
�øı !…4”

1. Çíì2

ø_Ç G uø_åú (V, E) , w2 V Ñø_õÕ¯, 7 E †Ñ 2V í

ø_¶}½Õ (muti-set) , ¥³í 2V H[F� V íF�¶MÕ¯F$A

íÕ¯�

W 1. V = Z5 , E = {{1}, {1, 2}, {1, 2}, {0, 2, 3}, {0, 3, 4}} �

W 2. V = Z , E = {{1, 2, 4}+ i|i ∈ Z}�

W 3. V = Z10 , E = {{i, j}|i, j ∈ Z10 / |i− j| = 1}�

Ñ7jZõ, BbªJzø_Çå|V:

1. õL<Ö ;

2. ¨Öø_õíiåø_C˛ (loop) , ¨Ös_õíi†àø‘(¨

©Qvsõ, ¨Öú_õJ,íi†àø_�Àí¥£�(ø(,

íõ¨�Êq�

-ÇÑ,Þ�ø_Wäíå¶�
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4


0


Ç 1 : W 1
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ç V Ñ�ÌÕ¯vø_Ç G = (V,E) ˚Ñu�ÌÇ (Finite Graph) ,

´† G ÑÌ¤Ç (Infinite Graph) � Q-Vyõ E , ç E 2íiñr�ú

_ CyÖ_õv, ¤Ç˚Ñu�Ç (Hypergraph) , .ÍÿuøOÇ (Gen-

eral Graph) � Êø_øOÇ2,à‹s_õñr�½µíió©,†¤Ç˚

Ñ Multigraph½iÇ;à‹ø_õ,ñrC˛æÊ,†¤ÇÑ¡Ç (Pseudo-

graph) � .Ö½i£CíÇB b˚5Ñ�ÀÇ (Simple Graph) �

ÎÝuÊ�Çíµøı2,wFı�Fn�íÇ·uJøOÇÑúï�

Ñ7úÇ�ø<!…íw…,Ê�øı2Î7n��b�ÕFn�íÇ·

u�ÀÇ, kuÇíì2ªJ^òà- :

ì2 1.1. (�ÀÇ)

ø_Ç GÑø_åú (V, E) ,w2 V ÑõÕ¯,7 E Ñø< V íùj

äÕF$AíÕ¯� Ñ7jZ·H G , V (G) H[Ç G íõÕ¯, 7 E(G)

†H[Ç G íiÕ¯�
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2. äÇ (Subgraph)

!…,, G íäÇH[O G íø¶M ; Ä¤, à‹ H = (V ′, E ′) Ñ

G = (V, E) íäÇv, H[ V ′ ⊆ V , 7/ E ′ ⊆ E , ¥ÅH6uäÇíì2�

WàÇ 3¹ÑÇ 2íø_äÇ� ¥¬V˚ G Ñ H íØkÇ (Supergraph) �

1
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Ç 2 : Petersen Graph (P )

1


2


3
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7
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1
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Ç 3 : P íø_äÇ

éÍ,”äÇ”íÉ[¸”äÕ”íÉ[·x�¶Må (Partial Order) í4

”,7/Lø_ GíäÇ·ªJ%â ¥õC ¥i7×),.¬,”É”‚

à ¥õíj�ÿ.øì7” (?)�

ì2 2.1. I e ÑÇ G = (V, E) 2íø_i, ?¹ e ∈ E , † G − e =

(V,E \ {e}) �

ì2 2.2. I v ÑÇ G = (V,E) 2íø_õ, ?¹ v ∈ V , † G − v =

(V \ {v}, E ′) w2 E ′ = {e|e ∈ E / v .˘k e} �
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ì2 2.3. Bb˚ H Ñ G íø_û|äÇ (Induced Subgraph) à‹ H ª

Jâ G%â ¥õíj�×) ;à‹ G = (V, E) , 7 ¥íõFAíÕ¯

Ñ S ′ , † H ªà < V \ S ′ >G [ý, Cu < S >G , w2 S = V \ S ′ �

*¥_ì26ªJõ|, H !…,u‚à S 2íõF�Z|VíÇ,

7…Fàíi6ÿu G íi, FJ6ªJz H uâ S ÞA (Generate) í

Ç� M)·<íu, äÇ.øìbà,Híj�ßÞ, WàÇ 3ÿ. uÇ

2íû|äÇ�

,HíÇuâõÕ¯F$A, Bb6ªJàiÕ¯VÞAø_Ç�

ì2 2.4. I G = (V, E) ÑøÇ, E ′ ⊆ E � † H ˚Ñu G íiû|äÇ

(Edge-induced Subgraph)J/ñJ H = (V ′, E ′) ,w2 V ′ = {v ∈ V |v u e′ 2

/øiíõ } � H 6ªJ[A < E ′ >G �
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3. õí� (Degree)

ÊÇ G = (V,E) 2, à‹ e = {u, v} ∈ E , †Bb˚ u D v ó¹Có©

(adjacent) , u (C v )D eóQ (incident) ;à‹ e1 , e2 °vD vóQ,Bb˚

e1 D e2 uóQíi�Ñ7jZ–c, ó©íísõ u , v ¦�J u ∼G v [

ý� M)øTíu¥³í” ∼ ”1.uø_�gÉ[� Ñ7jZ[ý {u, v}
øO6ŸA uv �

ì2 3.1. (¹� Neighborhood)

ÊÇ G 2, õ v í¹� NG(v) ÑF�D v ó¹íõFAíÕ¯, ?

¹ NG(v) = {u|u ∈ V (G) / u ∼G v} ; Ñ7 jZ–c, Bbà NG[v] H[

NG(v)
⋃{v} �

ì2 3.2. (�C�b , Degree)

ÊÇ G 2, õ v í� degG(v) = |NG(v)| , ?¹F�¸ v ó©õí_b�

ìÜ 3.3. (Ç��øìÜ)

2|E(G)| = ∑
v∈V (G) degG(v) �

¹ø_Ç2F�õí�í¸�kibísI�

R� 3.4. ÊL<Ç2x�Jb�íõ (Jõ) .�Xb_�

ì2 3.5. ø_Ç G íñ	 (Volume) Ñ
∑

v∈V (G) degG(v) �

,Híì2õ–V�<J%,.¬……¡�SDÇ�í�×� (Ì�í

·HªJ¡5ÀYÌ`¤FŸí Spectra Graph Theory. )

ø_Çà‹…í©_õ·�ó°í�b, †vÇ\˚Ñu£†Ç

(Regular Graph) ; à‹©_õí�bÌÑ r , †¤Ç¢ ˚Ñu r-£†Ç

(r-regular) , r òQ˚ÑuvÇí� (Valency) �

R� 3.6. J r ÑøJb, †Lø_ r-£†ÇÌ�Xb_õ�

ÊÇ G 2, |V (G)| ˚Ñu G í– (order) , 7 |E(G)| †Ñ G í×ü

(Size) � ku, Bb.Ø õ|–Ñ p íÇ G , …í×ü|×Ñ

(
p

2

)
, Ê¥

_8”-, G 2íL<sõÌ�ió©, ¥šíÇ6˚Ñux� p õíê
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rÇ (Complete Graph)J Kp [ý5� ¥¬V,ø_õ�b|üÑ0,¥ší

õ˚Ñu‚
õ (Isolated Vertex) �

ìÜ 3.3£R� 3.4ÌÑ'�Àí4”, Í7, ÊÇ�2ºrÆOÝ�

ÜùAíiH� -Þí!‹ªJàV„p|±íìõìÜ (Fixed Point The-

orem) �

I A , B , C }�Ñøúi$íú_Ýõ, °vÊ A , B , C ,}�™

, 1 , 2 , 3 �Í( L<Ê ∆ABC íi,£q¶L<[põ, °v©QA·

uúi$í–� (Ç 4) � ÛÊdìÊ AB ,íõ™ý 1 C 2 , BC ,íõ

™ý 2 ,3 , CA ,íõ™ý 1 C 3 , Bkq¶í õ†L<™ý 1 C 2 C 3 �

BbªJ„pÎ7 ∆ABC ¥_úi$Õ, ÇÕ´æÊø_œüíúi$,

… íú_Ýõ™ýíbåîóæ, 6ÿu 1 , 2 ,3 î|Û� (T“ 1.)

1


1
 3


3


1

3


2


2


2
 3


A


B
 C


Ç 4

T“2. zpìõìÜ�

T“3∗. ‚àT“1í!‹}pìõìÜ�

T“4. I ∆(G)H[ Gíõ2|×í��}pL#_Ç G ,.ìæÊø_

G íØkÇ G̃ , G̃ Ñ ∆(G)-£†Ç, °v |V (G̃)| ≤ 2|V (G)| �
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4. Çí«� (Graph Operations)

‡ÞFTƒí ¥øi, C ¥øõ, !…,ÿuø�«� (Opera-

tion) , J-Fb�Üí uøs_Ç[Êø–�

ì2 4.1. (:Õ)

G1 = (V1, E1) D G2 = (V2, E2) í:ÕJ G = (V,E) [ý, w2 V =

V1

⋃
V2 , E = E2

⋃
E2 �

ì2 4.2. (>Õ)

G1 = (V1, E1) D G2 = (V2, E2) í>ÕÑ (V1

⋂
V2, E1

⋂
E2) �

ì2 4.3. (}’ Decomposition)

Bbz G1, G2, ..., Gt Ñ G íø_}’, à‹-�í‘KÅ— :

1. úkF�í i ∈ 1, 2, ..., t , V (Gi) = Vi ⊆ V ;

2. E(G1)
⋃

E(G2)
⋃

...
⋃

E(Gt) = E(G) ; £

3. úk 1 ≤ i 6= j ≤ t , E(Gi)
⋂

E(Gj) = ∅ �

ì2 4.4. (µ�\	 , Cartesian Product)

I G D H Ñs_Ç, G D H íµ�\	Ñ G × H = (V, E) , w2

V = V (G)× V (H) , E = {{(u, x), (v, y)}|u ∼G v / x = y C u = v / x ∼H y}
�

øOzƒs_Çí
	Níÿu¥�
	�

W 1 : n &j) (n-cube)

n = 1

K2 = Q1
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n = 2

K2 ×K2 = Q2

n = 3

Q2 ×K2 = Q3

n &j) (n-cube)

Qn = Qn−1 ×K2 �

n &j)x�'ÖÔ�í4”, w2ø_u…íõÕ¯ªJà Zn

2 V

[ý, 7/sõó© íkb‘KÑsõíè™/�ø_P0.ó��

W 2 :

0
0
0
 0
0
1


1
0
0
 1
0
1


1
1
0
 1
1
1


0
1
1
0
1
0


W 3 : K3 ×K3
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W 4 : P4 × P3 = L3,4

=
 x


=


(
 
L

3
,
4

 
)


ì2 4.5. (sÇó© , Join)

s_.ó>íÇ GD H ó©5(F)ƒíÇÑ G∨V = (V, E) ,w2

V = V (G)
⋃

V (H) , E = E(G)
⋃

E(H)
⋃{(u, v)|u ∈ V (G), v ∈ V (H)} �

W 5 : P4 ∨K3

W 6 : O4 ∨K3 (êr}±Ç , Complete Split Graph)

9



¥_Ç6ªJâÇø�«�×), Ê(Þy‹Jzp�

ì2 4.6. (Çí¯A , Composition)

Ç G D H í¯A G[H] ÑÇ G = (V, E) , w2 V = V (G) × V (H) ,

E = {{(u, x), (v, y)}|u ∼G v C u = v / x ∼H y} �
W 7 :

P
3 
[P
2 
]
P
2 
[P
3 
]


J-ís�«�ÌúÀø_ÇªW�

ì2 4.7. (^Ç , Complement)

Ç G í^Ç G = (V (G), E ′) , w2 e ∈ E ′ , J/ñJ e .˘k E(G) �

W 8 :

í^ÇÑ

ì2 4.8. (iÇ , Line Graph)

GíiÇ L(G) = (E,X) ,w2 {e, f}Ñ X 2íi,J/ñJÊ G2 e

£ f ÑóQísi�

W 9 :

.ÑLSÇíiÇ�

íiÇÑ

ì2 4.9. (iYòÇ , Edge Contraction)

ø_Ç G Ê e i,YòuNø e = {u, v}  ¥5(z u , v ¯Aøõ

1/ \M…í©QÉ[�¥ší«�J G ↓ e [ý�

10



W 10 :

e


ì2 4.10. (YòÇ , Contraction Graph)

G íø_YòÇuN?%âÊ G ,ø©�íiYò7×)íÇ�

W 11 :

u K3,3 íø_YòÇ�

ì2 4.11. (õ}± , Vertex Split)

ø_Ç GÊ v õ}±ÑùuNøÇ GÖÓ‹øõ v′ ,U)hÇ G′ 2

NG′(v) = NG′(v
′) �

v

v


v’


ì2 4.12. (êr}±Ç Complete Split Graph)

%âêrÇ}±|VíÇ�(W 6)

T“5. }p-�íÅHC#ø_¥W�

(1) G1 ∨G2 = G1 ∨G2 � (2) G1 ×G2 = G1 ×G2 � (3) G1[G2] = G1[G2] �

T“6. I L(G)H[ GíiÇ,FJ V (L(G)) = E(G) ,t° |E(L(G))| � (‚

àõí�)

T“7∗. Î7 5Õ´�µ<Ç.Ñw…ÇíiÇ�
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5. Çí°Z (Isomorphism Graphs)

âkÇíõªJL<Ö[,C#8.øší™U,ku…Vx�”ó°

!Z”íÇª?\w Ñu.øšíÇ, àÇ 5Fý�

a


b


c
 d


e


a
’


b
’


c
’
 d
’


e
’


Ç 5 : C5

ì2 5.1. (°Z , Isomorphism)

Bb˚ G D G′ Ñ°Zís_Ç, J/ñJæÊø_â V (G) ú@B

V (G′) íøúøøAƒb ϕ U) u ∼G v ⇔ ϕ(u) ∼G′ ϕ(v) �

Wà : Ç 52ís_Ç°Z, FàíƒbÑ

ϕ =

(
a b c d e

a′ d′ b′ e′ c′

)

°Zís_Ç GD G′ ,øO6à G ∼= G′ V[ý�éÍ,°Zuø_�

g É[ (?) �7/°ZíÇªJ;Aÿu”øš”íÇ�˝§�Öódá?

ùÜ 5.2. à‹ G1
∼= G′

2 , † |E(G1)| = |E(G2)| �

ì2 5.3. øÇ G2©øõí�bO×üßå§|VF)ƒíb�˚Ñu

Gí�b� (Degree Sequence) ,¦�J (d1, d2, ..., d|V (G)|)[ý� à‹ |V (G)| =
+∞ , †¤b�Ñ Ì¤b��

ùÜ 5.4. à‹ G1
∼= G2 , † G1 , G2 x�ó�í�b��

„p.

âk G1
∼= G2 ,I ϕÑsÇ°Zíƒb�âì2 |NG1(v)| = |NG2(ϕ(v))|,

?¹ degG1(v) = degG2(ϕ(v)) , ])„� ¥

12



Í7ùÜ 5.4íLÅH1.øìA
 (T“8.) , 6ÿuBbªJvƒ

s_Ç…bx�ó°í�b�, Ou¥sÇ1.°Z�

b‡is_Ç”u´°Z”uÇ�2|½bí½æ5ø, ƒñ‡Ñ¢1

³�Bóßíj¶VêA¥	T ;JÆ�¶íXxVz,uv.ƒø_J

Öá�vÈ (Polynomial Time) ?êA‡iíÆ�¶ (Algorithm) ; ÿÜ�

7k, uv.ƒ/<ì4V…•S�Ç}�ó°Z, ¥³Fzíì4Wà

: ”x�ó°í�b�”, C”øší×ü”, C...� FJ, ÊJ(ín �2, ø

OêÛ�ßí4”,Bb·ø�å5?¥_4”u´ÊsÇ·x�í8”

-, \„ ¥s_Ç°Z�

�7°Zí–1, äÇí–1ªJ‹J^ò� Bbz H Ñ G íø_

äÇH[6 H ¸ Gí/øäÇ (OŸì2)°Z¹ª,6ÿuz G2í/

ø¶M¸ H íÅdu ø_øš � Wà, BbªJz P(Petersen Graph) 2

�ø_äÇ C5 , 6ªJz Px�s_.ó>í C5 TÑ…íäÇ�

ÛÊ, BbÊ5?°ZíÇø�–1� à‹øø_ÇíõÕ¯Tø§

�, kuªJ)ƒø _õÕ¯5Èí1-1øA5ú@, Q-Vb«níu :

¥ú@}u G ƒ G íø_° Zú@ (Isomorphism) ý? àÇ 6Fý, (12)

¥_§�uâ C4 ƒ C4 íø_°Zú@ý? éÍ.u (?) �7 (12) (34)º

uø_°Zú@í!FJÊ S4 2 í§�³Þ�<uâ C4 ƒ C4 í°Zú

@, 7�<ÿ.u, ¥šøV, 6ªJà¥_Ô4Vû˝Çí!Z�

ì2 5.5. (A°Z , Automorphism)

ø_ V (G) í§� ϕ ˚Ñu G íø_A°Z, J/ñJ ϕ Ñâ G ƒ

G íø_°Zú@�

(
1
 
2
)

1


2
 3


4
 2


1


4


3


Ç 6 : .°Zíú@

ìÜ 5.6. (A°Zˇ)

I G ÑL<Ç, †F� G íA°ZFAíÕ¯ú¯Aƒb¥_«�

7k$Aø_ ˇ, J Aut(G) [ý�

13



„p. (T“9.)

°šË, Bb;ø−Ju Aut(G1) = Aut(G2) ª´R) G1
∼= G2 � .�

íu¥_ı�'0ÿr˛7, ÄÑ-�s_ÇíA°ZˇéÍ· S3 �

Ç 7 : x�øšA°Zˇís_Ç�

,HíWäéÍx�.øší�� ; 6rBbªJ./J½, x�ó

°í�b�DA°Zˇ ís_Çu´øì°Z (T“10.) �

T“11. Ju G ∼= G , †˚ G ÑA^Ç (Self-Complementary) , }púkF

�í p ≡ 0 or 1 (mod 4) , îæÊø_ P õÇ G , …u A^Ç�

T“12. I p ≡ 2 or 3 (mod 4) , }p Kp − e ªJ[As_ °ZÇí:Õ�

14



6. ÔyÇ

¥ø��Üø<ªœ�àíÔyÇ�

(1) Kn : x� n _õíêrÇ (Complete Graph) �

(2) On : x� n _õí˛Ç (³�i) C6u n _‚
õ�

(3) Km,n = Om ∨On : êrù}Ç (Complete Bipartite Graph) �

(4) Kn1,n2,...,nk
= On1 ∨On2 ∨ ... ∨Onk

: êr k }Ç (Complete k-partite) �

(5) 3�Ç (Cubic Graph) : 3-£†Ç�

(6) Km(n) = On ∨On ∨ ... ∨On (m-tuple) : �©êr m }Ç�

(7) Cn : ©õ�bÌÑ2í n õ©¦Ç� (n-˛, n-cycle)

(8) K1,t : rÇ�

(9) Pn : n _õí˜� (n-path) �

(10) On ∨Km : êr}±Ç (Complete Split Graph) �

T“13. t° 8_õF�.°Zí 3-£†Ç�

T“14∗. t„p.Ö K11 äÇí 100_õ2, ib|ÖíÇu K10(10) �

T“15∗. I G Ñ.ÖäÇ C4 í n õÇ, † |E(G)| |×uÖý?

15



7. ªåÇíb� (Graphical Sequence)

ì2 7.1. ø_]ÁíÝŠcbb�˚Ñuø_ªåÇíb�, J/ñJ

æÊ�ø_Ç G , …í �b/Ñ¤b��

W 1 : (4,3,3,2,2) ÑøªåÇíb��

J-íìÜTX7ø_‡iu´ø_b�ÑªåÇb�íj¶�

ìÜ 7.2. (Havel ¸ Hakimi)

-�sb� (s, t1, t2, ..., ts, g1, g2, ..., gn).......(1)£ (t1−1, t2−1, ..., ts−
1, g1, g2, ..., gn).................(2) …b íªå4uøší�

„p.

à‹ (2) uªåíb�, I G′ Ñå|VíÇ�¤vÉb‹pøõ v é

…©ƒ�b}�Ñ t1− 1 , t2− 1 ,..., ts− 1íõ,†h)ƒíÇ5�béÍ

u (1) , FJ (1) Ñªåíb��

¥¬V,cq (1)uªåíb�,I GÑå|VíÇ,w2 v í�bÑ

s � cq V (G) = {v, u1, u2, ..., us, w1, w2, ..., wn} , 7/ u1 , u2 ,..., us }�

x��b t1 , t2 ,..., ts ,¢ w1 , w2 ,..., wn í�b}�Ñ g1 , g2 ,..., gn �íl,

à‹ NG(v) = {u1, u2, ..., us} , † G− v í�b�/Ñ (2) , FJ (2)6uª

åÇíb�� .Ííu, u1, u2, ..., us 2.æÊø<õ.Ê NG(v)2 ;ÛÊ

â u1 , u2 ... , %-õ, I ui Ñ �ø_.Ê NG(v) 2íõ, âk degG(v) = s

FJ.æÊø_ wi , v ∼ wi �¤vJu gi = deg(wi) = deg(ui) = ti , †ø ui

*Õ¯ {u1, u2, ..., us}2 ¥y‹p wi ,¤ u1, u2, ..., ui−1, wi, ui+1, ..., us

ªŸVí u1, u2, ..., us Öø_rÊ NG(v)2íõ (¥	ªJ./ªW) �Ç

øjÞà‹ ti > gi , I w ∈ NG(ui) \ NG(wi)� ø G 2íi vwi D uiw  ¥

Í(‹p vui £ wwi 7)ƒø_h Ç G1 ¤v G1 í�b�EÑ (1) .¬

Ê G1 2 ui ∼ v ,FJ u1, u2, ..., us 2íõÖø_D v ó©�./°ší	

T :² ui D wi ,C²i`hÇ ;òƒ u1, u2, ..., us ÊÇ2·¸b v ó©Ñ

¢�éÍ, Ê¥_v`Éb ¥ v , ÿª)ƒø_Ç, …í�b�/Ñ (2) ,

16



6ÿuz (2) ÑªåÇíb�� ¥

!…,, ìÜ 7.2TX7ø_�ÀíÆ�¶V‡iø_ÝŠí]Ác

b�u´ÑªåÇb� �Í7, ÿì4…•k¥!‹E.ØIAÅ<, J

-uø_|±íìÜ, …ªJòQ‚à�ú íj�‡i|ªåÇb��

ìÜ 7.3. (Erdös ¸ Gallai)

ÝŠÁb� (d1, d2, ..., dp) ÑªåÇb�íkb‘KÑ:

(1)
∑p

i=1 di uXb, J£

(2) úkF�í 1 ≤ n ≤ p− 1 ,
∑n

i=1 di ≤ n(n− 1) +
∑p

i=n+1 min{n, di} �

„p.

(⇒) (1)éÍA
,7 (2)í¶MªJ*‡Þ�bœ×í n_õ…b�

bí ,¸ S õ|V�¥ n _õ5È, LSøi·}õ.s�# S ; 7¥ n

_õ¸ ”-õ5Èí©Q,bªJâ”-í p − n _õõ…b©ƒ¥ n

_õí�b¸V²ì ¥<õ|Ö©ƒ n _õ, Ju�bü, †ÝB.ƒ n

, FJ (2) �2 S ¹ª °|,ä�

(⇐) (¿b)‚à¦Ñ¶,à‹ p = 2 ,†…ÌO½Ë,Éb (1) , (2)A
,

(d1, d2)ÑªåÇíb�,cqÅ— (1) , (2)í káb�îÑªåÇíb�,

°v (d1, d2, ..., dk+1)ÑøÅ— (1)£ (2)íb��ÛÊ	ì d1 ,5? d2 ,...,

dk+1 ,I m , m′ }�Ñ|ü£|×í£cbU dm+1 = ... = dd1+1 = ... = dm′

� yVBbì2ø_híb� (e1, e2, ..., ek) w2Ê i = 1 ƒ m − 1 £

m′−1−d1 +mƒ m′−1í8”-,I ei = di+1−1 ,w…v`†I ei = di+1 �

Q-Vu�ú (e1, e2, ..., ek)Å— (1)£ (2) (��ôI)Ä¤ (e1, e2, ..., ek)Ñ

ªåÇíb�,I¤ÇÑ G′ †y‹pøõ v ,ø…©ƒ,Hí ei = di+1−1

Fú@íõ, )ƒ G , ÛÊ G í�b�Ñ (d1, d2, ..., dk+1) , ¥¶Mí„p

kuêA� ¥

ìÜ 7.35FJ˚Ø¸BbFı�å|u�ÀÇ�É, à‹BbªJ

øÇåA½iÇ, †…•,ªœñq�

ìÜ 7.4. (½iÇí�b�)

ø_]ÁíÝŠcb� (d1, d2, ..., dp) ÑªåÇíb�, J/ñJ (1)∑p
i=1 di = 2q £ (2) d1 ≤ q �
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„p.

.b‘Kué7qc,ÛÊBb‚àòQ�Zíj�V„pk}‘K�

ÄÑ d1 ≤ q ,I iÑ|üí£cbU) d1+d2+...+di+1 > q7 d1+d2+...+di ≤
q �ÛÊì2ø_Ç G ,w2 V (G) = {v1, v2, ..., vi, x, vi+2, ..., vp} ,7 Gí

i©Qj¶à-:

(1) â v1 , v2 Çáƒ vi }�©%Õ¯ {x, vi+2, ..., vp} 2íõ, U)õ

í�b?Å—Ÿ�í‘K degG(v1) = d1, degG(v2) = d2, · · · , (Î7 degg(x))

, à-ÇFý�

v

1


v

2


v

3


v

i


v

p


x
v

i
+
2


v

i
+
3


d

i
+
2


d

i
+
3


(2) I ei = q −∑i
j=1 dj , âkÛÊ v1, v2, ... , vi í�b }�Ñ d1 , d2

,..., di ,FJÇ2-%�
∑i

j=1 dj _i�Ju ei = 0 ,†..y©,.Ííu,

þ� ei _ib© ;Q-Vâ v1 , vi+2 Çá,ø…b©ƒ x ,y ¥ {v1, vi+2}
òƒ x í�bÑ£ü¹ª�(?) ¥

à‹Bb°<Ç26ªJ�C˛, µóªåÇíb�ÿyÖ7�

ìÜ 7.5. (ÒÇí�b� , Pseudograph)

ø_]ÁíÝŠcb�ÑøªåÇb�íkb‘KÑvb�í¸u

Xb�

„p. T“16.

T“17∗ #ìÜ7.3ø_êcí„p�
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8. �× (Distance)

Êø_Ç2, L²sõ u ¸ v (ªJuøšíõ) , †â u %¬D u ó

©í i, Í(yD%¬Dvió©íõ, øòƒ v Ñ¢, ¥šíõiå�

˚Ñuø_ u − v ¥W (Walk) � (Ñ7jZ, ¦�àõ[ý� WàÊÇÿ2

u−w−x−y−vÿuø_ u−v¥W� )éÍ,¥W2°šííõªJ½µ|

Û,kui6ÿª?½µ� à‹,i.½µ,¥ší¥W˚Ñu¥� (Trail) ;

ø_ u− u¥�6˚Ñuc˜ (Circuit)u¥£í¥� (Closed Trail) �ÛÊ,

à‹õ.½µ|Û, †iAÍ.}½ µ|Û, ¥�¥W˚Ñu˜� (Path),

˜�íÅ�ÿuJ˜�,�ÖýiVl��øOJ Pn H[x� n_õí

˜�,çÍ…íÅ�ÿu n− 17�ÇøjÞ,ø_õ.½µíc˜˚Ñu

˛ (Cycle) , x� n _õí˛ípÑ Cn , AÍ Cn ,� n _i, ÊqlÜ�

,†J n-˛˚5� (Å : �<zJ Circuit H[ Cn , 7 Cycle †H[ 2-£†

Ç�)

u
 w


x


y


v


z


Çÿ

ì2 8.1. (�× , Distance)

Êø_Ç G 2, sõ u D v í�×ì2ÑF� u− v ˜�2|s˜�

íÅ�� à‹ u − v Ì¶à˜�ó©†�×Ñ +∞ , ÇøjÞõDAÐí

�×ì2Ñ 0, Ê G 2 u D v í�×pÑ dG(u, v) �

M)øTíu�×ªJõAuâ V (G)×V (G)øB Z íƒb,7/ dG

…™6uø_¾� (Metric) , …Å—-�ú_4”:

(1) dG(u, v) = dG(v, u) �

(2) dG(u, v) = 0 J/ñJ u = v �

(3) dG(u, v) + dG(v, w) ≥ dG(u,w) � (úi.��)

19



ì2 8.2. (×-0 , Eccentricity)

ø_õ v Ê G í×-0Ñ eG(v) = max{dG(u, v)|u ∈ V (G)} �

ì2 8.3. (ò� , š� ; Diameter , Radius)

ø_Çíò�Dš�}�ì2A D(G) = max{eG(v)|v ∈ V (G)} D
r(G) = min{eG(v)|v ∈ V (G)} �ò�!…,uNÇ2|±sõí�×�

Çíò�Dš�ª?óÏ'×, 6ª?ó� ; OuJ-íÉ[.ÍA


�

ì2 8.4. úkL<Ç, r(G) ≤ D(G) ≤ 2r(G) �

„p.

˝ií.��ªâì2òQ×) ;¬ií.��ÿ.uµópé�â

kš�uH[|ü í×-0, FJI v …í×-0Ñ r(G) � yI u , w Ñ

Ç2|±ísõ, 6ÿ u D(G) = dG(u, v) ≤ dG(u, v) + dG(v, w) ≤ 2r(G) �

FJùÜ)„� ¥

Ê-HìÜí„p2Bbàƒ7×-0Ñš�íõ,Í¥<õ}rÊ

Çí2Û¶M (òh) , kuÿ$A7J-íì2£û˝½æ�

ì2 8.5. ÊÇ G 2,G í2- (Center) Z(G) ÿuF�×-0�kš�í

õFAíÕ¯�

½æ: Çí2-ÅdàS?

T“18. t#|Ì¤Ö_Ç G , U) D(G) = 2r(G) �

T“19. t#|Ì¤Ö_Ç H , U) D(H) < 2r(H) �

ì2 8.6. (©¦Ç , Connected Graph)

ò�Ñ�ÌíÇ (�ÌÇ)˚Ñu©¦Ç,6ÿuzÊ©¦Ç2L<sõ·

ªJàø‘˜ �ø…b©Q–V� (Ì¤ÇªJà(6çì2�)

ì2 8.7. (cÇ , Tree)

x�|ýibí©¦Ç˚ÑucÇ�

20



ùÜ 8.8. Ju G Ñø©¦Ç, † E(G) ≥ |V (G)| − 1 �

„p.

‚àbç¦Ñ¶„p, éÍç |V (G)| = 1 C 2 vŸÅHA
�

cq |V (G)| = nvÅH?A
,¹ |E(G)| ≥ n−1 � I H ÑL<í©¦

Ç,7/ |V (H)| = n+1 �q vÑH2íLøõ,7/NH(v) = {u1, u2, ..., ut}
�ÛÊ5? G′ = (H − v)

⋃
P , P Ñ˜� u1 − u2 − ... − ut � † G′ Ñx� n

õí©¦Ç,FJ |E(G)′| ≥ n− 1 , ¥[ý E(H) ≥ (n− 1)− (t− 1) + t = n ,

ìÜ)„� ¥

ùÜ 8.9. Ju G ÑøcÇ, † G 2.¯LS˛ (ÑwäÇ) �

„p.

 ¥˛,LSøi.}	à…í©¦4”� ¥

ùÜ 8.10. cÇ G /� |V (G)| − 1 _i�

„p.

‚àbç¦Ñ¶„p E(G) ≥ |V (G)| − 1 �

éÍ, ç |V (G)| = 1 C 2 v, .��A
� cq |V (G)| = n v.��?

A
� I H Ñx� n + 1 _õícÇ�íl, Bbø− H 2.æÊ�øõ

v , …í�bÑ 1, ´† H .Öø˛ (?) , H .ucÇ ; I G′ = H − v � †

G′ ucÇ (?) , FJ |E(G′)| ≤ n− 1 , ku |E(H)| ≤ n , ìÜ)„� ¥

R� 8.11. cÇ2Bý�sõ…bí�bu 1�

R� 8.12. cÇ2íL<óæsõîæÊ�ñøí˜�©Q¥sõ�

R� 8.13. I G ÑøcÇ7/ dG(u, v) = D(G) , † degG(u) = degG(v) = 1

�

ùÜ 8.14. I G ÑøcÇ� †úkL<.ó©ísõ u , v , G + {u, v} .
Öø˛, ° vÊ G 2.æÊøi e U) G + {u, v} − e ÑøcÇ�
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„p.

I e Ñ G + {u, v} 2˛,íøi (æk {u, v} ) � ¥

ì2 8.15. (b©äÇ , Spanning Subgraph)

J H ≤ G 7/ V (H) = V (G) , † H ˚Ñu G íb©äÇ�

ì2 8.16. (b©c)

J H Ñ G íb©äÇ, 7/ H …™Ñøc, †˚Ñu G íb©c�

ùÜ 8.17. L<©¦Ç.Öøb©c�

„p.

ø˛,íiMø ¥, Oub&M©¦4�

(Å) cªJõAu.ÖLS˛ (Acyclic) í©¦Ç�

ì2 8.18. (RŠ , Forest)

.ÖLS˛íÇ˚ÑuRŠ�

ì2 8.19. (¶M , Component)

J”≤”ÑÉ[í|×©¦äÇ˚Ñuø_Çí¶M�ø_Ç Gí¶M

í_bJ c(G)[ý� c(G) = 1íÇ Gÿuø_©¦Ç,‚
õ6ªõAu

ø_¶M�

ì2 8.20. (› , Bridge (&2))

Êø_Ç G 2, J c(G− e) > c(G) , † e ˚Ñu G íø_›�

ÊÇí}’2, ›ªJì2AÇø�ªœ�2íÇ ; Ouÿ,Híì

27k, õÒ,J e u›, † c(G− e) = c(G) + 1 �

ùÜ 8.21. G ÑcÇ, J/ñJ G Ñ©¦Ç7/©øi·u›�

ìÜ 8.22. -�íÅH˛¤�g :

(1) G ÑcÇ�

(2) G u.ÖLS˛í©¦Ç�

(3) G u/� |V (G)| − 1 ií©¦Ç�

(4) G u.ÖLS˛7/x� |V (G)| − 1 iíÇ�

(5) G 2íLsõî�ñøíø‘˜�ó©�

(6) G Ñ©¦Ç7/©øi·u›�

(7) úk G 2.ó©ísõ u , v , G + {u, v} .Öñøíø_˛�
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„p. T“20.

T“21. I (d1, d2, ..., dt)Ñø©¦Çí�b�, † di 5È�BóÉ[? „

p5FTXí���

T“22. „pø_]Á£cb� (d1, d2, ..., dt) Ñø_cÇ G í�b�5

k‘KÑ
∑

di = 2(p− 1) �
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9. �²Ç (Digraph)

�²Çíõ¸øOÇøš,…íi†àõDõ5ÈF$Aí�²åú

V¦H ;FJ�²i (u, v)D (v, u)u.°ísi,Ñ7–}�²i£øO

i, �²iøOJC (arc) ˚5� Ç D íCíÕ¯ÿà A(D) [ý�

ì2 9.1. (q�DÕ� , Indegree & Outdegree)

ø_õ v Ê�²Ç D = (V, A) 2íq� idD(v) = |{u|(u, v) ∈ A}| , 7

Õ� odD(v) = |{w|(v, w) ∈ A}| �

FJ, -Þí!‹ÿ.Ø;d�

ùÜ 9.2. Êø_�²Ç D 2, |A(D)| = ∑
idD(v) =

∑
odD(v) �

Ä¤,b5?ø_�²Çí�b�,b°v[ý|q�DÕ�,7�b

í×üßå6É?;Ww2ø�V5¾ ;øOJÕ�Ñ3�I s1, s2, ..., sp

Ñ�²Ç D íÕ�]Áb�, 7q�YåÑ t1, t2, ..., tp , † D í�b�

Ñ (s1, t1) , (s2, t2) ,..., (sp, tp) , kuBbª J)ƒJ-|±íìÜ :

ìÜ 9.3. (Fulkerson - Ryser)

ø_ÝŠcb� (s1, t1) , (s2, t2) ,..., (sp, tp) , s1 ≥ s2 ≥ ... ≥ sp , Ñªå

5�²Çíb�, J/ñJú kF�í 1 ≤ i ≤ p ,

(1) si ≤ p− 1 / ti ≤ p− 1 �

(2)
∑p

i=1 si =
∑p

i=1 ti , J£

(3)úkF�í 1 ≤ n ≤ p ,
∑n

i=1 si ≤
∑n

i=1 min{n−1, ti}+
∑p

i=n+1 min{n, ti}�

¥_ìÜ}�â Fulkerson £ Ryser Ö
êÛ (1960 ˝¬) , „píj

�D‡Þ Erdös-GallaiìÜóJ,J-ÿw.b4‹Jzp,à¤ú�²Ç

í!Z6ªJ �Öø<í7j ; k}4í¶M~AW¡5d.CAÐ‹

J„p�

ìÜ 9.3. í.b4

Õ�|×í n _õ v1, v2, ..., vn 5Õ�¸, õÒ,ÿ�k¥<õF ©

Qƒíõ5q�¸�ÛÊ vn+1 ƒ vp …bíq�¸ ( VA v1, v2, ..., vn ) |

ÖÑ
∑p

i=n+1 min{n, ti} , 7Ê v1, v2, ..., vp VA v1, v2, ..., vn íq�¸|Ö

Ñ
∑n

i=1 min{n − 1, ti} , Ä¤ (3) A
� (1) , (2) øO˚Ñpéí.b‘K,
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„pôI� ¥

ø_�²Ç5©¦4øO}As�, ø�u;W…í!Z (.5?j

²) ,à¤øV¥_Çª?uø_½iÇ (|Öù½i) ;Bb˚¤�²ÇÑ

ÿ©¦Ç (Weakly Connected) ,J/ñJÊ.5? j² (¹ (u, v) → {u, v} )

í8”-¤ÇÑ©¦Ç�ÇøjÞ, à‹Ç2í Lsõ u , v , ÌæÊø_

�²˜�, u = v0−v1−v2− ...−vt = v©Q u , v ,¹úkF�í 0 ≤ i ≤ t−1

, (vi, vi+1)ÑÇ,íC,†¤Ç˚Ñu#©¦Ç (Strongly Connected) �éÍ,

Êæ˜,¥�Çu|§¡Cí� M)·<íu : Ê�²Ç2, øOn��

˜�ó©uN�²˜�, 7©¦D´6²ku´Ps õ·æÊ�²˜�

ó©�

T“23. I DÑø�²Ç…Å—L< V (D)2ís u , v ,.u (u, v) ∈ A(D)

ÿu (v, u) ∈ A(D) �„pÊ D2.æÊø‘�²˜�,âøõ|êƒÇø

õ7/¦¬ V (D) 2íw…F�õ� (Å) ,HFTƒí�²Ç�˚Ñu¬

ˇÇ (Tournament) �

T“24. Êø¬ˇÇ2,Õ�|×õ˚ÑÙõ (King) ,t#ø”‘K”U)Ù

õ ñøæÊ�
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10. ‹�Ç (Weighted Graph)

ø_‹�ÇuNø_øOÇy‹,ì2k V (G)
⋃

E(G) ,íø_‹

�ƒb w � Ê@à,, ×¶Mí‹�·uÊi,, FJ w ªJõAuâ

E(G) øB/_Õ¯íƒb ; ¥_v`, à‹�F�ªœ×üí‹�, †

w : E(G) → R , .Í íu, w…à (+,−) ?ª� J-Bbÿ«nø_D×

ü�Éí½æ, I (G,w) Ñø‹� Ç, w2 w : E(G) → R+ � ÛÊ5?J

-í½æ :

½æ : (|üb©c , Minimum Spanning Tree)

Êø_©¦í‹�Ç2, àSvƒø,b©c, U)…íi,5‹�

,¸Ñ|ü?

à‹Bbzi,í‹�õAuÊæ˜,&MviíA…,†|üb©

cuNø�Ê&M ©¦í‡T5-U)A…|Qí©Qj¶� âkÇí

‰“'×, bv|ø_ì4íj¶ òQl�‹�CòQ°)��1.ñ

q, kuÆ�¶AÑ|�‰í	x�

v|üb©cíÆ�¶ (Kruskal)

L#ø_©¦í‹�Ç (G,w)�

¥	 1. I i = 0 J£ E0 = φ�

¥	 2. ÊÇ G 2²øi ei .Ê Ei−1 /7 w(ei) Ñ|ü, U)

Ti =< Ei−1

⋃{ei} > (iû|äÇ) .ÖLSí˛, °vì2 Ei = Ei−1

⋃{ei}
�Juv.ƒ¥� ei , †I T =< Ei−1 > 1/T¢Æ�¶�

¥	 3. à i + 1 ¦H i , °v�ƒ¥	 2�

ã¯,Hú_¥	, !…,Æ�¶í¬˙u.iË‹p‹�|ü („

à) íi, °v&M Ç,³�˛¹ª�
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ìÜ 10.1. ,H KruskalíÆ�¶íüªJÊL<í©¦‹�Ç2vƒ|

üíb©c�

„p.

I (G,w)Ñ#ìí‹�Ç,âÆ�¶.Øõ||(°|Ví�� T .

ìu G íb©c, FJ V (T ) = V (G) , 7/ |E(T )| = |V (G)| − 1 �

I E(T ) = {e1, e2, ..., ep−1} , °v w(T ) =
∑p−1

i=1 w(ei) � ÛÊ, cq T

.u|üíb©c,kuÊ G2ªJvƒw…í|üb©c,…í,‹�

ük w(T ) � I H uw2ø_|üb©c…D T �|Öíuài� âk

E(H) 6= E(T ) , I ei , 1 ≤ i ≤ p− 1 , Ñø_Ê E(T ) \ E(H) í i (â 1,2,...,

õ– ) �âcí4”,Bbø− H
⋃{ei}.Öø˛,7/Ê¥ø˛,.Öø

i e0 .˘k E(T ) � I T ′ = (H
⋃{ei}) \ {e0} , † T ′ 6u G íø_b©c,

°v w(T ′) = w(H) + w(ei)− w(eo) �

âk H Ñ|üb©c,FJ w(H) ≤ w(T ′) ,Ä¤ w(ei) ≥ w(e0) ,Çøj

Þ,âÆ�¶ w(ei) ≤ w(e0) (?) ,FJ w(ei) = w(e0) ,¥óøV w(H) = w(T ′)

, T ′ 6u|üb©c�Í7 |E(T ′)
⋂

E(T )| > |E(H)
⋂

E(T )| ,¥Dcqpe,

FJ T @vÿu|üíb©c� ¥

Î7 Kruskal íÆ�¶5Õ, þ�w…éNíÆ�¶6ªJ°||ü

íb©c�

j¶ 2.  ¥‹�|×íiÉb©¦4ªJ&M¹ª�

j¶ 3. L²øõ x1 , Í(Ê x1 í¹�2²øõ x2 U) w({x1, x2})
Ñ|ü, QOyõ N(x1)

⋃
N(x2) \ {x1, x2} , y² ?‹pí|ü‹�i ; y

./Øk5?þ„²¬í”õ”, |(×)ø|üb©c�

T“25. „pj¶ 2£j¶ 3îªJ°)|üb©c�
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11. Çí[ý¶

Ç	Íª'ñqËå|V,Ouå¶'Ö7/læ.Z,Ä¤,_çË

øÇ�²Aw… $�[ý|V, 6'½b�

ì2 11.1. (ó¹ä³ , Adjacency Matrix)

ø_ÇGó¹ä³A(G)Ñø p×píj$ä³,w2 V (G) = {v1, v2, .., vp}
, °vÊ vi ∼ vj v A(i, j) = A(j, i) = 1 , / A(i, i) = 0 �

ku,°ZíÇAÍÿ}�ú@íó¹ä³Ê_çí²W (ú˚)5(

)ƒó°íä³�

W 1 :

v
1


v
2
 v
4


v
3


v
1


v
1


v
2

v
3

v
4


v
2
 v
3
 v
4


0
 1

1

0

1


0

1

1


0

1

0

1


1

1

1

0


Çíó¹ä³TX7óçÖ’mVû˝Çí4”:âkä³íW�·

uú@ƒ	ìíõ, FJ� i �[ýíÿuD vi óÉ, °Ü� j WD vj ó

É�

ùÜ 11.2. I A Ñ G íó¹ä³, † An(i, j) , ä³ An í (i, j) P0F)

ƒ íMÿuÊÇ G 2â vi ƒ vj .°í n-¥¥Wj¶b�

„p.

â¦Ñ¶ªJ'0„p|V� ¥

ùÜ 11.3. I Cn(G) H[ÊÇ G 2.° n-˛5_b, †

(1) C3(G) = 1
6
tr(A3) �

(2) C4(G) = 1
8
[tr(A4)− 2q − 2

∑
i6=j A2(i, j)] �

(3) C5(G) = 1
10

[tr(A5)− 5tr(A3)− 5
∑p

i=1(
∑p

j=1 A(i, j)− 2)A3(i, i)] �
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„p.

A3(i, i)H[6* i%¬ 3¥ (i)�ƒŸË iíóæ¥Wb�âk°ø

úi$ø\�ƒ 6Ÿ¥ší¥Wb,FJªJ°| (1) � Ê (2)í¶M,4¥

�ƒŸËíj¶�'Ö, .$A 4i$·Ûb©¥ ; &àø_iV�®•

7sŸ, C·u�s_ó¹i, øi•sŸ Çøi6•sŸ, FJ°) (2)

; (3) ÿbyµÆø<, ��Ê¤ôI� ¥

ÇÕ, Bb6ªJõƒ‚àó¹ä³…™í4”, Wà°|vä³í

Ô�M$ (Spectrum) ,V…•ø_Ç,¥�–1BbGÊ(ÞyÌ��Ü�

Î7ó¹ä³5, óQ (Incidence) ä³6u'½b[ý¶�

ì2 11.4. (óQä³)

I G = (V, E) , w2 V = {v1, v2, ..., vp} , E = {e1, e2, ..., eq} , †óQ

ä³ B(G)Ñø p× q ä³,w2Ju vi Ñ ej íø_«õ† B(i, j) = 1 ,.

Ííu B(i, j) = 0 �
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éÍ, Ê V (G) 2LøW·/�s_ 1, 7©ø� 1í_b, /Ñú@

õí�b, Ä¤ J-í4”ÿ.Øõ|V�

ùÜ 11.5. I L(G)ÑÇGíiÇ (Line Graph) ,†A(L(G)) = B(G)T B(G)−
2Iq �

„p.

B(G)T B(G) 2.ÑÉíP0 (i, j) [ý ei D ej �u°õ, (ç i = j v

�sõ, .y5?¸ˇ) , ])„� ¥

¸ó¹ä³øš, óQä³6?êr·HŸÇí4”, Q-VBby

õø�·HÇíä³,…ÖÍ6�.˜í4”,ºÌ¶z|Çíö£!Z�
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ì2 11.6. (˛ä³ , Cycle Matrix)

I C1 , C2 ,..., Cm ÑÇ G 2í m _˛, †˛ä³ C(G) Ñ ø_ m× q

íä³, w2� i �,í 1, [ý Ci F%¬íi, àW3�

W 3 :
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,W2, .°Zís_Çº�Oó°í˛ä³, ¥�Ûdúk³�˛

íÇÿypé7 ; FJ, ˛ä³uÌ¶\àV…•ø_Ç, Í7, …�<.

˜í4”, J-uw25ø :

ùÜ 11.7. I B , C }�Ñ GíóQä³£˛ä³,† CBT ≡ 0 (mod 2) �

„p.

âk CBT (i, j) u[ý� i _˛Dõ xj íÉ[, 7 xj |ÛÊ˛ ís

i, FJ 1 + 1 ≡ 0 (mod 2) , ùÜ)„� ¥

ÇÕø_ªœØøõí4”u�Éä³í¼b (rank) �(²¾˛È0

k GF (2).)

ìÜ 11.8. I B , C }�Ñ©¦Ç G íóQD˛ä³, † rank(B) =

|V (G)| − 1 , rank(C) = |E(G)| − |V (G)|+ 1 �
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„p.

âk B í�¸ÑÉ, FJ rank(B) ≤ |V (G)| − 1 � ‹, G Bý�

|V (G)| − 1 _i, FJBý� |V (G)| − 1 _Ö
í�, ¥[ý rank(B) ≥
|V (G)| − 1 , Ä¤)ƒ B í¼b� rank(C) ÑSu |E(G)| − |V (G)| + 1 éÍ

D ¥ G 2í ÖýEÍu©¦Ç�É, Ì�í„pG#è6AWêA�

(T“26.) ¥

Êø− rank(C) = |E(G)| − |V (G)|+15(,BbAÍ°)ø_J GÑ

‚ÇFÞA|Víø_²¾˛È,…6˚Ñu Gí˛˛È (Cycle Spae)7

,Hí¼bøO6˚Ñu G íóÉb (Betti Number) , ¹Ñ β(G) �

T“27. ÿW 3íÇ (a) vƒø_vÇ˛˛Èí!��

J,[ý¶·uNÌ²Ç,à‹u�²Ç D ,†Ê (vi, vj) ∈ A(D)í8

”ú,I (vi, vj)P0/p 1,7 (vj, vi)u´Ñ D íø_CÿªJÇW²ì

(vj, vi) /píu 1Cu 0�¥óøV�²Çíó¹ä³6ªJ ú@ËŸ|

V,Éu¥ä³ÿ.øìuú˚7�.�ú˚D´,‚àÔ�MVû˝Çí

Ô4 ·ªJÎšªW, ¤v, ª?}�µbAÑ�²ÇíÔ�M�

ÇÕ, ÊÇ,i'ýív` (Q¡ O(n) ) , 6ªJà[�¶, øiøø

�|¹ª, ÊÚ7’eílæ, ¥ª?ªø_êcíä³y�ô˛ÈDv

È�

T“28∗. IêrÇ Kn íõÕ¯Ñ Zn , }p Kn 2. °íb©c� nn−2

_� (Å) WàÊ K4 2, 1
 2
 3
 0
 D 2
 1
 3
 0
 u.°íb©

c� (s�.°j¶�)
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