÜ 1.5. I G Ñx� 2n _Jõí©¦Ç,n ≥ 1 � † E(G) ªJ}’A n

_¥� E1 , E2 , ... , En U )w2|ÖÉ�ø_¥�…x�Jb_i�

„p.

íl, à‹�s‘¥� Ei £ Ej …b·�Jb‘i7/ Ti =< Ei >G

D Tj =< Ej >G s_iû|äÇ�uàíõ, I w Ñw2øõ, † Ti

⋃
Tj

ªJ%â½ 7$As‘¥� E∗
i D E∗

j U) E∗
i D E∗

j }�·�Xb‘i

(?) � ./,H¥	, à‹É”-ø‘Jbií¥�, †R�)„ ; ´†.

æÊs‘Jbií¥� Ek D El , …b³�LSíu¦õ� ÛÊI wk D

wl }�Ñ Ek D El ,Þíõ, …us¥�È|Q¡ísõ, yI©Q¥s

õí|s˜�Ñ P 7/ wkw0 ∈ E(P ) �â˛ø, G˛%\}’A¥� FJ

wkw0 .Íu/ø¥�,íi, I¤ u− v ¥�Ñ T ; T .Íux�Xbi,

´† Ek ªJD T ¯Êø– 7�²As‘Xbií¥�� ÛÊ5? T í

¶M¥� T ′ (â u ƒ wk) , ”-í¶M˚Ñu T ′′ , AÍË, wkw0 Ê T ′′ 2�

T
r

T


E
k


E
l

v


w
l


w
0


w
k


u


P


T
r


T


T


Ç 4
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àÇ 4Fý, BbÄez Ek , El , £ T ¹Êø–, Í(y½h}’�

I T 1
r = T

′
r

⋃
T ′′ , T 2

r = T
′′
r

⋃
T ′′ , éÍ, w2ø‘x�Jbi� cq T 1

r x

�Jbi, ku T
′′
r

⋃
T ′′ x�Xb‘i� %¬¥_¥	5(, ŸVí Ek D

El Ñ T 1
r D El F¦H,7…bí|¡�×ªŸVí d(wk, wl)ü (T 1

r ,Þ�

w0 ¥_õ) ; âk¥_>²¬˙.}	àƒw…x�Jb‘ií¥�, F

JªJ./, òƒ²|Vís‘Jbi¥�x�u°íõ, à¤øVÿª

JUà‡Þíj¶, ø…b²As‘Xbií¥�, ìÜ)„� ¥

�7}’í–1, Bby�åõõ«…Çí˛}’�

ìÜ 1.6. ø_©¦ÇÑ«…Çíkb‘Ku G ªJ}’A E1 , E2 , ... ,

En , w2úkF�í 1 ≤ i ≤ n , < Ei > u G 2í˛�

„p.

(⇒)

* G 2M˛“•¹ª�

(⇐)

I Ci = < Ei > , 1 ≤ i ≤ n , L²s_ Ci , Cj , w2 V (Ci)
⋂

V (Cj) 6= ∅
,† Ci

⋃
Cj Ñøc˜,Q-Vy²ø Ck U) (V (Ci)

⋂
V (Cj))

⋂
V (Ck) 6= ∅ ,

./à¤¥	¹ª) G íø_«…c˜� (,Hj¶ªJ./- íÜâ

u G Ñ©¦Ç�) ¥

Ê¥³Ô�zpø-˛í×ü ; yn�«…Çív`, øOBb°<

ÊÇ2�½i,6ÿuBb5?½iÇ ;Ê¥8”-,x�sií˛ (Dou-

ble Edge) 6ÿ|Û7, çÍ, Bb.§Î�¥ší˛� Í7, øO7k, ú

iJ,í˛uªœ§¡C�Ñ7Zkzp, J- ÌJøO˛ (ib ≥ 3) ˚

5�

˛Â½ºQ“¿ (Cycle Double Conjecture)

LSø_³�›í�ÀÇ·ªJvƒø<øO˛ C1 , C2 , ... , Cn ,U

)©_i/ß|ÛÊ.°ís_˛�

¥_“¿iBñ‡Ñ¢EÍÌ¶×)�^í„p, Cu¥WíT|�

.¬{%�A;¬J-í–1 ;ílz©øi·yåøŸ,kuŸÇ‰A

uø_«…Ç�âìÜ1.6ø_«…ÇªJ\}’A˛,ku©ø_iÿ|
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ÛÊs_}’|Ví˛� (?) ¥_„pí¡jÿ|ÛÊ«…ÇF}’|V

í˛ª?}�siF$Aí˛�

BbªJz«…ÇR�B�²Ç, ¥v`í¥�AÍb�j², 7/

bø_, FJ…íb°ÿ}yÖø<�

ìÜ 1.7. I D Ñø�²í©¦Ç� † D Ñ«…Çíkb‘KÑÊ D 2

í©øõ v , odD(v) = idD(v) �

ø°å£�²¥�í}’.y½H�

ìÜ 1.8. D Ñ�²«…Çíkb‘Ku D ªJ}’A�²˛�

T“3. : „pìÜ 1.7� (*)

T“3. : „pJGÑ«…Ç,† L(G).Ñ«…Ç ;7…íLÅH.øìú�

T“3. : Ê-Ç2b ¥Öýin}U)”-í¶MÇu«…Ç�
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2. De Bruijn b�£sÏ½æ

¥ø�, Bbøn�s_«…Ç–1í@à�

ì2 2.1. (de Bruijn Sequence)

ø_�=b� (a1, a2, ..., a2n)˚Ñu (2, n)- de Bruijnb�à‹-�s

_‘KÅ— :

(1) ai ∈ {0, 1} , i = 1, 2, ..., 2n ; /

(2) (aj, aj+1, ... , aj+n−1) , j = 1, 2, ... , 2n , (mod 2n) , Ñóæí 2n _

n &²¾�

W1. n = 1, 2, 3, 5 ; (2, n)-de Bruijn b�}�Ñ (�U, PUôI)

01, 0110, 01110100, 0000100110101111 �

úkF�í nb�Zø_ (2, n)- de Bruijnb�1.˚Ø,J-uh•

bçð N. de Bruijn àV©v¥� b�í�²Ç�

ì2 2.2. ((2, n)-de Bruijn �²Ç, D2,n)

D2,n Ñø‹��²Ç, …Å—-�s‘K:

(1) V (D2,n) = (Z2)
n−1 £

(2) (a1, a2, ... , an−1) ©ƒ (a2, a3, ... , an−1, an) 1/Ê¥_C,#8

‹� (a1, a2, ... , an) �

W2.

100
 110
1100


1000


000
0000


0001


1001


010
 1111


0100


101


1010


0101


001
 0011
 011


0111


0110

111


1110

1101


0010
 1011


Ç 5 : D2,4

âì2, BbªJ„p D2,n Ñø�²í«…Ç�
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ùÜ 2.3. (2, n)-de Bruijn �²ÇÑ«…Ç�

„p.

ÄÑ D2,n Ñ#©¦Ç7/©øõíq�DÕ�ÌÑ 2, ])„� ¥

ùÜ 2.4. Ê (2, n)-de Bruijn �²Ç,í‹�r¶.øš�

„p.

âì2ª)� ¥

ìÜ 2.5. úkF�í n , (2, n)-de Bruijn b�æÊ�

„p.

íl, âùÜ 2.3, ø_ (2, n)-de Bruijn �²ÇæÊ, FJæÊø_«

…c˜ ; ÛÊ, I¤c˜%¬íiÑ e1, e2, ... , e2n ; °vúkF�í

i I l(ei) = ai Ñ ei i,‹�í |˝iµ_bå, kuBb)ø_b�

(a1, a2, ... , a2n) , ¥_b�ÿuø_ (2, n)-de Bruijn b�� (T“6.) ¥

J-íWä6r�Œk7j,Hí„p�

ÊD2,42í«…c˜ªJu

0001

000
 001


0010

010


0100

100


1001

001


0011

011


0000

000


1101

110
 101


1010

010


0101

101


1011

011


0111

111


0110


1110

111
 110


1100

100


1000

(000)


1111


(2,4)-de Bruijnb�Ñ 0000100110101111 ,7…FßÞí 16_.°5²

¾YŸÑ 16_‹�²¾�

De Bruijn b�||±í@àuÊì�2 (Rotating Drum) � …ªJ‚

à©/íP0V‡i.°í�p (œHŸÜ) , à-ÇFý�
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1

1
 1


1


0


1


0


1


1

0
0


1


0


0


0


0


Output = 0101


Ç 6 : ì�2

Çø_|±í@àuâMõbçð�Eë (Meigu Guan)FT|V,(

V J. Edmonds ˚…Ñ2ÅsÏ½æ�

ì2 2.6. (sÏ˜( , Postman Tour)

L#ø_ÇGF‚sÏ˜(uNÊG2íø_¥£¥W (Closed Walk)

, …¦¬ G 2í©ø_iBýøŸ�

ì2 2.7. (|7ísÏ˜( , Optimal Postman Tour)

Êø_‹�Ç2, ø_sÏ˜(F%¬íi‹�,¸Ñ|üv, Bb

˚¥˜(Ñ|7sÏ˜(�

¥_½æõV�}µÆ� ÄÑF5?íÇ—N“,Í7,ÊT|¥_½

æ (©v|7sÏ˜() 5(.ƒ��, ¹ â Edmonds ¸ Johnson Fj²,

FbTX7ø_Öá�vÈ (Polynomial-time) íÆ�¶Vv||7˜(�

Ê³��ÜÆ�¶5‡, Bblõø_Wä� Ê G 2� 4_Jõ, Û

Ê‚à¥ 4õ�Zø_‹�í K4 , Êi,í‹�ÑsõÊ G 2í|s�

× (‹�) �QOÊ K4 2vƒ.ó¹ísi (ºú) U)

a
 d
 g
1


3

3
 10


4
 2


1
 5
 6

2
 4


e

b
 h


c
 f
 i


G


2


b
K
4


f


d


h


4
 4


3
 10


8


7


…bí‹�¸|ü, ¤W2í bf ¹ dh , |(yøŸÇ GZÑ G∗ , à

Ç7, G∗ í«…c ˜¹ÑF°�
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a
 d
 g


e

b
 h


c
 f
 i


G*


Ç 7 : |7sÏ˜(

Æ�¶ (Edmonds £ Johnson) (¿b)

1. I S Ñ G 2JõFAíÕ¯�

2. ‚à S íõ�Zø_‹�êrÇ K|S| , ab i,í‹�Ñâ a ƒ b

í|s�× (‹�˜�) �

3. Ê K|S| 2²|
|S|
2
_Ö
i, U)…bí‹�,¸Ñ|ü�

4. ú@k 32íÖ
i, øF%¬íi (|s˜�) r¶‹,ó°‹

�íi�

5. â 4F)ƒíÇ5«…c˜¹ÑF°�

„p.

3ív¶uÖá�vÈ, FJ¥_Æ�¶6u, Ì�„pÊ¤ôI� ¥

w…jÞ,�.ý@à, WàÊ£Y˜(íé§, b5šW�n|ô

%‘ ;Ê RNAí½ jÞàS‚àÒi’mV)ƒêcí RNA ;J£Ê

’mf]jÞàS){ny�^0Ëz’e[Û|V,·ªJ‚à�²í

«…ÇV®ƒñí ;âk¹ó�ÌÊ¤ôI,~AW¡5â Gross£ Yellen

FŸíz ”Graph Theory and its Applocation”�

41



3. é��âÇ (Hamiltonian Graph)

ø_é��â˛u¦¬Ç,F�õí˛,7x�é��â˛íÇ˚Ñ

ué��âÇ (Hamiltonian Graph) �¥�Ç�¤±åWzuÄÑ=�•b

çðé��â�=Ê 1857�êp7ø�=Y0äíYj ; …uÊøgƒ

`í£�ùÞñí 20_ir/pçvO±í 20_·
,àOá�Ò��...�

�, Í(é¡‹Yj6L<âø_·
|ê, Ê. ½º·
í8”-•ê

r¶·
1�ƒ–õ� (Ç 8)

Ç 8 : £�ùÞñ

.d«…c˜í©vµó�«,²ìø_Çu´Ö�é��â˛uÝ

�˚Øí½æ�c�Ç�çðÊøìÖ�V.iË›‰,ñ‡EÍTGÊ

TXx�é��â˛ík}‘K, 7Ì¶…•|é��âÇ� Bbl*‡

iø _Ç.ué��âÇÇá�

hô

âké��˛b¦¬Ç,íF�õ, FJ©_õBýbíƒs_i ;

Ä¤ (1) à‹��bÑ 2íõ, †DvõóQ ísiÿ…ÌO½u˛,í

si,ku\G¥<i,y./õÛbµ<i ;¤v (2)F‹píi.?¸

-%�íi$Aø_F�õ .ƒr¶í”ü”˛, °v (3) øOø_õíË

¡-%üì�siu.bíi, †wìíi·ªJt �

J,í (1) , (2) , (3)AÑu‡iø_Ç….Öé��â˛íø_�À

j¶, .¬ç©_õí�b·.üv, bà,H¶E�óç×íØ��

W1. ‡i-Çu´x�é��â˛� (T“7.)
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Ç 9

Q-V,Bb«nBóšíÇ}�é��â˛,òg,,à‹Ç2í©

ø_õ�b·.ü, †|Ûé��â˛í œ}ÿªœ× ; FJ, Ê 1952

Dirac ¹„p7J-íìÜ�

ìÜ 3.1. ç p ≥ 3v,ø_ põí�ÀÇ2,à‹©_õí�bBýÑ p/2

, †¥_Ç2�é��â˛�

¥_!‹Êb�(\ Ore íìÜF°Q , Ê¥³ÿú Ore í!‹T

ø�bí}p�

ìÜ 3.2. (Ore , 1960)

Êø_ põí�ÀÇ G2, p ≥ 3 ,à‹úk.ó©íL<sõ uD v

degG(u) + degG(v) ≥ p , † G Ñé��âÇ�

„p.

cqìÜ.ú�†øìæÊø_”×íÝé��âÇ G ,…Å— G2

.ó©íL<sõ5�b¸BýÑ |V (G)| , °v, Éb‹pLøi uv , †

G + uv Ñé��âÇ�ku G 2.æÊø_ u− v ˜� …¦¬F�íõ :

u = v1, v2, ... , vp = vÛÊ5?D uó©íõÕ¯ NG(v1) ;à‹ vi ∈ NG(v1)

, † vi−1 .Í.D vp ó©, ´† (v1, v2, ... , vi−1, vp, vp−1, ... , vi, v1)

Ñ G íø_é��âÇ, Dcqpe� Ou, ÄÑç deg(v1) Ñ t v, †

deg(vp) ≤ (p− 1)− t , FJ degG(v1) + degG(vp) = degG(vu) + degG(vv) < p , ¥
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¢Dcqpe, FJìÜ)„� ¥

¥�5?.ó¹sõ�b¸í–1, (V¢\ Bondy D Chvatal ê±

m×AÑÇø$�íìÜ�íl, Fb õ7J-íÛï�

ìÜ 3.3. I u D v Ñ G 2ís_, …b.ó¹7/�b¸.ük |V (G)|
� † G + uv Ñé��âÇíkb‘K u G Ñé��âÇ�

„p.

(⇐)

éÍú�

(⇒)

à‹ G .ué��âÇ, 7/‹ª uv ÿu, µó, °,„p.Í)ƒ

pe, FJìÜ)„� ¥

�7¥ší–1, Fbyªø¥ùªÇí£Õ (Closure) ¥_–1�

ì2 3.4. (Graph Closure)

ø_ G …í£Õ C(G) , Ñ G íø_�Ç, …u%â.iË‹p.ó

¹sõ u , v F$AíiF$A, Éb¥sõí�b¸.ü k |V (G)| �

W2.

K
6


u


v


Ç 10

M)øTíu,H C(G) íì2ußí (well-defined) , ….}¨Aâ

ø_ G 7¨|V.°Zí G1 D G2 � y‹,ìÜ3.3 , Bbø−�

ìÜ 3.5. G ué��âÇJ/ñJ C(G) Ñé��âÇ�
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T“8. : „p C(G) íñø4�

ÇÕ,âÇ 10,BbêÛƒ|˝Çí£ÕuêrÇ,7êrÇéÍué

��âÇ,kuJ-íùÜÿßÜAıAÑé��âÇæÊík}‘K5

ø�

ùÜ 3.6. I G Ñø_Bý 3õíÇ, †ç C(G) ÑêrÇv, G Ñé��

âÇ�

¥_ùÜ|AÍí@àuìÜ 3.2, ÄÑµ�Çí£ÕuêrÇ, °v

…6ÖQ7�˛F�ÊµvHFT|ík}‘K ;yøŸ,BbêÛ£ü

í–1FßÞí^‰�Ö×� Ou.ª´wíuìÜ 3.2TX7ø_óç

Ô�í„pxÍ� J-, Bby‡ú�bíl�T|ø_.øšík}‘

K�

ìÜ 3.7. (Posa , 1962)

Êø_x� p (≥ 3) õíÇ G 2, à‹úkF�í 1 ≤ j ≤ p/2 , �b

.�¬ j íõbük j , † G Ñ ø_é��âÇ�

„p.

cq GÑÅ—-ø‘K,Ouib|Öíø_Ýé��âÇ�éÍ, G

.uêrÇ ; I V (G) = {v1, v2, ... , vp} , / v1 D vp Ñ.ó¹íõú2

degG(v1) + degG(vp) Ñ|×ísõ, °vI deg(v1) ≤ deg(vp) �

âk G + v1vp ué��âÇ, FJ°ìÜ3.2í–1,

degG(v1) + degG(vp) ≤ p−1 ,Ä¤ degG(v1) ≤ p−1
2
�|(,Bbyhô.¸ vp

ó¹õ uí�b� (¥�õBý� degG(v1)_)ÄÑ degG(v1)+degG(vp)u|

×M,FJ degG(u)+degG(vp) ≤ degG(v1)+degG(vp) ,?¹ degG(u) ≤ degG(v1)

�FJ,�b.�¬ degG(v1)íõBý� degG(v1)_,¥Dcqpe ;ìÜ

)„� ¥

D�bóÉíkb‘K´�ø<, J-c�|!‹, „pôI�

ìÜ 3.8. (Dirac)

I G Ñø_Ç,  ¥ G 2íL<õ·.}U G AÑ.©¦Ç (2−©
¦Ç) � à‹ G í|ü�bu d , † G 2.ìÖ� ø_Å�.ük 2d í

˛�
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R� 3.9. (Nash-Williams)

õbÑ 2r + 1 í r-£†Ç.Ñé��âÇ�

ìÜ 3.10. (Jackson)

õb.�¬ 3r í 2-©¦ r-£†Ç.Ñé��âÇ�

Î7à�bíÉ[V‡ié��âÇíæÊ4,J-y�Üø_.ø

šík}‘K�íl, BbÛbs_ì2�

ì2 3.11. (©¦b , Connectivity)

ø_Ç G í©¦b κ(G) = min{|S||S ⊆ V (G) / G− S Ñ.©¦Ç} �

ì2 3.12. (Ö
b , Independence Number)

ø_Ç GíÖ
b β(G) = max{|S||S Ñ G2˛¤.ó¹íõÕ¯} �

ìÜ 3.13. (Chvatal D Erdös)

I G ÑBýúõíÇ/Å— κ(G) ≥ β(G) , † G Ñé��âÇ�

„p.

ç β(G) = 1v, GÑêrÇ,ìÜéÍA
�ÛÊcq β(G) ≥ 2 ,ku

κ(G) ≥ 2 , G2.Öø˛� cq C ÑÅ�|×í˛7/ C 1³�¦¬r¶

íõ� (.Í-)„) � I H Ñ G−C 2íø_¶},7/v1, v2, ..., vk ∈ V (C)

¸ H 2íõ�ió©� ¥v` {v1, v2, ... , vk} 2íõ³�s_}u C

ó¹íõ ; ÄÑ, à¤øV, BbÿªJv ƒø_y×í˛� y5?Ê C

2QÊ vi (Þíõ wi , éÍ wi 6.?¸ H 2íõó¹ (?) , °v

{w1, w2, ..., wk} Ñ ø_˛¤.ó¹íõÕ¯� ´†, cq wi ∼G wj , Û

Ê (C \ {viwi, vjwj})
⋃

(vi ∼ H ∼ vj path )
⋃{wiwj} (Ç11) , †)ƒø_y×

í˛� .Oà¤,I hÑ H 2íLøõ, {h, w1, w2, ... , wk}6uø_Ö

Õ�¥[ý β(G) ≥ k +1 � Ou G−{v1, v2, ... , vk}Ñ.©¦,FJκ(G) ≤ k

, ¥Dcqpe� Ä¤ C @v¦¬ G 2ír¶õ, ìÜ)„� ¥
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Ç 11

¥ø�í|(, BbyVõø�¡‚ê�|Ví¹�ÉÍ� !…,u

5?.ó¹sõ…b¹�í>Õ�

ìÜ 3.14. (Faudree , Gould , Jacobson ¸ Schelp)

I G Ñø_ ¥LSõE&M©¦ (2-©¦) íÇ� à‹úk G 2.

ó¹íLSsõ u D v ·Å— |NG(u)
⋃

NG(v)| ≥ 2(|V (G)−1|)
3

, † G Ñé�

�âÇ�

„p.

~¡5 JCT (B) 47, 1989, pp. 1-9. ¥

¥_!‹uóçß (Sharp) í!‹, 3Kn ∨ K2 ÿuø_Ý�Q¡¥‘

K (Ïøõ) íÇ, Ou….uø_é��âÇ� .¬, ³Ö˝,HìÜ\

R�ƒ n-©¦Ç (κ(G) ≥ n) �

ìÜ 3.15. (Fraisse , JGT 10 (1986) , pp. 405-409.)

cà Guø_ n-©¦Ç,°vúk G2íLø_õb t (≤ n)íÖ


Õ S , îÅ— |N(S)| ≥ t(|V (G)| − 1)/(t + 1) A
, † G Ñé��âÇ�

ìÜ 3.16. (Lindquester , JGT 13 (1989) , pp. 335-352.)

cà G uø_ 2-©¦Ç, °vúk G 2�×Ñ 2ísõ u D v ,

|NG(u)
⋃

NG(v)| ≥ 2(|V (G)| − 1)/3 A
, † G Ñé��âÇ�

§ƒ�×Ñ 2õíÉ[(Vó.�<×Ðç6TX|yÜ;ík}

‘K, Ê¤.ÖÅH ; .¬ÊìÜ 3.165‡˛%�ø_ß!‹}£�× 2

õí‘K�
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ìÜ 3.17. (Fan , G.H. , JCT(B) 37 , pp. 221-227.)

cà G uø_ 2-©¦Ç°vÅ—úkF��×Ñ 2ísõ u D v ,

max{degG(u), degG(v)} ≥ |V (G)|/2 , † G Ñøé��âÇ�

,HFT£ n-©¦Ç, BbÊ-øıyÌ��Ü…bí4”�

T“9. : úk…�FT|5k}‘K, ®ÔøWzp, 1ÝF�íé��

âÇ·ÛbÅ—v‘K�
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4. é��âÇíóÉ½æ

ílBb�ÜÇíŸj�

ì2 4.1. (Power of Graphs)

Gk = (V, E) w2 V = V (G) , E ÑÊ G 2F��×.×k k íõúF

AíÕ¯�

Wà : ò�Ñ2íÇ G , G2 ¹ÑêrÇ�

ÊÇ�2, J-íìÜ|ou}�â Plum £ Nash-William FÖ
“

¿í!‹�

ìÜ 4.2. (Fleischner , JCT(B) 16 , 1974 , pp. 29-34.)

cà G uø_ 2-©¦Ç, † G2 Ñé��âÇ�

„p. : (T“10. (?))

,ÞíìÜ(V�7œ�Àí„p, 6r56ªJttõ� ¥_ìÜ

à¤.ý, J-í!‹uâ Thomassen FTX�

ìÜ 4.3. I GÑø_BýúõíÇ,† G2 D G
2
s65ø.�ø_ué

��âÇ�

„p.

à‹ G u 2-©¦Ç, †âìÜ 4.2, G2 ué��âÇ, ìÜ)}� 7ç

G Ñ.©¦Çv, (G)2 = K|V (G)| (G íò�Ñ2) , 6³�˚Ø ; FJ, |(

5?ç G D G ·u©¦Ç7/ G 2�ø~õ (Cut-Vertex) � I v Ñ G í

~õ, ku (G)2 − v = K|V (G)|−1 , ÛÊ, (G)2 2 v í�bBýÑ 2, FJ G
2

Ñ é��âÇ, ìÜ)}� ¥

õÒ,, ìÜ 4.2ªJ×)ªø¥í^ò�

ìÜ 4.4. (Sekanina , 1960)

à‹ G ÑBý 3õí©¦Ç, † G3 Ñé��âÇ�

„p. (ôI) �

Î7õŸå, Bb6ªJ5?Ö½iÇ�

49



ì2 4.5. Ln(G) = Ln−1(L(G)) , n ≥ 2 �

ìÜ 4.6. (Chartrand £ Wall , 1973)

à‹ G ÑÅ— δ(G) ≥ 3 í©¦Ç, † L2(G) Ñé��âÇ�

„p.

âk δ(G) ≥ 3 , FJÊ L(G) 2íLøi·}rÊ/ø_úi$,,

FJ L(G) Ñ 2-©¦Ç, °v L(G) 2í©ø_õ �bBýu 4� Ä¤Bb

ªJÊ L(G) 2vƒø_%¬F�õí¥£¥� (?) , I¥_¥�Ñ T :

e1, e2, ... , en , e1 ú@k L(L(G)) 7k, ¥_¥£¥�ªJú@|ø_˛,

Í7….øì}¦¬ L2(G) íF�õ� J-uòQvø_ L2(G) í é�

�â˛íj¶� lõ e1 = v1v2 , 5?D v2 ó¹Ou³�\²ƒ T 2íi�

ÛÊø¥<iMø‹p (Ê L2(G) 2, ¥<i$Aø_êräÇ) ; Í(y

õ e2 = v2v3, ... � ¥_¥	|(ªJz L(G) 2íi·[p T 2, ú@k

L2(G) ¥_Ç, ¥uø_é��â˛�

R� 4.7. (Chartrand)

Éb G .u˜�í©¦Ç, .ìæÊø_AÍb n , U) Ln(G) Ñø

é��âÇ� (T“11.)

ÊiÇDé��âÇíÉ[,, J-í“¿@vu|O±íø_�

“¿ 4.8. (Thomassen)

cà L(G) u 4-©¦, † L(G) .Íué��âÇ�

T“12. : à‹ G ¸ H ·ué��âÇ, † G × H øìué��âÇý?

(j„5í��)

T“13. : „p Qn (n-cube) Ñøé��âÇ�
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5. é��â˛í:Õ

Ê¥ø�Bb«�ø_ÇÊBó8”-x�s_Cs_J,³�u

àiíé��â˛�

ìÜ 5.1. Ê Kp 2æÊ bp−1
2
c _i�½ (Edge-Disjoint) íé��â˛�

„p.

I V (Kp) = Zp ,† (0, 1, 2, p− 1, 3, p− 2, 4, p− 3, ... , dp+1
2
e)Ñøé

��â˛�QOI i = 1, 2, ... , bp−1
2
c − 1, (0, 1 + i, 2 + i, p− 1 + i, p− 2 +

i, 3 + i, ... , dp+1
2
e+ i) (mod p) 6·ué��â˛, ìÜ)}� ¥

ìÜ 5.2. Ê Kp,p 2æÊ bp
2
c _i�½íé��â˛�

„p.

I V (Kp,p) = Zp×Z2 ,† C(1) = ((0, 0), (0, 1), (1, 0), (1, 1), (2, 0), (2, 1), ... ,

(p− 1, 0), (p− 1, 1))Ñøé��â˛� I C i = ((0, 0), (2(i− 1)+1, 1), (1, 0),

(2(i− 1) + 2, 1), (2, 0), (2(i− 1) + 3, 1), (3, 0), ... , (p− 1, 0), (2(i− 1), 1))

(mod p) , i = 2, 3, ... , bp
2
c � ¥

Ñ7ñq7j,Hs_ìÜ, J-}� p = 7 ÑW, åÇzp�

1


6


5


4


3


2


0


1
 1
 2
 2
 3
 3
 0


0
 1
 1
 2
 2
 3
 3


3
 0
 1
 1
 2
 2
 3


3
 3
 0
 1
 1
 2
 2


2
 3
 3
 0
 1
 1
 2


2
 2
 3
 3
 0
 1
 1


1
 2
 2
 3
 3
 0
 1


K
7
 K
7,7


(i, j) P0H[i (i, 0) ∼ (j, 1)

âk‡iu´æÊø_é��â˛-%uÝ�˚Øí	T,;b²ì

ø_ÇÊBó8”-}�Ö_i�½íé��â˛ÿy.ñq7,ÝB;

b ø−�³�s_.øšíé��â˛·.uøKñqí9�
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“¿. JuÊø_4-£†Ç2æÊø_é��â˛, †.æÊÇø_

.øšíé��â˛�

J-�Üí–1TX¥_“¿í£Þ4�

I GÑøÇ,…íõÕ¯Ñ Zn ,7…íiÕ¯,†Ñâsõ (b)í�

=�× (Cyclic Distance) Ñ 1 C 2 íiF$ AíÕ¯� (G 6ªJà C2
n [

ý�)

W.

0


1


2


3


4


5


6


7


G


Bb.ØêÛÊWä2, GªJŸAø_é��â˛£s_ 4-˛í:

Õ, °v6ªJŸA C6

⋃
C5

⋃
C3 £ C8

⋃
C8 (?) � Ä¤J-íìÜÿ.}

ØØ;d�

ìÜ 5.3. C2
n ªJŸAø_é��â˛£ø_b© 2-£†Ç H í:Õ,w

2 H 2í˛, ibªJãlNì� (n ≥ 5)

„p.

ílzõ}As ,à-Ç�(l5? nÑXbí8”�)BbYŸz H

FNìí˛l²|V, àÇ2éý 3, 4, 5, ... , ku ”-í¶M6u 2-£

†Ç, âk…\M©¦4, FJuø_é��â˛�Bk n uJbv, }p

¶óN� ¥

0
 2
 4
 6
 8


9
7
5
3
1


n-2


n-1
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‡Þ�Üí Cyclic Distance , Ê ¯ql (Combinatorial Design) íû

˝2¦�JÏM (Difference) í$�|Û�

ì2 5.4. ÊJ Zn ÑõÕíÇ2, i D j íÏM (difference) ì2Ñ

d(i, j) = min{|j − i|, n − |j − i|} �F�J D ⊆ {1, 2, ... , bn
2
c} íjÖÑÏ

MíiFÞAíÇJ G[D] [ý�

W.

G[{1, 2}] = G[1, 2] = C2
n , G[{1, 2, ... , bn

2
c}] = G[1, 2, ... , bn

2
c] = Kn �

J-u�_�ÉÏMíÔ4� ((k, n) H[ k D n í g.c.d.)

ìÜ 5.5. ç (k, n) = 1 v, G[k] Ñøé��â˛�

ìÜ 5.6. ç (k, n) = d v, † G[k] u d _Å�Ñ n/d í˛FAí:Õ�

ìÜ 5.7. ç 1 ≤ k1 < k2 < bn
2
c , 7/ (n, k1, k2) = 1 ív`, G[k1, k2] ªJ

[ýAs_ i�½é��â˛í:Õ�

„p. (T“14.)

T“15. I k < bn
2
c �}p Ck

n ªJ}’A k _é��â˛�

T“16∗. }p Km(n) ªJ}’Aé��â˛íkb‘KÑ©_õîÑX

õ�
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6. R�º½æ (Traveling Salesman Problem)

Êé��âÇjÞ, |�±í@à½æÝR�º½æl˘� …ubv

ø_|ZííëWj�, ƒ¬Fl•‡%í©ø_Í
5(, y�ƒ ŸT

;âké§ëWW˙í.°,FI‘í%‘AÍ}�F.°,yS”FUà

vÈ6}.øš, J-, Bbà‹�Çíj�V[ýR� ºFbÂ½íÍ


, J£Í
DÍ
5ÈëWFÛbí‘à ; ñ™ubvƒø_é��â

˛VTÑFëWí¬˙,7ÊÇ,í‹�,¸†Ñû˝íúï,�ü�ß�

âkn�íÍ
·ubŒÂíÍ
, FJ‹�Çí�Ç (Background

graph)ªJé…uø_êrÇ ;Bb°vcq (i)à‹Í
BDÍ
ıÌ

˜ª¦, †‘à‹�Ñ +∞ , (ii) âBƒıFÛ‘à�kâıƒBí‘à�

¥_½æ, J-�˚ TSP , |oÊ 1943 �vâ Whitney ílT|

V…í½b4Ê OR 2 (Operation Research) .iË\T|V, òƒ 1954

�, Dontzing , Fulkerson £ Johnson �7ˇú, …búk1Åí 49 _½

bíÍ
TX7ø_�¡ê1í��, Fb.Oàƒ7 Ç�íh1, 6

àƒ7(4d•2cbd• (Integer Programming) , |3bís_	xu

Branch−and−Bound £ Cutting Planes � ƒ7 1980 �, Crowder £ Padborg

�7y½×íˇú, Fbvƒ7Q¡|7��í 318 _Í
, øuI7 6

} 7˛�BkK‰�ËzF�ª?í˜(·ªœ¬øŸíj¶, ÿu©

” ?d 10 hŸ, Bý6bI, 10639 �í!¥sPç6`õ.IAl6,

FbÎ7,HT£í Branch−and−Bound5Õ,¢àƒ7 Facet-defining In-

equalities �

¥ø�2, 3b�Ü�_.˜íÆ�¶, JvÈ, I‘‰−í5?, …

b·u”óçß”íj¶�

Bb-%ø− TSPuø_ NP-hardí½æ,FJbvƒø_|ß (Op-

timal)í��"Ýq9,«wuÊõb'Öív`,yu˚Ø� Ä¤,úkâ

ø_Í
ƒ-ø_Í
@vàS²Ï, ÿbêµû˝6í;d‰7� øO

7k, *ªœª?í�_²Ïvø_Í
Í(./-  u‘Ê.W, 6r

.c)})ƒ�� (|ßí) ,Ou,ı�à¤²ÏªJ®ƒóçßí^‹�

¥øéÊ�_ªœª?í8”-./²Ï ø_d- íj¶øO˚Ñu
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óê�íÆ�¶ (Heuristic Algorithm) �¥�Æ�¶ª?°.||ij, O

u, 'ìªJÊªœsívÈ q²ƒø_”.˜”í��� J-ÿTXú_

¥�é�í�¶, ��ín�Ê¤ôI�

Æ�¶ A : (|¡¹�¶ , Nearest Neighbor)

²Ï|¡Ouþ„ ¬íÍ
�

Æ�¶ B : (sIc¶ , Double Tree)

(1) l°|üíb©c (Minimum Spanning Tree , MST) �

(2) z,H)ƒícØ×øI (iåsŸ) �

(3) ‚àÇ2í«…c˜y‹,v¡�í–1°)é��â˛ (¡5

Ç 12) �

(¹�¬«…c˜-%¦¬íÍ
�)

Ç 12 : Ib¶

Æ�¶ C : (cDºú , Tree and Matching)

(1) vø_ MST , T �

(2) v|â,H MST íJõFû|íäÇ H �
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(3) Ê H 2vƒø_êrºú M …í‹�,¸Ñ|ü�

(4) z M íi‹ƒ T ,, ku)ƒ T ∗ �

(5) ‚à T ∗ 2í«…c˜vƒé��âÇ�

TSP í‰“$��'Ö, ¨�vƒ|síé��â˜� (¦¬r¶õ

í˜�) , c˜ql, Wš˜(é§, 	Té§, ... �, ·u°é�í½æ,

¥6yoé¥_½æÊ@àä�,íõàgM�

T“17. : úk,Híú_Æ�¶®v|ø_WäVzp…bª?)ƒ'

.ßí���

T“18. : t°Êø_ 10õíêrÇ2.°íé��â˛ (s˛Bý�ø

i.øš) �
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