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²E¿�ÁS¼S¹4½°ÁS¹º¼�­

G = (V, e)
ÀÂ¿�»z´4µZ´£²E­°¶�¾ºÁEÇ

X ⊆ V
¿S¹4½�¬�ÁS¬�»XÁ�ÄIµZ¼�»X¯±¯

v 6∈ X
»X´4¸

u, u′ ∈ X
Ù

e(v, u) = e(v, u′)
»X´4¸

e(u, v) = e(u′, v)
É�«�¬4­~Ä6»X¶�À±¯±Ç�µXÄ�¶�µ+¸£¹º¯Â­(¿�µXÄ/»

2
²E¿SÁS¼S¹4½°ÁS¹º¼�­0ÀÂ¿�®�­]»X³�¯±Ç�¾�»X¼SÁSÀ±ÁSÀ±ê@­9Ù

»X´4¸�ÀÂ¿�¾�»X¼SÁSÀ±ÁSÀ±ê@­;ÀOÄ�ÁS¬4­
2
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G
¬�»Z¿8»Q´4µZ´£²6ÁS¼SÀ±ê�À{»X¯4¶�µ+¸£¹º¯Â­

X
Ù9ÁS¬4­°´

À±Á�½]»X´�Ð�­~¸º­(½(µZ¶�¾�µ9¿�­(¸�À±´RÁ�µ
G[X]

»X´4¸
G[V \ X ∪ {x}]

Ù4®;¬4­°¼�­
x ∈ X

É���µZÁ�­~ÁS¬�»XÁ�ÁS¬4­r¿�ÁS¼S¹4½°ÁS¹º¼�­
G
½]»X´

Ð�­0­]»Z¿SÀ±¯±ÇÈ¼�­(½(µZ´4¿SÁS¼S¹4½°Á�­(¸ÃÄI¼�µZ¶
G[X]

»X´4¸
G[V \ X ∪ {x}]
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G = (V,E)

ÀÂ¿�»ÆÐºÀ±¾�»X¼SÁSÀ±ÁSÀÂµZ´
{X,Y }

µXÄ
V

¿S¹4½�¬éÁS¬�»XÁzÄâµZ¼�»X¯±¯
v, v′ ∈ X

Ù
{N(v) ∩ Y, Y \N(v)} = {N(v′) ∩ Y, Y \ N(v′)}

É ð � Ô 7��/5 Ô 3 À±´È»0Á�µZ¹º¼S´�»X¶�­°´RÁ
G = (V,A)

ÀÂ¿
»�ÐºÀ±¾�»X¼SÁSÀ±ÁSÀÂµZ´

{X,Y }
µXÄ

V
¿S¹4½�¬ÆÁS¬�»XÁ�ÄâµZ¼�»X¯±¯

v, v′ ∈ X
Ù
{N+(v) ∩ Y, Y \ N+(v)} = {N+(v′) ∩ Y, Y \

N+(v′)}
É

Y1

Y2

X1

X2

X1

X2

Y1

Y2
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X = X1 ∪ X2

»X´4¸
Y = Y1 ∪ Y2

É
ÊEÄ

X ( V
ÀÂ¿8»�¶�µ�¸£¹º¯Â­�µXÄ

G
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»�´4µZ´£²6ÁS¼SÀ±ê+À{»X¯!ÐºÀO² Ü µZÀ±´MÙ ÁS¬4­°´·À±ÁQ½]»X´·Ð�­0¸º­(½(µZ¶�¾�µ9¿�­(¸ÈÀ±´�Á�µ�Áu®8µpÅ9¼�»X¾º¬4¿]Ù�»X´4¸ÈÁS¬4­ � Ô 7��%5 Ô 3 ¸º­(½(µZ¶�¾�µ9¿SÀ±ÁSÀÂµZ´·ÀÂ¿
ÁS¬4­�¼�­(½°¹º¼�¿�À±ê@­�¸º­(½(µZ¶�¾�µ9¿SÀ±ÁSÀÂµZ´�Ð�Ç�»�¿SÁS¼�µZ´ºÅ0´4µZ´£²6ÁS¼SÀ±ê�À{»X¯ ÐºÀO² Ü µZÀ±´MÉ���À±´4½(­�ÁS¬4­;Ä6»X¶�À±¯±Ç�µXÄ�ÐºÀO² Ü µZÀ±´�ÀÂ¿KÐºÀ±¾�»X¼SÁSÀ±ÁSÀ±ê@­9Ù
ÁS¬4­rÐºÀO² Ü µZÀ±´�¸º­(½(µZ¶�¾�µ9¿�À±ÁSÀÂµZ´ÈÁS¼�­(­rÀÂ¿;¹º´ºÀÂË�¹4­�Óâ»X´4¸�ÀÂ¿�ÀÂ¿�µZ¶�µZ¼S¾º¬ºÀÂ½�Á�µ�ÁS¬4­~¼�­°¾º¼�­(¿�­°´�Á�»XÁSÀ±ê@­gÁS¼�­(­ × É
����� ���-�3��
C�����d���<��

àá­r¼�­(½]»X¯±¯�»-ç£ÀÂµZ¶�¿�µXÄ/»X´Æ»XÐ�­°¯±À{»X´�Å9¼�µZ¹º¾

(D,u)
É

� (��! ,#"%$ (&$B(J. (&'( *) «�¬4­°¼�­rÀÂ¿�»X´�­°¯Â­°¶�­°´RÁ
0̇
À±´

D
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Ù
0̇ u a = a u 0̇ = a
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D
ÁS¬4­°¼�­~ÀÂ¿�»X´�­°¯Â­°¶�­°´RÁ

a−1 À±´ D
¿S¹4½�¬�ÁS¬�»XÁ

a u a−1 = a−1 u a = 0̇
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Ù
b
»X´4¸
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D
Ù
(a u b) u c = a u (b u c)
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Ù
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D
É ð ¾�»XÀ±¼

(X,Y )
®;À±ÁS¬

X 6= ∅
Ù
Y 6= ∅

»X´4¸
V = X ] Y

ÓNÔ6ÕGÖ]Õ
X ∪ Y = V

»X´4¸
X ∩ Y = ∅ × ÀÂ¿�»
	 7��/5 Ô 3 ÀOÄ�ÁS¬4­°¼�­rÀÂ¿

¾�»XÀ±¼S®;ÀÂ¿�­r¸£ÀÂ¿ Ü µZÀ±´
Xi

»X´4¸
Yi

Ó&ÄâµZ¼
i ∈ D × ¿S¹4½�¬�ÁS¬�»XÁ

X =
⊎

i∈D Xi

Ù
Y =

⊎

j∈D Yj

Ùº»X´4¸pÄâµZ¼�»X¯±¯
(i, j) ∈ D2»X´4¸

(u, v) ∈ (Xi, Yj)
Ù
e(u, v) = i u j
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( 36�
V ′ ⊆ V

1 � ".+ $ +�(	$
V ′ ∩X 6= ∅

( 36�
V ′ ∩ Y 6= ∅

8 $ +£Ö 3
(X ∩ V ′, Y ∩ V ′)

Ô 1 (�	 7��%5 Ô 3�5 !
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(V, e)
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(V, e)
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Xi

»X´4¸
Yi

Ó&ÄâµZ¼
i ∈ D × ¿�¹4½�¬�ÁS¬�»XÁ X =

⊎

i∈D Xi

Ù
Y =

⊎

j∈D Yj

ÙR»X´4¸�ÄâµZ¼K»X¯±¯
(u, v) ∈ (Xi, Yj)

Ù
e(u, v) = i u j

É ��À±¶�À±¯{»X¼S¯±ÇÈ¯Â­°Á
X ′

i

»X´4¸
Y ′

i

Ó
i ∈ D × ¿S¹4½�¬·ÁS¬�»XÁ

X ′ =
⊎

i∈D X ′
i

Ù
Y ′ =

⊎

j∈D Y ′
j

Ù�»X´4¸�ÄâµZ¼
»X¯±¯

(u, v) ∈ (X ′
i, Y

′
j )
Ù
e(u, v) = i u j

É
��À±´4½(­

Y ∩ Y ′ ÀÂ¿r´4µZ´£²E­°¶�¾ºÁEÇ@Ù�¯Â­°Á v ∈ Y ∩ Y ′ Ù=»X´4¸ñ¯Â­°Á
j, j′ ∈ D

¿S¹4½�¬ñÁS¬�»XÁ
v ∈ Yj ∩ Y ′

j′
É ��¹º¾º¾�µ9¿�­

ÁS¬�»XÁ
w ∈ X ∩ X ′ Ù;»X´4¸ï¯Â­°Á

i, i′ ∈ D
¿S¹4½�¬íÁS¬�»XÁ

w ∈ Xi ∩ X ′
i′
É «�¬4­°´

e(w, v) = i u j = i′ u j′
É

«�¬R¹4¿
X ∩ X ′ =

⊎

i∈D Xi ∩ X ′
iuj−̇j′

É' ÆµZ¼�­(µbê@­°¼]Ù�ÄIµZ¼�»X¯±¯
u ∈ Y ∩ Y ′ Ù e(w, u) = i u k = i′ u k′ ÓG®;À±ÁS¬

u ∈ Yk ∩ Y ′
k′ × Ù4ÁS¬R¹4¿ k′ = i−̇i′ u k = j′−̇j u k

Ù4»X´4¸
Y ∩ Y ′ =

⊎

k∈D Yk ∩ Y ′
kuj′−̇j

É
ô4µZ¼g»X¯±¯

k ∈ D
Ù�¯Â­°Á

X ′′
k = Xk ∩ X ′

kuj−̇j′

ÙM»X´4¸·¯Â­°Á
Y ′′

k = Yk ∪ Y ′
kuj′uj−1

É
X ∩ X ′ =

⊎

i∈D X ′′
i

»X´4¸
Y ∪ Y ′ =

⊎

k∈D Y ′′
k

Éáô4µZ¼�»X¯±¯
u ∈ X ′′

i

»X´4¸
v ∈ Y ′′

k

Ù
e(u, v) = i u k

ÉÒ«�¬�¹4¿
(X ∩ X ′, Y ∪ Y ′)
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f
ÀÂ¿r»ÆÔ 1 5 � 5  �)�+RÔ!1�� ÄIµZ¼

(D,u)
ÀOÄ

f(a u b) = f(a) u f(b)
ÄâµZ¼r»X¯±¯

(a, b) ∈ D2 Érôº¼�µZ¶ ´4µb®
σ
®;À±¯±¯!¸º­°´4µZÁ�­�»X´ÈÀ±´Rê@µZ¯±¹ºÁSÀÂµZ´áµZ´

D
¿S¹4½�¬ÆÁS¬�»XÁQÁS¬4­rÄI¹º´4½°ÁSÀÂµZ´

f : a → σ(a)−̇σ(0̇)
ÀÂ¿~»X´ÆÀÂ¿�µZ¶�µZ¼S¾º¬ºÀÂ¿�¶ ÄâµZ¼

(D,u)
ÓG®;¬4­°¼�­

0̇
ÀÂ¿�ÁS¬4­r´4­°¹ºÁS¼�»X¯�­°¯Â­°¶�­°´RÁ × É

� (/. . "���2 ? Ö/$
(V, e)
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σ
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X
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Y
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f : V → D
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u, v ∈ V
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u 6= v
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e(u, v) = α u f(u) u σ(f(v))

Õ
�M­°Á

G
Ð�­Q»

2
²E¿SÁS¼S¹4½°ÁS¹º¼�­9É 	 7��/5 Ô 3�� Ö#" 5 �O) 5 1�Ô $IÔ 523 1�µXÄ

G
»X¼�­~¸º­�æ4´4­(¸�¼�­(½°¹º¼�¿SÀ±ê@­°¯±Ç � ({G}, ∅)

ÀÂ¿;»�ò�² Ü µZÀ±´
¸º­(½(µZ¶�¾�µ9¿SÀ±ÁSÀÂµZ´·µXÄ

G
»X´4¸�ÀOÄ

(D,M)
ÀÂ¿�»pò�² Ü µZÀ±´Æ¸º­(½(µZ¶�¾�µ9¿SÀ±ÁSÀÂµZ´ÆµXÄ
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H ∈ D

Ù�»X´4¸
H1

Ù
H2

ÀÂ¿�»�¿SÀ±¶�¾º¯Â­
¸º­(½(µZ¶�¾�µ9¿SÀ±ÁSÀÂµZ´�µXÄ
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®;À±ÁS¬�¶�»X¼S³@­°¼�ÁS¼SÀ±¾º¯Â­°Á

(u, v, α)
Ù�ÁS¬4­°´

((D\{H})∪{H1,H2},M ∪{(u, v, α)})
ÀÂ¿/»rò�²

Ü µZÀ±´�¸º­(½(µZ¶�¾�µ9¿SÀ±ÁSÀÂµZ´pµXÄ
G
É!Êu´�ÁS¬ºÀÂ¿K½]»Z¿�­�®�­�¿�»]ÇzÁS¬�»XÁ

(D′,M ′) = ((D\{H})∪{H1 ,H2},M ∪{(u, v, α)})ÀÂ¿�»�¿SÀ±¶�¾º¯Â­g¸º­(½(µZ¶�¾�µ9¿SÀ±ÁSÀÂµZ´·µXÄ
(D,M)

Ù�»X´4¸�®�­r®;¼SÀ±Á�­
(D,M) → (D′,M ′)

É
ð ò�² Ü µZÀ±´é¸º­(½(µZ¶�¾�µ9¿SÀ±ÁSÀÂµZ´

(D,M)
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ÀÂ¿z¾º¼SÀ±¶�­9É ð òQ² Ü µZÀ±´é¸º­�²

½(µZ¶�¾�µ9¿SÀ±ÁSÀÂµZ´
(D,M)

ÀÂ¿ &	5 5 � ÀOÄK´4µ
H ∈ D

¬�»Z¿�»�¿SÁS¼�µZ´ºÅ�´4µZ´£²6ÁS¼SÀ±ê+À{»X¯8ò�² Ü µZÀ±´MÉ ð ò�² Ü µZÀ±´ñ¸º­(½(µZ¶�¾�µ9¿SÀ±ÁSÀÂµZ´
(D,M)

ÀÂ¿'1.$C( 3 � (2 � ÀOÄ�À±Á0½]»X´ÑÐ�­�µZÐºÁ�»XÀ±´4­(¸ÒÄG¼�µZ¶
({G}, ∅)

Ð�ÇÒ»�¿�­(Ë�¹4­°´4½(­�µXÄ�¿�À±¶�¾º¯Â­�¿SÁS¼�µZ´ºÅÃ¸º­(½(µZ¶�¾�µX²
¿SÀ±ÁSÀÂµZ´4¿]Ù�»X´4¸é´4µ

H ∈ D
¬�»Z¿�»Ã¿SÁS¼�µZ´ºÅñ´4µZ´£²6ÁS¼SÀ±ê�À{»X¯~ò�² Ü µZÀ±´MÉ �QµZÁ�­�ÁS¬�»XÁ�¶�À±´ºÀ±¶�»X¯�¸º­(½(µZ¶�¾�µ9¿SÀ±ÁSÀÂµZ´4¿�»X´4¸
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(D,M)
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ÀÂ¿�´4µZÁÈ»è¿�Á�»X´4¸4»X¼�¸ ¸º­(½(µZ¶�¾�µ9¿�À±ÁSÀÂµZ´ ÁS¬4­°´ ÁS¬4­°¼�­ñÀÂ¿�»è¿SÀ±¶�¾º¯Â­ñ¸º­(½(µZ¶�¾�µ9¿SÀ±ÁSÀÂµZ´ À±´ ÁS¬4­
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ÁS¬4­Ã¸º­(½(µZ¶�¾�µ9¿�À±ÁSÀÂµZ´
(D′,M ′)

ÄI¼�µZ¶
(D1,M1)
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(D′,M ′)
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(D′,M ′) →
(D,M)
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� � � ��ú�¢z§0ª��
� ��� �'�4� � � � � ���3��� � � �
�M­°Á

(V, e)
Ð�­�»

2
²E¿SÁS¼S¹4½°ÁS¹º¼�­~¿S¹4½�¬pÁS¬�»XÁ�ÁS¬4­°¼�­�ÀÂ¿;»

f : V → D
»X´4¸�»

α
®;À±ÁS¬

σ(α) = α
»X´4¸

e(u, v) = αu

f(u)uσ(f(v))
ÄIµZ¼�»X¯±¯

u, v ∈ V
Ù
u 6= v

É!ÊuÁ/ÀÂ¿K­]»Z¿�Ç0Á�µ0¿�­(­;ÁS¬�»XÁ
(V, e)

ÀÂ¿
σ
²E¿SÇ�¶�¶�­°ÁS¼SÀÂ½�¿SÀ±´4½(­

σ(0̇) = 0̇
»X´4¸

ÁS¬R¹4¿
σ
ÀÂ¿�»~ÀÂ¿�µZ¶�µZ¼S¾º¬ºÀÂ¿S¶ ÄIµZ¼

(D,u)
ÉA�M­°Á

{X,Y }
Ð�­�»�ÐºÀ±¾�»X¼SÁSÀ±ÁSÀÂµZ´pµXÄ

V
ÉA�M­°Á

Xa = {v ∈ X : a = f(v)}»X´4¸
Ya = {v ∈ Y : a = αuσ(f(v))}

É�ô4µZ¼K»X¯±¯
u ∈ Xa

»X´4¸
b ∈ Yb

Ù
aub = f(u)uαuσ(f(v)) = e(u, v)

Ù
ÁS¬R¹4¿

{X,Y }
ÀÂ¿�»�ò�² Ü µZÀ±´MÉ

��´�ÁS¬4­rµZÁS¬4­°¼�¬�»X´4¸�Ùº¯Â­°Á
(V, e)

Ð�­�»�¸º­°Å@­°´4­°¼�»XÁ�­(¸
2
²E¿SÁS¼S¹4½°ÁS¹º¼�­g¿�¹4½�¬�ÁS¬�»XÁ

|V | ≥ 4
É

� � (ZÔ"� ØRÕ�ô4µZ¼�­°ê@­°¼SÇp¾�»XÀ±¼S®;ÀÂ¿�­�¸£ÀOì�­°¼�­°´RÁ
a, b, c, d ∈ V

Ù
e(c, d) = e(c, b) u e(a, d)−̇e(a, b)

É
�  5 5 !]Õ ��À±´4½(­

(V, e)
ÀÂ¿�¸º­°Å@­°´4­°¼�»XÁ�­(¸�Ù

{{a, c},−}
ÀÂ¿�»Qò�² Ü µZÀ±´MÉ�î�Ç 
�¼�µZ¾�µ9¿SÀ±ÁSÀÂµZ´�Þ�®�­K¬�»]ê@­8ÁS¬4­�­(Ë�¹�»X¯±À±ÁEÇ@É

� � (ZÔ"�ýß4Õ�ô4µZ¼�­°ê@­°¼SÇp¾�»XÀ±¼S®;ÀÂ¿�­�¸£ÀOì�­°¼�­°´RÁ
a, b, c ∈ V �

e(a, b) u e(b, c) u e(c, a) = e(b, a) u e(c, b) u e(a, c).

�  5 5 !]Õ �M­°Á
d ∈ V \ {a, b, c}

É ð ¾º¾º¯±Ç�À±´ºÅ��8¯{»XÀ±¶
Ø9Ù£®8­rÅ@­°Á �
e(d, a)−̇e(d, b) = e(c, a)−̇e(c, b)

e(d, b)−̇e(d, c) = e(a, b)−̇e(a, c)

e(d, c)−̇e(d, a) = e(b, c)−̇e(b, a).

«�¬R¹4¿

e(a, b) u e(b, c) u e(c, a) = e(b, a) u e(c, b) u e(a, c)

= σ(e(a, b)) u σ(e(b, c)) u σ(e(c, a)).

��»Z¿�­�Ø � |V | = 4
É�à�É ¯6É µºÉ Å

V = {a, b, c, d}
É �M­°Á �

α = e(a, b) u e(b, c) u e(c, a)

f(a) = −̇e(b, c)

f(b) = −̇e(a, c)

f(c) = −̇e(b, a)−̇e(a, c) u e(c, a)

f(d) = e(d, a) u e(c, b)−̇α

Ø9Ø



ôº¼�µZ¶ �8¯{»XÀ±¶ ß£Ù
σ(α) = α

É!àá­rÅ@­°Á �
f(a) u σ(f(b)) u α = −̇e(b, c)−̇e(c, a) u e(a, b) u e(b, c) u e(c, a)

= e(a, b)

f(a) u σ(f(c)) u α = −̇e(b, c)−̇e(a, b)−̇e(c, a) u e(a, c) u e(a, b) u e(b, c) u e(c, a)

= e(a, c)

f(b) u σ(f(c)) u α = −̇e(a, c)−̇e(a, b)−̇e(c, a) u e(a, c) u e(a, b) u e(b, c) u e(c, a)

= e(b, c)

f(a) u σ(f(d)) u α = −̇e(b, c) u e(a, d) u e(b, c)−̇α u α

= e(a, d)

f(b) u σ(f(d)) u α = −̇e(a, c) u e(a, d) u e(b, c)−̇α u α

= e(b, d)
ÓGÐ�Ç �8¯{»XÀ±¶
Ø ×

f(c) u σ(f(d)) u α = −̇e(b, a)−̇e(a, c) u e(c, a) u e(a, d) u e(b, c)−̇α u α

= e(a, d) u e(c, b)−̇e(a, b)
ÓGÐRÇ �8¯{»XÀ±¶ ß ×

= e(c, d)
ÓGÐ�Ç �8¯{»XÀ±¶ Ø9É ×

«�¬R¹4¿
f
»X´4¸

α
¬�»]ê@­rÁS¬4­r¼�­(Ë�¹ºÀ±¼�­(¸�¾º¼�µZ¾�­°¼SÁEÇ@É

��»Z¿�­�ß � |V | > 4
ÉF�M­°Á

v ∈ V
É

(V \ {v}, e)
ÀÂ¿~¸º­°Å@­°´4­°¼�»XÁ�­(¸Ò»X´4¸ÈÁS¬�¹4¿~ÁS¬4­°¼�­�ÀÂ¿r»

f ′ : V \ {v} → D»X´4¸È»X´
α ∈ D

¿S¹4½�¬ÈÁS¬�»XÁ;ÄâµZ¼�»X¯±¯
u, v ∈ V \ {v}

Ù
e(u, v) = f ′(u) u σ(f ′(v)) u α

É:�M­°Á
u 6= v

Ù »X´4¸�¯Â­°Á
f¿S¹4½�¬�ÁS¬�»XÁ

f(w) = f ′(w)
ÀOÄ

x ∈ V \ {v}
»X´4¸

f(v) = e(v, u)−̇σ(f ′(u))−̇α
É

f(u) u σ(f(v)) u α = f ′(u) u e(u, v)−̇σ(σ(f ′(u)))−̇α u α

= e(u, v)

�M­°Á
w ∈ V \ {u, v}

»X´4¸
x ∈ V \ {u, v, w}

É

f(w) u σ(f(v)) u α = f ′(w) u e(u, v)−̇σ(σ(f ′(u)))−̇α u α

= f ′(w)−̇f ′(u) u e(u, x) u e(w, v)−̇e(w, x)
ÓGÐRÇ �8¯{»XÀ±¶ Ø ×

= e(w, v) u f ′(w)−̇f ′(u) u f ′(u) u σ(f ′(x)) u α−̇f ′(w)−̇σ(f ′(x))−̇α

= e(w, v).

«�¬R¹4¿
f
»X´4¸

α
¬�»]ê@­rÁS¬4­r¼�­(Ë�¹ºÀ±¼�­(¸�¾º¼�µZ¾�­°¼SÁEÇ@É
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(G = (V, e), u, v)+ ' � �7 *) »
2
²E¿SÁS¼S¹4½°ÁS¹º¼�­

G = (V, e)
»X´4¸

u, v ∈ V
Ù
u 6= v� �! � �! *) »z´4µZ´ÈÁS¼SÀ±ê�À{»X¯�òQ² Ü µZÀ±´

{X,Y }
µXÄ

G
¿S¹4½�¬ÈÁS¬�»XÁ

u ∈ X
»X´4¸

v ∈ Y
Ù

µZ¼ 
 �Qµ��~ÀÂ¿;ÁS¬4­°¼�­rÀÂ¿;´4µ�¿�¹4½�¬·ò�² Ü µZÀ±´
� (�� 3�'

f1(u) := 0̇
f2(v) := e(u, v)� *3, (�,L(+,.8

w ∈ V \ {u, v}
f1(w) := e(w, v)−̇e(u, v)
f2(w) := e(u,w)

Ef := {(w, t) : w, t ∈ V \ {u, v}
»X´4¸

f1(w) u f2(t) 6= e(w, t)}
Gf := (V \ {u, v}, Ef )3��

Gf

ÀÂ¿�¿SÁS¼�µZ´ºÅ9¯±Ç�½(µZ´º´4­(½°Á�­(¸
*(�! � �! 
 �Qµ��

�  \&)(+,�� 35- (
� (� 

W
Ð�­�»�¿�ÁS¼�µZ´ºÅ9¯±Ç�½(µZ´º´4­(½°Á�­(¸Æ½(µZ¶�¾�µZ´4­°´�Á�µXÄ

Gf¿S¹4½�¬�ÁS¬�»XÁ�ÁS¬4­°¼�­rÀÂ¿;´4µ�»X¼�½rÀ±´
Gf

ÄG¼�µZ¶
W

Á�µ
V \ W \ {u, v}*(�! � �! 

{{u} ∪ W,V \ {u} \ W}(&'�������������	���

�����

� ��� ���
�7�d�+
>�	�:� �*� ��� � 

�f��� � ��
��:
�� ���F� ��
 � 
�� ������� � 
	�<��
>��
��<�
� � '71� 63"*('� �!�"#
%$'&�
�(�!�)

(G,P)+ ' � �7 *) »
2
²E¿SÁS¼S¹4½°ÁS¹º¼�­

G = (V, e)
»X´4¸È»z¾�»X¼SÁSÀ±ÁSÀÂµZ´

P
µXÄ

V� �! � �! *) »z¶�À±´ºÀ±¶�»X¯�ò�² Ü µZÀ±´�¸º­(½(µZ¶�¾�µ9¿SÀ±ÁSÀÂµZ´
G� (�� 3�'

+ �
|P| = 1

 \& (�'
,�(� 6�),#'

({G}, ∅)� (� 
A,B ∈ P

Ù
a ∈ A

»X´4¸
b ∈ B+ �*��������	���

���

(G, a, b)
¼�­°ÁS¹º¼S´4¿ 
E´4µ��  \&)(&'

P := {A ∪ B} ∪ (P \ {A,B}),�(� 6�),#'� �!�"#
�$'&�

(+!�)
(G,P)� (� 

{X,Y }
Ð�­~ÁS¬4­0ò�² Ü µZÀ±´�¼�­°ÁS¹º¼S´4­(¸�Ð�Ç �������
	���
����

�Q­(½(µZ¶�¾�µ9¿�­
G
À±´�Á�µ

G1
»X´4¸

G2
ÐRÇ�ÁS¬4­0ò�² Ü µZÀ±´

{X,Y }
®;À±ÁS¬�¶�»X¼S³@­°¼�ÁS¼SÀ±¾º¯Â­°Á

(x, y, α)
P1 := {P ∈ P : P ⊆ X}
P2 := {P ∈ P : P ⊆ Y }
(D1,M1) :=

 �!�"#
%$'&�
�(�!�)
(G1,P1)

(D2,M2) :=
 �!�"#
%$'&�
�(�!�)

(G2,P2),�(4 6� , '
(D1 ∪ D2,M1 ∪ M2 ∪ (x, y, α))(&'����� *!,"-
%$'&�

(+!�).�
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� � '71� 63"*('� �!�"#
%$'&�
�(�!
(G)+ ' � �7 *) »

2
²E¿SÁS¼S¹4½°ÁS¹º¼�­

G = (V, e)� �! � �! *) »z¶�À±´ºÀ±¶�»X¯�ò�² Ü µZÀ±´�¸º­(½(µZ¶�¾�µ9¿SÀ±ÁSÀÂµZ´
G� (�� 3�'

P := {{v} : v ∈ V },�(4 6� , '  �!�"#
%$ &,
�(�!�)
(G,P)(&'����� *!,"-
%$'&�

(+! �

� ��� ���
�7�d�+
>�	�:� �*� ��� � 

�f��� � ��������� ������� � 
 �)
�� � �����)� 
	�S��
C��

�<�
� � '71� 63"*('� �!�"#
%$'&�
�(�! ����� � � ��� �

((D,M))+ ' � �7 *) »z¶�À±´ºÀ±¶�»X¯�ò�² Ü µZÀ±´�¸º­(½(µZ¶�¾�µ9¿SÀ±ÁSÀÂµZ´
� �! � �! *) »�¿�Á�»X´4¸4»X¼�¸Æò�² Ü µZÀ±´È¸º­(½(µZ¶�¾�µ9¿�À±ÁSÀÂµZ´
� (�� 3�'
��*3, "%$�$

H ∈ D3��
H

¬�»Z¿�­�çº»Z½°ÁS¯±Ç
3
ê@­°¼SÁSÀÂ½(­(¿  \& (�'

¶�»X¼S³
H

����������������������»X´4¸ ��� ��������Ù4»X´4¸�¿�­°Á�»X´È»X¼SÐºÀ±ÁS¼�»X¼SÇ�¯±À±´4­]»X¼�µZ¼�¸º­°¼SÀ±´ºÅ�ÄIµZ¼
H��*3, "%$�$

(x, y, α) ∈ M$B(� 
H1 ∈ D

¬�»(ê+À±´ºÅ�ê@­°¼SÁ�­�ç
x
Ù�»X´4¸ $B(4 

H2 ∈ D
¬�»(ê+À±´ºÅ�ê@­°¼SÁ�­�ç

y½(µZ¶�¾º¹ºÁ�­rÁS¬4­g½(µZ¶�¾�µ9¿SÀ±ÁSÀÂµZ´
H

µXÄ
H1

»X´4¸
H23��

H
ÀÂ¿�¸º­°Å@­°´4­°¼�»XÁ�­(¸ÈµZ¼�¯±À±´4­]»X¼  \& (�'

(D,M) := (D \ {H1,H2} ∪ {H},M \ {(x, y, α)}))¶�»X¼S³
H

����������������������µZ¼���� ��������Ù4»X´4¸�¿�­°Á�ÁS¬4­~¯±À±´4­]»X¼�µZ¼�¸º­°¼SÀ±´ºÅpµXÄ
H

ÀOÄ
H

ÀÂ¿ ��� ��� ���
,�(4 6� , '

(D,M)(&'����� *!,"-
%$'&�

(+! ����� ��� ��� �
�
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