
�úı ©¦4

1. ~õD~Õ (Cut Vertices and Cut Set)

øOíÇÊ ¥ø<õ5( ,ÿª?AÑ.©¦íÇ ,BbçÍ;ø

−˝§u ¥�õn?AÑ.©¦íÇ ?

ì2 1.1. Êø_Ç G 2 , à‹ G í¶Mb c(G) < c(G− v) , † v ˚Ñu

G íø_~õ (Cut Vertex) �

FJ,Êø_©¦Ç2,à‹“¥øõ v}U)¥_Ç‰A.©¦ ,†

¥_õ.Íu~õ ;¥¬V ,�~õí©¦Ç1Ý“¥L<õ·ªJU)

¥_ÇAÑ.©¦ � J-í4”zp7~õFÊíP0 �

ìÜ 1.2. v u©¦Ç Gí~õ5kb‘KuæÊs_D v .°íõ u£

w , °vÅ—F�â u ƒ w í˜�î}¦¬ v õ �

„p. âì2ªJòQR)� ¥

*Çøi�Võ, 1ÝF�õ·}u~õ�

ìÜ 1.3. ø_sõJ,íÇ , Î7˛Ç ( ³�i ) 5Õ·BýÖ�sõ,

…b·.u~õ�

„p. cq|ÖÉ�ø_õ.u~õ � I u � vÑ G2ísõÅ— d(u, v) =

D(G) ( ò� ) , FJ , Bý�øõu~õ � cq v Ñ~õ , âì2 G − v

Ñ.©¦Ç , I w D v Ê G− v .°í¶M2 , ku , F�í u− w ˜�

.¦¬ v , ¥[ý d(u,w) > d(u, v) , Dcq d(u, v) Ñò�pe , ìÜ)„

� ¥

ÛÊ ,à‹ ¥ø_õ.}U)ø_ÇAÑ.©¦Ç ,†¤Çí!Z

ÿ}y'ò � Wà ,ø_˛ÿu¥šíÇ ,J-uø_yøOíì2 � ì

22 G− S H[Mø ¥ S 2íõF)ƒíÇ �
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ì2 1.4. ( õ©¦b , Connectivity )

ø_Ç G íõ©¦b κ(G) = min { |S| |S ⊆ V (G) / G− S Ñ.©¦

ÇCu”-øõ } �

FJ ,ç G…™.©¦v , κ(G) = 0 ;à‹ G2Ö�~õ7…™¢u

©¦Ç , † κ(G) = 1 � Wà , cÇCu K2 ; çÍL<˛íõ©¦b·u 2

� Ñ7jZ–c, øOzÅ— κ(G) ≥ n ≥ 1 íÇ G , ˚Ñ n− ©¦Ç , F

JF‚í 1−©¦ÇÿuNøOí©¦Ç � °v ,Êø_ n−©¦Ç2 , ”

Bý ” b“• n _õnª?)ƒø_.©¦íäÇ � J-í4” , u‚

à�b�V…•ø_ n−©¦Ç �¥_!‹|oâ Bondy„p ,Ÿ|-H

í$�uVA Boesch �

ìÜ 1.5. I GÑx� p_õíÇ ,…í�b�Ñ d1 ≤ d2 ≤ ... ≤ dp ,°v

1 ≤ n ≤ p − 1 , à‹úkF�í 1 ≤ k ≤ b(p − n + 1)/2c , dk ≤ k + n − 2 ⇒
dp−n+1 ≥ p− k , † G Ñø_ n− ©¦Ç �

„p. cq κ(G) < n , FJÊ V (G) 2æÊø_äÕ¯ S , |S| ≤ n − 1

, U) G − S Ñø_.©¦Ç ; °vI H Ñõb|ýí¶M ( Ê G − S

2 ) , |V (H)| = k � Ä¤ , k ≤ bp−n+1
2
c , úk H 2íõ x , degG(x) ≤

(k − 1) + (n − 1) = k + n − 2 , Ä¤ dk ≤ k + n − 2 , âcq dp−n+1 ≥ p − k ,

Ou , V (G)\(V (H) ∪ S) 2íõ�bîük p− k ( ¡5Ç 1 ) , Ä¤ , É�

S 2íõ�ª? ≥ p − k , éÍÅ—¥‘Kíõ� n _ , Dcqpe , ì

Ü)„� ¥

x


H


u


S
 V(G)\V(H)
 S


Ç 1
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*Ç 1 ,BbòhË;ƒbø xD u½i ,BýbÊ n_Ëj³i…

b5Èí©¦É[ , 6ÿuz u D x …V@v� n ‘˛¤.�ó	àí

˜�ó©¦ , ´†1.Ûb“ƒ n õµóÖ !

ì2 1.6. ( }½Õ , Separating Set )

ø_ V (G)íäÕ¯ S ˚Ñusõ uD v í}½Õ ,à‹ uD v }�

rÊ G− S ís_¶}³Þ �

éÍ , Ê G − S u.©¦Çí8”-n�F‚í}½Õ , Bb6˚

(u, v)í|ü}½ÕFÛbíõb κ(u, v) , ( Separating number ) � J-íì

ÜuÝ�O± ,7/6Êæ˜íû˝2rÆø_Ý�½bíiH ,w„p

uâ Dirac FTX �

ìÜ 1.7. ( Menger , 1927 )

I uD v Ñ G2.ó¹ísõ ,† (u, v)í}½b/ß�kâ uƒ v

³�uàõ ( Internally Disjoint ) í˜�b �

„p.

cq κ(u, v) = k , † u D v 5ÈéÍ|ÖÉ� k ‘³�L Suàõ

í˜�, J-Bbà¦Ñ¶„pBý� k ‘¥ší˜�æÊ� âk k = 1

v'ñqõ,FJcq k ≥ 2 ,ÛÊà‹cqÊ κ(u, v) = h ≥ 2vìÜ.ú

�I G ÑUìÜ.úvõb|ý, ib6|ýíÇ, 6ÿuzÉÛb G− e

2í h − 1 _ õÿªJ}½ u ¸ v , w2 e Ñ G íLøi� íl, BbV

õ G �¨<Ô�í4 ”�

(i) NG(u)
⋂

NG(v) = ∅
I e = xy Ñ Gíøi,† G− e}\ø_ h− 1_õíÕ¯ S(e)F}

½, Ou G − S(e) E Í}�ø‘â u ƒ v í˜�, Ä¤, ¥‘˜�.ì}

¦¬ e , 6ÿuz x ¸ y ·.Ê S(e) 2 à‹ x /∈ {x, v} , † S(e)
⋃{x} ÿ

u u ¸ v Ê G 2íø_½Õ, °v6æÊ h ‘�½˜�� â,Híhô,

.Øõ|, à‹ w (ç x) ∈ NG(u)
⋃

NG(v) , † G − w Û b h − 1 _õn?

½Ç u ¸ v ; â¦Ñ¶ G − w 2� h − 1 ‘˛¤�½í u − v ˜�, ‹,

u− w − v ÿ) ƒ h ‘, ¥D G cqpe�

(ii)à‹ W ux� h_õí (u, v)-½Õ,† W 2íõ.Ír¶D uó

¹C†D v ó¹� (.}°vA
�)
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âhô, u ƒ W 2í h _õ w1, w2, ... , wh æÊ� h ‘�½˜�, °

Ü v ƒ W 2 íõ6uà¤, °v, L<í u − wi ˜�D wi − v ˜�.}

� wi 5Õíu°õ�ÛÊcq W 2íõ³�r¶ D u C v ó¹, àÇ 2

Fý, †ø W ˝iíÇZA {uw1, uw2, ... , uwh} , ˚¤hÇÑ G1 , ku

|V (G1)| < |V (G)| , 7/ G1 í (u, v) ½ÕEÑ W FJæÊ h ‘�½ u − v

˜�, Bb˚Ê W ¬ií h ‘ wi − v ˜�Ñ Qi , i = 1, 2, ... , h �

u
 v


w

1


w
2


w

h


Ç 2

°Ü, Ê˝i)ƒ Pi , i = 1, 2, ... , h ; ÛÊyõŸÇ G , † G 2éÍ

� h ‘�½ (u, v) ˜�, ¥D G ícqpe, FJ (ii) .A
�

ÛÊ, I P Ñ u − v |s˜�,P = {u, u1, u2, ... , v} , â (i) u2 6= v

� I S(u1u2) = {v1, v2, ... , vh−1} Ñ G − u1u2 íø_}’Õ� ÛÊ5?

W = S(u1u2)
⋃{u1} , ÄÑ W Ñø_x� h _õí}’Õ, FJâ (ii) Ä

Ñ u1 . D v ó©, FJ W íõ¸ u íõr¶ó¹, kuâ (i) S(u1u2)

2íõ.Ír¶D v .ó¹� ÛÊyõ W ′ = S(u1u2)
⋃{u2} , W ′ 6uø

_ h õí½Õ, âk S(u1u2) 2íõ r¶D u ó¹, U) u2  ¥6.Í

D uó¹,¥zp7 P 1.uâ uƒ ví|s˜�,pe ;kuìÜ)}�¥

�7 Menger íìÜ, Whitney 'ß‚Ë…å| n-©¦Ç�

ìÜ 1.8. ø_ÇÑ n-©¦íkb‘KÑLsõîæÊ� n‘�½í˜�

ó©�

…å n-©¦Çþ�wF$�, J-s_ìÜí„pGçT“1. £T

“2.�
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ìÜ 1.9. ø_x� 2n õíÇ…u n-©¦íkb‘KÑ¥_ÇíõÕ¯

ªJL<}’As_×üøšíäÕ¯ V1 D V2 ,°væÊ� n‘�½˜

�©Q V1 D V2 2íõ�

ìÜ 1.10. cà G uø_ n-©¦Ç, † G 2íL< n _õ·}rÊø_

˛,�

ìÜ 1.10 íLÅH1.£ü, Wà Cn �

T“3. : à‹ G Ñ n-©¦Ç, n ≥ 2 , „p L(G) 6uø_ n-©¦Ç�

Î7à Menger ìÜV…•ø_ n− ©¦Ç , püËz| n− ©¦Ç
íÅó1.ñq � .¬ , ç n = 3 ív` , Tutte §Î'Öí˚Ø„p7

J-Ý�|±í!‹ , „pÊ¤ôI �

ìÜ 1.11. ø_Ç GÑ 3−©¦Çíkb‘KÑ G…™uø_3Ç (Ç2)

, C6u G ªJâ-�sé�í«�*ø_3Ç�Z|V :

(i) ‹ø_hi ;

(ii) z�b�¬ 3 íõ v , àó¹ísõ v1 D v2 ¦H , U)ÊhÇ2

, ©_Ê NG(v) 2õ¸ v1 D v2 5øó© , °v&M deg(v1) ≥ 3 £

deg(v2) ≥ 3 � ( Ç 3 )

Ç 2 : 3Ç
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v

1
v


2
v


Ç 3 : «� (ii)
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2. ›Di~Õ ( Bridge , Edge-Cut Set )

‡Þ˛%ì2¬› , ¥³y½HøŸ �

ì2 2.1. Êø_Ç G 2 , à‹ c(G− e) > c(G) † e ˚Ñu G í› �

âk ¥øiÝÖÉ}Ó‹ø_¶M (Component) ; FJ , 9õ,ç

e Ñ›v , c(G− e) = c(G) + 1 � ÊÇí}’Ü�2 , ›�.øšíì2j

� , J(yÇW�Ü �

¸‡Þ~õíh1óéN , à‹ e u› , †.ÍæÊsõ , …b5È

íF�©Q˜�·)%¬ e ; °v , 6ªJ5? ¥Öi5(n}$A.

©¦Çí–1 �

ì2 2.2. ( i©¦b , Edge-Connectivity )

ø_Ç Gíi©¦b κ1(G) = min { |T | |T ⊆ E(G)/ G− T Ñ.©¦

Ç } � ( ¥³í G− T H[YŸ* G 2p¥ T 2íiF)ƒíÇ � )

J-í!‹zp7�b , ©¦bDi©¦bíÉ[ �

ìÜ 2.3. úkL<Ç G , I δ(G) H[ G 2õí|ü�b � † κ(G) ≤
κ1(G) ≤ δ(G) �

„p. κ1(G) ≤ δ(G) ªJâ ¥D|ü�bõó¹íi×) , FJ3b„

p˝ií.�� � íl , à‹ κ1(G) = 0 , †éÍ G Ñ.©¦ , FJ κ(G)

?Ñ 0 �

Q-V , à‹ κ1(G) = 1 , † G �› , ku ¥›Lø«õîª¨A

.©¦Ç , κ(G) 6u 1 �ÛÊcq κ1(G) ≥ 2 , kuÊp¥ κ1(G)− 1 i5

( , ”-íÇx�› uv � ílúkFp¥í κ1(G)− 1 i®²ÏøõDv

ió¹íõ , Ê G 2p¥¥<õ5()ƒ H � à‹ H ˛%u.©¦ , †

κ(G) ≤ κ1(G)− 1 ≤ κ1(G) , ´†Êp¥ uv 2íøõÿªJ)ƒ.©¦Ç ,

Ä¤ κ(G) ≤ κ1(G) � ¥

,HìÜí.��îª?AÑ�� ,6ª?AÑ.ó�í�ä ,~¡

5Ç 4 �
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Ç 4 : κ(G) = 2, κ1(G) = 3, δ(G) = 4 �

ú@kõ©¦b , Bb6ªJàií¾ Vn�©¦4 �

ì2 2.4. ø_Ç G Ê κ1(G) ≥ n v , ˚Ñu n− i©¦ , ?¹ ¥ G 2

íLS n− 1 _i·Ì¶×).©¦Ç �

ú@k n− ©¦Çí!‹ , J-í!‹1.Ø„p �

ìÜ 2.5. ø_Ç G u n− i©¦íkb‘KÑÊ V (G) 2.æÊ�ø_

Ý˛äÕ¯ W , U) 〈W,V (G)\W 〉G 2íibük n , ¥³í 〈A, B〉G H
[F�Ê G 2â A 2õ©ƒ B 2õíiFAíÕ¯ �

„p.

( ⇒ ) à‹¥ší W æÊ , † ¥ 〈W,V (G)\W 〉 2íF�iÿ)ƒø_
.©¦Ç , ku κ1(G) < n , pe �

( ⇐ ) cà G .uø_ n− ©¦i , †.æÊø_ 0 ≤ k < n , Ê ¥

k i5( , F)ƒíÇ H Ñ.©¦ , I H 2�ø_¶MÑ H1 , ÛÊ

〈V (H1), V (G)\V (H1)〉2|ÖÉ� k i (,u ¥ k i ) ,FJÅH2í W

( V (H1) ) æÊ , ¤Ñpe , FJìÜ)„ � ¥

ìÜ 2.6. ø_Çu n− i©¦íkb‘KÑLsõÈîªJvƒ n ‘˜

� , Fb³�u°Uàíi �

„p. T“4. �

J-í!‹Ý�Ô� ,……å7øéÝ�½bíÇ ,¥éÇíi©¦

bD|ü�buøší �

ìÜ 2.7. ( Plesnik ) à‹ G íò�Ñ 2 , † κ1(G) = δ(G) �
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„p. I S Ñø_x� κ1(G)iíiÕ¯ ,…U) G−S Ñø.©¦Ç ,°

vI H1D H2Ñ G−S2ís_¶M1/Å— P1 = |V (H1)| ≤ |V (H2)| = P2

� íl , Bb„p κ1(G) ≥ P1 � à‹ H1 2í©øõ·©ƒ H2 2íõ

, †éÍA
 � .Ííu , I u ∈ V (H1) , °vÊ G 2 u .D H2 2

íLSõó¹ ; OuÄÑ G íò�Ñ 2 , H2 2íLSõ·.ÍbD H1

2í/øõó¹ , C†u H1 2í©øõ·©ƒ H2 2í/øõ ; Ä¤

κ1(G) = |S| ≥ min{P1, P2} = P1 �

Q-Võ δ(G) � úk V (H1)2í©øõ x ,ì2 di(x) = | { y |y ∈ V (Hi)

°v x ∼G y } | � FJ δ(G) ≤ degG(x) = d1(x) + d2(x) ≤ P1 − 1 + d2(x) � ...

(*) âk δ(G) ≥ κ1(G) , FJ P1 − 1 + d2(x) ≥ P1 , ku d2(x) ≥ 1 � ÛÊ , I

V (H1) = {u1, u2, ..., uP1} , †

κ1(G) = |S| =
P1∑
i=1

d2(ui) ≥ (P1 − 1) + d2(uP1)� .........(**)

â (*) £ (**) , P1 − 1 + d2(uP1) ≥ δ(G) ≥ κ1(G) ≥ P1 − 1 + d2(uP1) � ¥

[ý κ1(G) = δ(G) � ¥

R� 2.8. Êø_Ç G2 ,à‹.ó¹sõí�b¸î×k |V (G)|−2 ,†

κ1(G) = δ(G) �

„p. úk G2L<.ó¹ísõ u , v ,ÄÑ degG(u)+degg(v) ≥ |V (G)|−1

, FJ NG(u) ∩NG(v) 6= ∅ , ¥[ý d(u, v) = 2 , FJ G íò�Ñ 2 , âìÜ

2.7 , ¤ìÜ)„ � ¥

T“5. : „pÊò�Ñ 2íÇ2, Ê ¥ κ1(G) iU) ….©¦5(, .

ì�ø_¶}.u K1 ÿu Kδ(G) �

T“6. : L#ú_£cb a ≤ b ≤ c , „p.æÊø_Ç…Å— κ(G) = a ,

κ1(G) = b J£ δ(G) = c �
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3. æ˜ ( Networks )

ø_æ˜ N uø_x�Ôy4”í�²Ç D , …x�-�Ô4 :

(i) �ø_õ s Ê|êõ ( Source ) , �ø_õ t Ê�õ ( Sink ) ; J£

(ii) D íC,©ø_C·Nìø_ÝŠcb , ˚Ñuñ¾ ( Capacity ) ,

¥_Nìí�T6˚Ñuø_ñ¾ƒb ( Capacity function ) �

W1.

s
 t

5


5


4


1


10


(iii) âkBbFTÜíu�²Ç ,FJ¹�íì26�F.° ;BbøO

J N+
D (x) = {y ∈ V (D)|(x, y) ∈ A(D)} V[ýÕQ¹� , 7J N−

D (x) =

{y ∈ V (D)|(x, y) ∈ A(D)} V[ýqQ¹� � à‹úÀøíæ˜n� ,

Bbà N+(x) £ N−(x) V[ýÕQDqQ¹� � Q-V , Bbì2

ø_æ˜íÓ¼ ( Flow ) �

ì2 3.1. ( Flow ) I c Ñæ˜ N íø_ñ¾ƒb , °v s ¸ t }�Ñæ

˜í|êõ¸�õ �ø_æ˜íÓ¼uNø_ì2Ê A(D),íø_cb

Mƒb f , …Å—-�s_‘K :

(1) 0 ≤ f(a) ≤ c(a) ∀a ∈ A(D) ; J£

(2) úkF�.°k s D t íõ ,
∑

y∈N+(x)

f(x, y) =
∑

y∈N−(x)

f(y, x) , w2

f(x, y) = f((x, y)) � ( \èj˙ , Conservation Equation ) �

â,Hí (1) , ç f(a) = c(a) v , †˚ a Ññ¸C ( Saturated ) , 7ç

f(a) < c(a) v , †˚ a Ñ.ñ¸íC �ÇÕ ,
∑

y∈N+(x)

f(x, y)− ∑
y∈N−(x)

f(y, x)

˚Ñ xõí¼|´¾ ,7¥¬VóÁ†Ñ¼p´¾ ,éÍÊÅ—\èj˙

í8”- , Î7 s, t 5ÕwFõí¥s_¾·u 0 ; FJ , Ê s †�ÝŠ
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í¼|´¾ , t †�ÝŠí¼p´¾ , °vÊ£�Ó¼í8”-¥sM}

ó� �

W2. Ç2íC,�s_bå , �ø_Ññ¾ , �ù_†Ñ¼¾ �

a


t
s
 b


8,5


5,5


4,2


7,5


10,7


5,3
 6,2
 5,3


3,2
 7,1


8,0
5,4
 6,2


s : ¼|´¾ 8 , t : ¼p´¾ 8

Ñ7jZ–c ,Bbà (X, Y )H[F�â X 2íõ©Qƒ Y 2õí

CFAíÕ¯ ,?¹ (X, Y ) = {(x, y)|x ∈ X, y ∈ Y } ,°v ,à‹ gÑì2k

A(D) íƒb , †I g(X,Y ) =
∑

(x,y)∈(X,Y )

g(x, y) , à‹ X = {x} , † g(X,Y )

òQŸA g(x, Y ) , °Ü , ç Y = y v , ŸA g(X, y) �

M)·<íu , Ê,Hì22 , X ∩ Y .øìbu˛Õ¯ , õÒ, ,

g(X∪Z, Y ) = g(X,Y )+g(Z, Y )−g(X∩Z, Y ) ,°v g(X, Y ) =
∑

x∈X

g(x, Y ) =
∑
y∈Y

g(X, y)

� J-íìÜ.Ø„p , }pôI �

ìÜ 3.2. I N Ñø_æ˜ , …í–õD�õ}�Ñ s , t � °v D Ñ²

ì N í�²Ç , †úk N 2íLø_Ó¼ f , f(s, V (D)) − f(V (D), s) =

f(V (D), t)− f(t, V (D)) �

,HìÜí f(s, V (D)) − f(V (D), s) ÿu f Ê N 2í¼|´¾ ( Ê s

õ ) ,øOJ valf [ý ,�˚ÑÓ¼ f í¾Cu f í¼¾ � úkLSw…

Ó¼ f ′ 7k ,à‹ valf ≥ valf ′ ,† valf 6˚Ñu N í|×¼¾ �âkæ

˜2©_Cíñ¾îì2Ñ�ÌíM ,FJ°||×¼¾uŸ)ƒí9 �

( Å ) : Ê©ø_C,íÓ¼î.)�¬vCíñ¾ �
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FJ , ¼¾í×ü.ÍDñ¾�Oò.ª}íÉ[ � ( ¼¾.×kñ

¾ � )

ì2 3.3. ( æ˜~Õ , Cut )

Êøæ˜ N 2 , I X Ñ¨Ö–õ s íÕ¯ , °v t /∈ X , † K =

(X,V (D)\X) Ñæ˜ N íø_~Õ � ~Õñ¾í×üÑ

c(X,V (D)\X) =
∑

(x,y)∈(X,V (D)\X)

c(x, y)

, øO6à capK [ý � ÊW 2 2 , à‹ X = s, a, b, c , † capK = 15 �

ìÜ 3.4. úk N 2íL<Ó¼ f JL<~Õ K = (X, X ′) , valf =

f(X, X ′)− f(X ′, X) ≤ capK �

„p. ÄÑ f Ñ N 2íø_Ó¼ , FJúkF�.u s , t íõ x ,

f(x, V (D)) = f(V (D), x) , °v valf = f(s, V (D))− f(V (D), s) , kuR)∑
x∈X

{f(x, V (D))− f(V (D), x′)} = f(x, V (D))− f(V (D), x′) = valf �

¢ÄÑ f(X,V (D)) = f(X,X ∪X ′) = f(X, X) + f(X, X ′)− f(X,X ∩X ′)

, f(V (D), X) = f(X ∪ X ′, X) = f(X, X) + f(X ′, X) − f(X ∩ X ′, X) � FJ

valf = f(X, X ′)− f(X ′, X) ≤ f(X, X ′) ≤ cap(X,X ′) � ¥

R� 3.5. ( min-max 4” )

I f D K }�Ñ N 2íø_Ó¼£~Õ , °vÅ— valf = capK ,

† f Ñ|×Ó¼ , K Ñ|ü~Õ ( ñ¾¸|ü ) �

„p. cà f ∗ £ K∗ }�Ñ|×Ó¼£|ü~Õ , † valf ≤ valf ∗ ≤
capK∗ ≤ capK �âk valf = capK ,FJ valf = valf ∗ ,7/ capK∗ = capK�

¥

68



R� 3.6. à‹ f D c }�Ñæ˜ N íÓ¼£ñ¾ƒb , °vÅ— :

(i) úkF�í a ∈ (X, X ′) , f(a) = c(a) , £

(ii) úkF�í a ∈ (X ′, X) , f(a) = 0 �

† f Ñ|×Ó¼ , (X, X ′) Ñ|üí~Õ �

„p. I f ∗ Ñ|×Ó¼ , FJ calf ∗ ≤ cap(X,X) = f(X, X ′) − f(X ′, X) =

valf , FJ f Ñ|×Ó¼ � °Üª„ , (X, X ′) Ñ|ü~Õ � ¥

T“7. °W 2 2æ˜í|×¼¾ �

âR� 1.5 ªø , b°ø_æ˜í|×Ó¼ , |ü~ÕrÆOú�í

iH , Oub®ƒ¥_ñí , Ûbvƒø_Ó¼ , …í¼¾/ß�k/ø

~Õíñ¾ � J-íìÜ3buÊzp , ÊBó8”-ø_Ó¼x�|

×í¼¾ ; y‚à¥_ìÜV„p|×¼¾ÿ�k|üí~Õíñ¾ �

íl , �Üš˜� ( Semipath ) � à‹.5?j² , †æ˜Ç D ,í

L<˜�î˚Ñu D 2íš˜� , Wà , W 2 2í s− a− b � ²k5 , ø

_â U ƒ V íš˜� u− u1 − U2 − ...− ut = v , (ui, ui+1) D (ui+1, ui) 2í

ø_C.ÍuÊ D 2íø_C , ¥³í i = 1, 2, ..., t− 1 �

Q-Vyõø_Ó¼Êø_š˜�,íÛï : Bb˚ø_š˜�Ñ

f−.ñ¸ ,J/ñJúkF�í i = 1, 2, ..., t−1 ,.u f(ui−1, ui) < c(ui−1, ui)

ÿu f(ui, ui−1) > 0 � à‹ø_.ñ¸íš˜�u s Ñ–õ , t Ñ�õ ,

†¥_ f−.ñ¸ íš˜�¢˚Ñuø_úk f ªJÓMíš˜� ( f-

augmenting semipath ) � J-uø_Wä ( Ç 6 ) �

a


t
s
 b


8,3

5,2


2,2


7,6


10,2


5,3


6,3


5,3

3,2


1,1


8,0

6,2


c


d


e


f


2,1
 2,0


4,1


s− a− d− t , s− c− e− t , · · · , ÑªÓMš˜� �

Ç 6
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éÍ , çªÓš˜�³�ív` , µšíÓ¼x�|×¼¾ �

ìÜ 3.7. æ˜ N 2íÓ¼ f Ñ|×Ó¼íkb‘KuÊ N 2í D v.

ƒ f− ªÓMíš˜� �

„p. (¿b )úkD sƒ t�°j²íC a ,à‹ø_%¬ aÓ¼ªJÓ

M , †.Í}� c(a) > f(a) , ´†Ì¶Ó‹ f(a) ; ÊÇøjÞ , à‹ a D

s− tíj²ó¥ ,† f(a) > 0}U)‡ªj²Ö<¼¾ ,!…,u ”òü

f(a) ” ¹ª �„p��Gç T“8. � ¥

ìÜ 3.8. ( Ford £ Fulkerson ) ( |×¼¾ - |ü~ÕìÜ )

Êø_æ˜2 , |×¼¾/�k|ü~Õíñ¾ �

„p. âìÜ 3.7 , R) valf = f(X, X ′) − f(X ′, X) ( ³�ªÓMíš˜�

) = cap(X, X ′) ( q (X, X ′) Ñ|ü~Õ ) � ¥

‚àìÜ 3.7í!…–1 , Edmonds¸ KarpTX7ø_Æ�¶V°Ó

¼í|×¼¾ ,è6ª¡5 Chartrand¸ LesniakFOí Graphs and Designs

, µo�Ì�ízp �Q-VBb3bu�ÜàS@àìÜ 3.8 Vj²ø

Oí ¯½æ �
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4. |×¼¾ - |ü~ÕìÜí@à

íl , Bb«n Menger ìÜí�²$� �

ìÜ 4.1. cà u D v Ñ�²Ç D ísóæõ , †|ÖíC�½ u− v ˜

�b�k|ü u− v C½Õ ( Arc separating set )íCb � (¥³í u− v C

½ÕuN ¥¥<C5( u D v .©¦ � )

„p. ImH[�½í u−v˜� ,7 nH[|üC½ÕíCb �âk u−v

˜�b.ª?�¬C½ÕíCb , FJ m ≤ n � J-3bu„p m ≥ n �

Iâ D F�Zíæ˜u N , 7/æ˜,©øCíñ¾îÑ 1 , ÛÊ , c

q N í|×Ó¼¾Ñ f ,7|ü~ÕÑ K � à‹Bb?„p n ≤ capK £

valf ≤ m , †ìÜ)„ �

âk K uø_ u − v C½Õ , FJ n ≤ capK ³�O½ �ÇÕ , ÄÑ

f ucbMƒb , 7/úkF�íC a , c(a) = 1 , FJ f(a) = 0 C 1 �

I D′ = D\A′ , w2 A′ = {a ∈ A (D)| f (a) = 0} � Bb'ñqõ|
val f = odD′u = odDv− idDv ,¥zp7Ê D 2Bý� val f ‘�½í u− v

˜� , ?¹ m ≥ val f �â val f = cap K , m ≥ n , ìÜ)„ � ¥

àóNí–1 , õ$� �i$�í MengerìÜ ,·ªJyJìÜ 3.8

V„p…b , Q-Võø_ªœ.øší@à :

ìÜ 4.2. ( Hall’s Theorem , 1935 )

I G = (X, Y ) Ñøù}Ç , †Ê G 2æÊø_íƒ X 2©øõí

ºú5kb‘KÑúk X íLø_¶}Õ¯ W , |NG(W )| ≥ |W | , ¥³

NG(W ) = {NG(x)|x ∈ W} �

„p. ¥_ìÜí.b4uÌí0O , BbÉÛ„p…ík}4 � íl ,

ì2ø_æ˜ Gst , æ˜2íõu…íC , dìà- :

(1) s ©² X 2íF�õ ,

(2) X 2íõ%â E(G) 2íi©² Y õ ,

(3) Y 2íõÌ©² t , 7|(Ê©ø_C,Nìñ¾Ñ 1 �

éÍ ,à‹?Ê Gst ,vƒø_Ó¼ f ,U) valf = |X| ,†ìÜ)„
� ¥�kub„p|ü~Õíñ¾Ñ |X| �
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âkI W = {s} , (W,W ) ¥_~Õíñ¾u |X| , FJÉb?„pL

<w…í~Õ ,…íñ¾·BýÑ |X|¹ª �I (Vs, Vt)Ñø~Õ ,°v s ∈
VsJ£ t ∈ Vt �âCÕ¯Võ (Vs, Vt) = (s, Vt∩X)∪(Vs∩X, Vt∩Y )∪(Vs∩Y, t)

( ¡5Ç 18 ) yI Vs ∩X = W , † cap(Vs, Vt) = |(s,X\W )|+ |(W,Vt ∩ Y )|+
|(Vs ∩ Y, t)| ( ñ¾îÑ 1 )

= |X\W |+ |(W,Vt ∩ Y )|+ |(Vs ∩ Y, t)|
≥ |X\W |+ |Vt ∩N(W )|+ |Vs ∩ Y |
= |X\W |+ |N(W )| − |Vs ∩N(W )|+ |Vs ∩ Y |
≥ |X\W |+ |N(W )| − |Vs ∩ Y |+ |Vs ∩ Y |
≥ |X\W |+ |W | = |X| �

ìÜ)„ � ¥

X


Y


s

t


N
 N(w)


S
V


t
V


Ç 18 : Gs,t

�7ìÜ 4.2 , óæH[Í ( System of Distinct Representatives , SDR )

íìÜÿ'ñq„p �
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ìÜ 4.3. ( Hall’s Condition )

I S = S1, S2, ..., Sn Ñø_Ý˛�ÌÕ¯ A í¶MÕ¯F$AíÕ¯

í � †æÊø n _óæjÖ (x1, x2, ..., xn) U) xi ∈ Si , i = 1, 2, ..., n í

kb‘KÑ S 2L<í k _Õ¯5:ÕBýÖ� k _jÖ �

}p. ( T“9. ) �

T“10. ÇÕ ;x�ó°W¸£�¸í (0, 1)−j$ä³·ªJŸA§�ä
³í¸ �

73


