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ES ������������ �!���"�#�$�%�&�'�(�)�*�#�+�# (2001 ,�-�.�/�0�1�2�3�4 [5�6 ]) 7�8�9�:;�< )�=�>�?�@������� �!���"�A�B�*�CD=�E�+�#�& 1– F�G�H�I�J�F�KLA�=NM�B���O�P�Q�R�:�E�=
A�ST=�U�VW>
XTX C�!���"YA�=�ZLEY[ vertex 7�\�U�]^= loop ( _�`�a�)W*�P�b�Z ; X�c 7 hoop A�B�d ) +e V�f�P�V�g�> fake sureface P P�h�: 3rd singularity #�i�j�7 V (P ) k 2nd singularity #�i�j�7

E(P ) k 1st singularity #li�jm7 F (P ) Aon�pq>r!W��" G PDhs: vertex #tiTju7 V (G)k edge(hoop

+ edge A�B�d ) #�i�j�7 E(G) A�n�pq> X�X CT!���"�&�v�w�x�y�A�z�{ ; =�g�>
6�| 1 Σ = (S, G, f) @ extended DS diagram ( }�~�� DS diagram ��: ; ES A�n�p ) C���g�A
&�� < #����m7���E�V�fsA�V�g�> S & 2 ����k G & S ��# 3–regular ]�!���"TC���g�> f & S �
[��Tg closed fake surface P ��# onto ] local homeomorphism C���7���E�V�>
(1) f |V (G) : V (G) → V (P ) & pointwise P 4 h 1

(2) f |E(G) : E(G) → E(P ) & pointwise P 3 h 1

(3) f |S−G : S − G → F (P ) & pointwise P 2 h 1

E��m:�k F (P ) #������ X P�h�: f−1(X) & 2 ��#��T��7�����A�V�g�>
B 7 3 ���uC�k ∂B = S A�z�{�E�A�� , B/f 7 M (Σ) A�n�p�>

6�| 2 (S, G, g) @u�L���� s��!u�u"�Cu��gsAL&^� < #L�u��7L�YE�V X A�AlVsg�> S, G &L$�%
1 A^���uAlV�g^> g & U (G)(G # S P^�Y��g^���u��  ) ��[ fake surface Tg ��# onto ] local

homeomorphism C���7���E�V�+�#�A�V�g�>
(1) g|V (G) : V (G) → V (Tg) & pointwise P 4 h 1

(2) g|E(G) : E(G) → E(Tg) & pointwise P 3 h 1

(3) g|U(G)−G : U (G) − G → F (Tg) & pointwise P 2 h 1

E��m:�k F (Tg) #����L� X P�h�: g−1(X) & 2 ��#�����7�����A�V�g�>
ES Σ = (S, G, f) P�h�:�¡�¢�]���  U (G) 7�£�d�A�k g = f |U(G) P�h�:�k (S, G, g) &������� ��
!��T"�P�]�g�> X #������� ���!���"�7 L(Σ) A�n�pq>
6�| 3 (S, G, h) @ 1– �¤���L ��T!��L"TC��Tg�At&�� < #��T��7D��EtV X ALA�Vmg�> S, G &t$�% 1

AD�m�LAoVugD> Gh 7T�Tg (4–regular) graph k h 7 G �u[ Gh �m# onto ] local homeomorphism

C E(G) ��C�& pointwise P 3 h 1 k V (G) ��C�& pointwise P 4 h 1 ]�+t#�>
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ES Σ = (S, G, f) P�h�: h = f |G A�¥�p�A�k (S, G, h) & 1– ������ ���!���"�P�]�g�> X # 1–

������ ���!���"�7 L1(Σ) A�n�pq>�U�E������� �!���" L = (S, G, g) P�h�: h = g|G A�¥�p�A�k
(S, G, h) & 1– �D���� ���!���"�P�]�gt> X # 1– ������ ���!T��"�7 L1(L) A¦n�pq>X #�$L%mCL& 1– �¤�L�� m�L!T�T"uAo=§M©¨ª�t@m:t]D=m�u+T: c ]D=m#LCDkD�m#t«mP G # edge P¬ �D ��T���L��@��T= ; =�g�Aoz�{ ; +L��=�> Gh # ¬ �D ��m[ c E edge(open arc U�E�& hoop)

C P¤h�:¦k h−1(C) @ 3 �u#D�L��#mAD��k� cm®tc P ¬ �D ��T�t�T� C 7D u�Tg�> edge C @ open

arc #�A���& X #�¯Tj�:���°u��]�=T> h−1(C) @ 2 ��#����m��[�]Lg�A��T&� c �uC h @ 2 h 1 P
]�Z ; =�g�����P 2C (

X #YA�� X #�������7 2–type A�B�d ) k 1 h 1 P�]�Z ; =�g�����P C #
���T��7� m��g ( E��m:������L ���!��T"�@ ES ��[�$T%�) c gD¯�j�k X�c &�����]t=²±´³�µ 6 8
9�¶·> h−1(C) @�¸�¹u#�A���&������ 3C 7� ���g (

X #�A�� X #������m7 3–type A�B�d )>
�mP ESk (1–) ������ ���!���"�#���º�7�$�%s:���M»>

6�| 4 2 ��# ES Σ = (S, G, f) A Σ′ = (S, G′, f ′) @��^º�C���gYA^& S ��[ S ��# homeo-

morphism F A P ��[ P ′ ��# homeomorphism H @�¼�½�: ; f ′ ◦ F = H ◦ f 7���E�V�f�7�=
M¾> X #�A�� Σ ≡ Σ′ A�n�pq>
UTE������� ���!���" L = (S, G, g) k L′ = (S, G′, g′) @���º�C���g�A�& U (G) ��[ U (G′) ��#

homeomorphism F A Tg ��[ Tg′ ��# homeomorphism H @�¼�½�: ; g′ ◦ F = H ◦ g 7���E�VW>X #mA�� L ≡ L′ A�n�p¿>
U�E 1– ������ Y��!���" L1 = (S, G, h) k L′

1 = (S, G′, h′) @��Wº�C���gYA^& G ��[ G′ ��#
homeomorphism F A Gg ��[ Gg′ ��# homeomorphism H @�¼�½�: ; h′ ◦F = H ◦h 7��mE�VW>X #mA�� L1 ≡ L′

1 A�n�pq>� < �tº�] GS kr�D���L m��!L��"T&T��ºu7�Àm{Lg F CTÁL�DÂ�: ; zm{Tg X A�Pm��Ã G = G′ C
identity @ 2 ��#T��º�7�À�{ ; =�g�A�Ä�$�V�g�>
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�T��#�Å�Æ�P���ÃÈÇ�ÉT&^��#�«�]�$�Ê�7DË�Ì�C���g�>

6�Í 5 2 ��# ES Σ = (S, G, f) A Σ′ = (S, G′, f ′) @����������� ���!���"�7�Î�Ï�g�A���k���U
Ã L(Σ) ≡ L(Σ′) A�]�g�A���k M (Σ) A M (Σ′) &���w�k�Ð�Ñ M (Σ) ∼= M (Σ′)>
=ªp�����#�³�µ�7�Ò�Ó�:�]�@�[�$�Ê�7�ÒmÓ�:���M»>

Ô�Õ
6 ES Σ = (S, G, f) P�h�: L(Σ) & 2–type #�������7���E�]�=�>
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Ö�× ����� 2C 7�+�� edge &��#�Ø�Ù�@ identify ) c�Ú g�7�Û�]�=�> X #�A���ÜNÃ�#������
C 7���� edge &T�#�Ø�Ù�C identify ) c g�#�C�k X�c & f @ local homeohorphism C���g X A
P�ÝTV�g�>

ES Σ = (S, G, f) @tÀ�{m[ c gmA , S −G �u# free involution τ @D� < #�«uP�ÎmUTgNÞ p ∈ S −G

P�h�: f−1f(p) = {p, p′} A�V�g�A���k τ (p) = p′ A�VYg�> X # Σ ��[�Î�U�g involution 7 τ (Σ)

A�=ßMÈË�à�C�á�â�VW>
!��L" G # regular neighborhood U (G) 7 1 ��ãt$ª:qk f 7T�tº�#tämåWCDæ§Ã»çm{ ; k U (G)−G

@ τ (Σ) C�è�QuP�]Tg���MoP�V�gt> τ (Σ) 7 S −
◦

U(G) P�é�ê�:DE�+�#u+��m��Ë�àmC�á�V�> U (G) P
block bundle #�ë�ì�7^í c k f 7���º�#�ä�å�CWR�P�æNÃîç�{ ; k ( ï�����+ X Ï ; ) block bundle

#�ëTìm7�ð�Z ; =�gm��MoPtV�gD>W� <òñ�; p�g f , f ′ ]�ó�# identification map & X #t���m7��uE
: ; =�g�+�#�A�Ä�$�V�g�>

(1–) �����L ���!���" (S, G, g) @�À�{m[ c g�A U (G) # block bundle #�ëLì���[ ∂U (G) @��
���T ���[ c ; =�g�A�z�{�g X A�@TC���g�>�E���:�k 3–type #T������#� �= ; =�g edge & 3 �
# block #�ô�õ�P�]�Z ; =�gu+�#�A�V�g�> G # edge & ∂U (G) ��P�h�ö�V�g edge 7�÷È��+���@
�# edge ��ø�7 twin A�B X A�P�V�g�>X # free involution τ (Σ) & 1) L(Σ) #������T ���A compatible kT��UsÃ τ (Σ) & ∂U (G) ���
���T �� edge 7 ¬ �m+�\�ÏT���t�����T ��L# edge P�ùTV 2) τ (Σ) & twin edge ��øu7�ù�)D]�=Lk
# 2 ��#�ú�û�7���Z ; =�g�>ü P (1–) ������ ���!���" L = (S, G, g) P�h�: S −

◦

U(G) ��# free involution τ @�¼L½�: ; k
1) τ & L #W�l�W�T ���A compatible C 2) τ & twin edge �lø�7¤ùY)l]l=YAoV�gl> X # involution 7
L A compatible ] free involution ADBtdT> X #uAD�T�Lg ES Σ = (S, G, f) @D¼T½s: ; k L = L(Σ)

��� τ = τ (Σ) A�]TZ ; =�g�> X # X A�7�³�µ�#�ý�C�Ì�þ ; ��p�>Ô�Õ
7 ES Σ = (S, G, f) P�h�: τ (Σ) & L(Σ) A compatible ] free involution C���g^> ü P��

���� ���!���" L = (S, G, g) P�h�: L A compatible ] free involution τ @�¼�½�V�gYA���k ES

Σ = (S, G, f) @�¼�½�: ; k L = L(Σ),τ = τ (Σ) @���ÿ�V�g�>

F1, F2 7���w�] surface C F1 ∩ F2 = Ø 7���E�Vª+�#�A�:�k τ 7 F1 ��[ F2 ��#L��w�ù���A�V
g�> ◦

F2 � # loop c P�h�: Tc 7 c P���Z�E Dehn twist A�V�g�>
τ1 7 τ1(x) =

{

τ (x) (x 6∈ τ−1(U (c)))

Tcτ (x) (x ∈ τ−1(U (c)))
A�V�gD> τ, τ1 7 F = F1 ∪F2 ��# involution P�]

g��mMoP�}u~�: ; �sp�> X #�QTý�7�� c P��uZWE���� Dehn Q�ý�	 A�Bt��k τ1 & τ ��[ c P��mZWE
��� Dehn Q�ý�C^Û�[ c g�A�=NM¾> ES Σ = (S, G, f) P�h�: τ = τ (Σ) 7�z�{�g�> S −

◦

U(G) #��
g���� F1 P�h�: F2 = τ (F1) A�V�g�> ◦

F � P loop c 7�A�Ã τ |F1∪F2
�m[ c P���ZLE
��� Dehn Q

ý�CDÛ�[ c g involution 7 τ1 A�V�g�> F1 ∪ F2 #�����& τ1  c ����& τ C�À�{�[ c g involution

7 τ ′ A�V�g�A τ ′ & L = L(Σ) A compatible ] free involution P�]�Z ; =�g�>
������ �!���" L(Σ) A X # involutionτ ′ PWh�: kT³�µ 7 �YÃ k ES Σ′ = (S, G, f ′) C L(Σ) =

L(Σ′), τ ′ = τ (Σ′) A�]�g�+D#�@�¼�½�V�gt> X #mA�� M (Σ′) & M (Σ) ��[ f(c) P���ZLE ±1 Dehn

suegery C�Û�[ c g�>
U�E c & B C proper ] 2–discD 7L~�Z ; =ugD> f(c) & M (Σ) C 2–discf(D) 7T~LgW#TCDk f(c) &

trivial knot CT�LgD> tirivial knot P�uZWE Dehn surgery &��T«L�m7�Qm{L]D=�#LC M (Σ) ∼= M (Σ′)

@��Tÿ�V�g�> X�c [�7�³�µ�#�ý�C�n�= ; �ªpq>
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Ô�Õ
8 2 ��# ES Σ = (S, G, f) A Σ′ = (S, G, f ′) 7�zm{�g�>

c 7 S −U (G) � # loop A�V�g�> τ ′ = τ (Σ′) @ τ = τ (Σ) ��[ c ��ZTE���� Dehn Q�ý�CtÛ�[ c
gmAD�tk M (Σ′) & M (Σ) �u[ f(c) P�uZWE Dehn surgery CDÛ�[ c g�> ü P M (Σ′) & M (Σ) �m[
f(c) P���ZTE Dehn surgery C�Ûs[ c g�]m[��tk τ ′ = τ (Σ′) & τ = τ (Σ) ��[ c P��uZTE���� Dehn

Q�ýmC�Û�[ c g�>X #�A�����P M (Σ′) ∼= M (Σ) @���ÿ�V�g�>
�T��P���ÃÈ��#���µ�7�������$�Ê�@�Ò�ÓTC���g�>

� Õ
9 F1, F2 7 planer surface with boundary C τ, τ ′ 7 τ (F1) � F2 7���EDV F = F1 ∪F2 ��#

free involution C τ |∂F = τ ′|∂F 7���E�V�A�V�g�> X #�A�� τ & τ ′ ��[���ê���#���� Dehn Q�ý
C�Ûª[ c g�> X�X C isotopic (rel ∂) ] homeomorphism &�����A�� ; =�gt>
Ö�×

](∂F1) (∂F1 # component #�� ) P���= ; #����� �C���V�>
(1)](∂F1) = 1 #�A���k F1 & disc ]�#�C τ, τ ′ & isotopic >���Z ; ��ÿ�V�g�>
(2)](∂F1) < n #�A�����ÿ�7�Ä�$LV�g�>�! ](∂F1) = n A�Vmg�> F1 ��P proper ] arc m 7�A�g�>
(2-0)τ (m) ∩ τ ′(m) @ 2 "�C τ (m) A τ ′(m) @ isotopic (rel ∂) #�A�� Þ isotopy C�Q�ý�V�g X A^P
��Ã τ (m) = τ ′(m) A�Ä�$YC���g�> F ′

1 = F1 −
◦

U(m), F ′

2 = τ (F ′

1) P�h�:����� �#�Ä�$�7�¡�ö�V cf�Pm��Ã»k τ , τ ′ P�#�: ; +��Tÿ�V�g X A�@�����g�>
(2-1)τ (m) ∩ τ ′(m) @ 2 "�#�A��òÞ%$ 1,2 # c P���Z ; τ ′ P�h�:���� Dehn Q�ý�7�&NM»> X #�¹�'
C��Tg involution 7 τ1 A�Vmg (� < ��� ) >�$ 1 #�¯�j�&�R�P�$ 5 # c P�TZ ; ��� Dehn Q�ý�7
&NM X A�P���Ã»k (2-0) #�¯�j�P��)(�C���g�>
(2-2)τ (m∩ τ ′(m)) @ 3 "�����#�A�� Þ*$ 3 #�«�]�����@�¼�½ª:�E�A�V�g�A�k+$ 3 #�Q�ý�C inter-

section 7�,�[oVLf�@TC��Tg�>Y�tZ ; intersection &T�m� ¬ ��CD° X Z ; =ugmA�: ; �o=�> X #�AD�
intersection @ 3 "����YC�� c ��k�$ 4 U�E�&�$ 5 #�«Y]�����@�¼�½�V�g�#�C.-�&�Ã intersection

7�,ª[�V X A�@ ñ�/ g�>

τ (m)

τ ′(m)

c

τ (m)

τ1(m)

$ 1
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