— At 72 DS diagram (22U T

P IERE (b A T 2K

[FEARE I F—F08k 99) OFDXEDOREIL THLHRI DS diagram (25T
TLEN, HERSNTZ) &0 ) FRIFBILSABPE TRV L LD T:-), FA
X Tk niz) LW RHEEZFEHATLIFICLET, 2200ER IV LES DT
MIEERRR ) OIS ADFRXE BB LT F &, #LBRM DS diagram 35 & Y
G T T T DEBIIMUSADLO ( TFHRE I —5& BETE) 228
LTFEW, RTINS T 7 LT DIE1-FRIFT T T &0 )
CLIZEFHE LIz E BnET,

Z O draft 1 [5RE I F—5 099 TEWRROUERTT, TEX file X
BEVE L TV B O TR CAICRZ 20 b LIVER A DSRERITANE LE L, A
LiziEaix [3 20 type DS 2R E, LS 7 DS diagram 2R T LS4k
WIETGSNMAGET T T7RBIRED] LS HDTY,

1 EHREGEGR

ZOHEITIE &I S 7z DS diagram OEFR EFERIZHOWVWTRNRE, I3 70D
EREEZ I T LTI 7BDo TV HHE bERE TR TEWVWI &ILT 5,

fake surface P (2%t L 3rd singularity @45 % V(P), 2nd singularity D&
% E(P), 1st singularity &% F(P) £E<, graph G IZxf L vertex DER %
V(GQ), edge DEA%Z E(G) £EL, I T I 7IIMMEEMEEZE X TND, £z
777 LW oTe b vertex ZE E720 loop (BAH I AIZHEST I % hoop &I
)b LicT s,

EFE1X=(50G,[f) »—MtEhi= DS diagram(generalized DS diagram) (&
LTGS &38<) ThBLIIUTORMERETHETS : § = Usaiﬁm@@

QEREDEEY, GI1TS ED 3regular 27 77T, fix S 7ﬁ>%§>5 closed fake
surface P ~~® onto 72 local homeomorphism TR %727,

(1) flve : V(G) — V(P) % pointwise {Z 4 %f 1
(2) fle) : E(G) — E(P) % pointwise (Z 3 %} 1
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(3) fls—a¢: S —G — F(P) I pointwise (Z 2 %} 1

p
B=|JB} #GBED 3HIKT, 0B} =S2(i=1,....p) HIB=S LEZI

i=1
L& B/f B M) £EL, DS diagram @ & & L [F UARIC M(X) 1X 3 RIuLEk
BT, ZThz D ICE o TREASNDSRIELIES, M(X) 8 AT ARED
LE, MEMFTOENTWT, BIZIFZENEFERTLIMENA>TND LT 5,

E& 2 L=(SG,g) BIRN)LFES ST (labeled graph) T 5 LIZLLF D5
BRI HEETS SSGIEIERLIEFALET D, glXUG)(G D S* i) HEH]
%) 726 fake surface T, ~® onto 72 local homeomorphism TRZ 2T H D &
ERAN

(1) glvie) : V(G) — V(T,) 1% pointwise (T 4 %} 1
(2) g9le@) : E(G) — E(T,) I& pointwise (Z 3 %f 1
(3) g9lv@)-c: U(G) — G — F(T,) iZ pointwise (Z 2 5t 1

GS X = (S,G, f) IZxt LY 228 U(G) 285 & (Blx X L UF(Q))) 228
L), 9= flue XL, L=(S,G,g) BRT-NMNESTTIThD, ZDOTL
& 77 7% LX) &£EL,

E&E 3 L1 = (S,G,h) B 1-FR)LFEY 5 T (1-1labeled graph) ToH 2 & ITLAF
DEMZEWT-THFELTD : S,GIIEERLLFALET D, G, ©dHD (4-regular)
graph, h % G 7»5H G}, ~® onto 72 local homeomorphism T

(1) hlv) : V(G) — V(Gh) X pointwise (Z 4 X 1
(2) hlpe) : E(G) — E(G}) 1% pointwise (Z 3 % 1

GS X = (S,G, f) XL h = flg 8L, L = (S,G,h) T 1-T~ULfF&
T8 8%, ZD1-F-NAETTT% [1(X) £EFEL, FTTINfGF&ETT77
L=(S,G,g) ik Lh=glgBE, Li =(S,Gh)IF1-TFVNNETT 7Tk
Do ZD1-TNMNETTT7% Li(L) LEL,

TOEHETIEL-F-NMMETTFTTLVIEEBLBRVNS LARZRVDOT, KO
BRI G @D edge IZMETE 1-TABRDONTNDEEBXTH LW, E(G)) © M
fHiF 67z edge C (hoop DIGEHH V) ITxL, ¢~ 1(C) 3 320 component D
L&, TRFNICHEE 1-F UL O % local RRMBBE N ERT 2 FRFAT DM
XA 5 (K1 B, edge C 2 open arc D & XIXZDHE LMEE R, T2
TCOWloop D& XEEL), g 1(C) M 22D component NH725 & XIZh LT
g M2RE IR TOBTIZ 2C (ZD type D 1-F )L % 2 ER LIES) , 1%}
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LIZRoTWDZIC C D 1T )WEMT D (TZEL1- T E 7T 75 GS
MHBEES>TVDHE, ZHUTBERW; M 738, ¢ 1(C) 2 connected D
LEF1-T003C 25 (M1BR), 2D type D 1-F L% 3ER LIES,

Q\/

N

Q\/

NN

X 1

WIZGS, F_NANETTT, 1-T-NWAE T T T7ORMEZERL L D,

E&E42O0DGCGS X = (S,G,f) &Y = (9,G,f) BRAETHD EIES b
S" ~@ homeomorphism F & P 75 P ~® homeomorphism H H7F{EL T
flfoF=Ho fZmldHELTDH, ZnLten=% &&EL,



ETNWAFET T T L= (S,G,q), L' =(5,G,¢) BEETHD LI1ES D0
& S" ~® homeomorphism F & T, 2> & T, ~® homeomorphism H 237F7E LT
JoF |y =HogkWiledHLT 5, 20L& L=L E, GSTIZRLLE)
XRMEO#H T BRICRES, Y=Y 0LE, LX) =LY) Thd,

-F_NAFE 757 L = (S,G,g), L) =(5G,¢)NFMETH S LI1ES b
S" ~@ homeomorphism F & Gj 75 Gpy ~® homeomorphism H WNfFEL T
WoF|lg=Hoh#%Wil-d, FLdhH, ZOLEL =L LE, L=L DL %
Li(L) = Ly(L) Th 25,

DS diagram OH, TNONHIRED 1-T WX 77 7HREIED &%, DS
diagram & L CHREMEIZZ2 > TWD, GS TIXZ OFFEIIRIL L7, LLE<
DA 1-T N E 77 7 REHEZ: B, GS BERELT 5 SREIIFEMICR 5, HID
WDENLT B,

FE 200 GSE=(5G,f) &Y= (SG, f)BRAL1L F-WMf& 7%
WbprLx, 2FV Li(X)=L(Y) £hdéE, Li(X) PKROA B O ®3>D
type Z 22T IUE M(X) & M(Y) X, 2F0 M(Z) =2 M(Y) Th b,

% prime REEEICEA L T BIL &SNz DS BED D 1-F ~NATE 7T T )R
R U722 O 2ERBILFRHETH 5,

LT AFE 7T T RS E - ERICIRO WG L 725 32D type B, B, ©
FUTO®@Y) Th D,



///‘\\
A A [y )
\ /
\ /
~__~
3
X,Y T empty & DA 523D subgraph #F>7,
P* — b}
D, !
A1 A2
P3 — b3
Ds
A = Ay Dy
v
D Dy Do D, D3
4

-7~V A 2FF2 320 edge ZEFUITEFD B @ proper 72 2-disk % Dy, Do, D3
3% (K4ALEKB]), 320 2-disk Tcut L TTE % 3-ball T, annulus A; 58

>



FIZFFSOL D% B, &% (1 =1,2), annulus A; 2H4BH & identify S b & &
Bi/f = P? =}, 0(Bi/f) = D; UDy 72D T (BLU By)/f = (P? = b})a(P? — b3) =
PP —b3 (K445 EMBR), Z 2 THIEEREREM T I3H 2D 3-ball, A & Ay 23

identify &2 & X IIX 45 TROERIZ/R > TWEHD T (BUBy)/f = 5% % Sl—éf’
To D,

FoTH3IDEFRD 22D annulus DEFRD 1-F L LI A T, 220
annulus ESEH LRV EOEOLNIGEIE M(Z) = MitPP? &5, —F4
DML annulus &RV GOE LNDHEIE M(X) = Mit(S? x St) &7 5,

(&)




5 DEKELEENIFEIT S2D LiZh 256055 L, £ TRVGELH D, FLT
S2 Btk b L XiE—FHO annulus BORE BRI XRTHEOHELH D, WTHD
EHLERD1L- TNV ELTAL BEHD annulus 1B EBED & 720 annulus
IRV Gbhb b,

X 6 DFRIZ 2-disk & D1,..., Dg, annulus Ay,..., A4 &35, B%Z Dy,...,Dg T
cut LT, Ay,..., A, TEVADLEELDEEZ D EXTORRIZR>TWND, 7272
LIS Ay = Az, Ay = Ay DIE, BN A= Ay, Ay = A3 DGETH D,

X 7

Ik Dy TR GDETORKS THH, Tk W ZHREINTHhOHE 52 x
St— (2 Ubd) THDLIENGND, LML Dy U Dy 28 M(X) N® non-—separating
2-sphere MIFH Dy 175 Dy(Ds TH L) IZ[AD>D arc @ regular neiborhood %%
25 &, ZOMIITAERELEXTHIZR>TND,

S5EXT1I-TF)L ADFWE—FBRNHElONL—T% X| DJm~D> LEIN L=
N—T%ly & T D, V=Tl % f(l1) = f(la) L72DERITE D (ERD1-F )V AD

p

W ie—FSMID N —T % Y, DF~D LEI) LTz —7), B= ] B} T proper
i=1

72 2-disk % Dy, Dy % 0Dy = {1, 0Dy = {3) L7258RICE D, ZDEE f(DUD,)
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I 2-sphere TH DA, T I separating D & E 1L AR identification 12 & 5
TEHT M) = (52 x SHENIEN, E WO FRICET D, £ TRVWEE —FHIX
M(S) = M#(S2 x SVH(S? x SY), i M(Z) = Mi#(S? x SH4(S2 x S1) & 72
%, 72120, S? xS ix St Eod twisted S%-bundle,

X 8

X 9

[F— RO FIZE Y MitL(3,1) £721d Mi#L(3,2) 12725, M, 23 orientable T
self orientation reversing homeomorphism ZFF7z72V & 13 Mi#L(3,1) ¥ MitL(3,2)

Th D,



EREPRTTEOICIEFRD 2 >OMEE REIT IV,

HE5 250 ST =(S,G,f) &Y =(S,G,f) BAL 1 F_AME IS 7%
WDBEE, DED L(N)=Li(Y) 25 EE, Li(S) BB B O P 320 type
B R HUE L(E) = L(Y) Th B,

RE6 20 GS Y = (S,G.f) &2 = (S,G. ) BRALF_ XTS5 7%
MbBHLE, SFY LX) = L(Y) LABEX, ME) & M) XA, 2%V
ME) = MY Th b,

2 fnRE 5 DA

ZOETIENWL ONDORBEEZFER L7222 b b #3845, UL FRME: GS,
FRNWNETTT, 1 T-NWNETT7T78E2DHL X1, REE252% F Thl%
RLTEZXDZEICED S=5, G =G > identity 2% 2 >DEMEZ 5z T\
% ERET D,

WE 7 GSY = (S,G, f) ITx L Ly(X) 1Z 2 RO 1-F LB F =720,

BB 19UV 20 &0 edge 1ZZ O f 12L&V identify SN X3 21572
W, ZDOEEFRVDI-F YL C ZFFD edge 13 OWHIT fIZ LY identify i
BHDT, ZIUX f 2 local homeohorphism TH5DZ &IZKT 5, |

KD 2 S>OFEIL DS diagram @ & & & [RARIZAL Y LD,

HE 8 GSITBWTHIKIX 10 DFEZR 1-F ~IUAFTHITIIFEE LRV,

A A
A A
X 10

#HEE 9 GS IZBWTY identify &35 vertex DEDY D 1-F -~V T Y 12\ &
FLEVET LM OKIC/RoTWNWS, 22T A=BTEIHFINTVWE LTS,



et e a'es

X 11

fIBH  GS @ identification I local homeomorphism 72D T, #fiH 8 DI/ 1-F
SOUAHTFIIFE LR, 2 FERIZ local homeomorphism & [Fl—® 1-F L% 4
Dedge IZ3MEEWVI ZENDHK 11 DFRIZ/RoTWB Z &R0 5, |1

Z Z T singular block bundle ([1] &) DEFEE 7 77 G LObLDIZE L THE
FHLTBL,.G= | {vtU U etlicls, UG KBTHGLEDOTrY

veV( e€E(Q)

(@)
IR EVEELITUG) = U B(v)J U Ble) DETHD, ZITY &
UGV eGE
kEORXE I; =[0,1] ( =1,. ) %z 0 T@EDH T THEBID complex §5 &
&, B(v)={v} xYs, Ble) =ex Y2 L%,

Bj(e) = e x I, Bj(v) = ex I; £$2%, ZD#7 Bj(e), Bj(v) % subblock
EFES, de = {v1, 02} DEE, & I LD D i1, is BFIEL T Bjle) = Bjle) U
Bi,(v1) UBjy(v2) THY, de = {v1} DEXIIH jITHLHD iy E72id iy, i0 DFE
£ LT B;(e) = Bj(e) U By, (v1) £721% Bj(e) = Bj(e) U B, (v1) U By, (v1) ZW7= L
T3 (M123R),

X 12



&= U U U € oPicBid 2 U(f(G)) I singluar block bun-

Vev(P) ¢ cE(P)
dle DFEEZ ANEE L THEL, BB U(f(G) = U BW)Y U Ble

v EV(P e’
X5, ZIZTTBW)={v}xYy B(e’):e’xY;),’C“&)(éz "

7272 L 3ERID edge WIFET D &, Z DO F F Tidsingluar block bundle (Z1%72
BV, T I TZ D block #i&E %4 LA 272 singluar block bundle 258 % % :
MIFEHDELE, fle)=€¢ T 5D, ¢ RIZRVEZLED ) =¢ —{v} LB, V ’5?
vertial Z2TEUR & & 2 (G DTER TIXZRWDS, block G CIITEHR EE 2 D), RO K

2Ty kLD, Ble]) =e¢; xYs, BW)={v}xY; &L, B(c) DbV IC
B(ey) UB(V) & & %,

TDLEZDOHB;() % fTRHERTZLICEY, UG OTay I/ RLT,
f % subblock ([ZHIBR L7c & &, flp, ) : Bile) = Bj(e)) 2 f(x,t) = (f(x),t) &b
TR b DEHRTE S, LT T 7 G @ regular neighborhood U(G) % 12
EHE L, F7=IZ D7 singular block bundle #i#& % 1 SEE L TE x5,

HI12DGS Y = (S,G, fYBE2bNDE, f % GS OREOHF CHIZE
D#iz T, 5% bITz singular block bundle D#E&EZ RS, EOFHZHET D
XoicT& %, LF HTLK B f, f 72 E® identification map 1L Z DM %72
LTWBHDEIRET D,

GS X = (S,G,f) mEx6Nnd L, S—G Ed fixed point free involution(LAF
fHLIZ free involution & FES) ZIRDIRICERT HZ LB TE D :pe S—GITHt
Lftfp)={pp} &T5LE, 7(p)=p &35, 2D X »HWRED involution
S —U(G) ETEX D% (D) LWIRETEDT, fAS—GT2x 1D
local homeomorphism 72T, 7 d homeomorphism T&H %,

1-F_NAE 7T 7 (S,G h) 8526015 L U(G) @ singular block bundle @
BENDOU(G) B 1-FIAFTHENTWDHEEZ DT ENTED, G D edge 1T
OU(G) Fizxtisd % edge & 2262, £D 220 edge FlE% twin & FEZ
T 5,

Z D& E free involution 7(X) 1%, 1) Li1(X) @ 1-FLfHi) & compatible , >
FY 7(X) 1ZU(G) ED1-F A& edge R L 1-T I/ DfF Tz edge IZF
F2) 7(X) X twin edge AE2E &R0, D2 00OWEZF->TWN5,

T 1T - E ST Ly = (S,G,h) (kL S — U(G) o free involution 7
DIFELT, 1) 71% Ly ® 1-F AT & compatible T2) 7 1% twin edge R+
EEHEIpWET D, ZO involution % L, & compatible % free involution &
MR, TOLEHD ST =(S,G, f) REELT, L= Li(5) dor=7(T) &
o TS, ZOZ EZMMEDTE THRNTHL,

W3 BROBPAZ 2TV edge 13 G @ edge 2> E D edge TiZ72<, singular block bundle
NPOWREDL LD EEZ D,
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fiiRE 10 GS X = (S,G, f) T L 7(X) 1X Li(X) & compatible 72 free involution
Thd, WIZ1-TF-NWFETTF7 Ly =(S,G,h) I L Ly & compatible 72 free
involution 7 BFFET D L &, GST = (S,G, f) BIFAELT, Ly = Li(D),7 = 7(2)
DIRALT D,

UTF 220 % = (5,G,f) &Y =(SG f)IXRALC 1IN fFErI77%5
2%, DFEV Li(X) = Li(Y) 2T bDET 5, FIDLE [ rbIRED
involution 7(X) % 7, [/ HIRE D involution 7(X') % 7' LHEFLT 5,

ZITREERT D,

EE& 11 ( 2 0U(G) DH % component &35, L1(X) = L1(Y) &7 EED
YizxtL, ¥ &Y OFEE 52 5FHEER F BEELTF(rW) =17(F ) 23
FRILE % & & CIXHEE () 2RO LD @),

%72 G @ 3-regular subgraph H (Zxf L, OU(H) D3 _XT®D component 234EH
(x) ZFiD L&, HIIMHE (x) ZF2L W9,

iRl 12 3-regular subgraph H 2% hoop Z 727 1ux, HHE (x) ZF,

SEE MEET () RV ET B E, BB L COU(H) WFELT, 7(0) £ 7(0)
Ll TWVWB, £ ThRIFIUE F £ LT identity & & o7235AMWHE (x) ZR->T
LEI AR 1BEOL XL, (ERUC1I-TXVERL 1IIRBICRDIHDIEEH I 1
DLMPRVDT, 7(0) #7() 3R bR, LoTHX1BETRNET B,

A;\\_ﬁ__

Ao Ay
A

Ay y 7(0) or. ..

OOk

X 13

@772 L, BIRBAEZBROTIZE A LDOERA F i identity ThH D,
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(1) 7()=LDLZE, L D1-FV0VDINE A 1Ay A A1 Ay A, 720 TN D,
1-FV A ZHD G D edge X3 DULRWVWDTK 13 BRI BN HEAT
b, ZHIUIHESICFIET D,

(2) 7)) AL DO TU)ALDEE, ZDEE L), 0),7(T'(0) D4DILE
NENERSTWVD, L D1L-TXVD12% A ETHLLIEEND 1T
AT 1EZTTHD, Lo TH I3 ARIDO XS RERBHETH DN, it
B8 IZTFET 5,

EE 13 G D edgellxitnd 2 0U(G) EDedge a & x5, 1-F AT & com-
patible 72 2 D free involution 7, 7" IZxf L 7(a) = 7/(a) BRLTH L E (1 & 7
IZBIL T) type 0 EFELY, 7(a) & 7'(a) 2 twin TH D & & type A EFEY, £
PN DS type B EFEIZE 5,

B 14 1-7 ~UfHF & compatible 72 2 D ® free involution 7,7/ £[F U 1-7 ~L
AZFFD6 DD edge lZx L, type DFREFIZLLTFD 4D,

(0) T type 0

(1) type 0, type A, type B BENnEiL 2D

(2) type A232D, type B 254

(3) X T type B

FEBA DD Fact /R LR HAEAT 5, edge a & o 1T twin £ 95, 62D
edge & a,a/,3,3,v,7 £33,
Fact 1 a2 type 0 72 561X 7(a) b type 0,
ZHE 7,7 2% involution EWNVH T ENHLTITRED,
Fact 2 7(a) & 7(a/) 1T twin IZIZZR B2, 71220V T H[FEER,

(o) & () B twin 7295, 7(a)=0,T5E, 7(d)=p"L75, £oT
T(y) =+ L2 B7RFHIEAR 5T compatible DERIZTET 5,

Fact 3 a2’ type A2 61X 7(a) T type B TH %,

T()=0,T5L, 7(a) =0 Tdbd, 0Btype 0720 7 (f) =a=17(5) &
RO FE, B type A RDT(B) =/ 2DT, (o) =p0,7(/)=0 L725H5DT
Fact 21ZFJET 5, Lo TBldtype B TH 5B,

Fact 4 a2 type BZ2H1X o’ b type B TH D,

T(a)=0,7(a)=7¢&F 5, 7(o/) =" &T5& Fact 2ICFFETHDT, 7(d)
Xy 7213 T D, FRIZT (o) =7 &£T5H& Fact 2IEFETHDT, 7(d)
LB ERIZF THD, WTHOEES o IXtype B TH 5,

FREDFEHIZAA 5, type 0 D edge DIEHUE, Fact 1 & D IEEMETH 5, Fact 4
XV type B OEEHBEME TH S, F7- Fact 3 LV type B @ edge DEEIT type
A D edge DEELL ETH D, type 0 DIEFED 6 HDILHVMI (0) THD, type 0D
edge WAMEGFET DL, 7RV B type 0IZRDDTTEAEE WD FHIZRV, type
0 2 DHE, ZILHD twin & W9 FIRWDT, Fact 4 £V type 0 D twin 1
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type A IZ72 > T35, ZOHFAE (1) BEZ D, type 0 BIFELRWGA, type B
DIEEDS type A DEELAETEEAE Lo T D (2) £7213 (3) TH 5,

15 X 25— (}(G) D 120 component & 45, ZDLX
(1) X 23 2-disk 72 HIF 0X 1IME (x) ZFF2,

(2) 0X D& % component 3EHE (x) ZFF TITMD T TD component & MHEH
() ZFFD,

FEBA  OX @ hoop T2\ component IFAiE 12 L W HE (x) 2FF>, LoTTT
< % component (L hoop & LTI\,

(1) X »2-disk D& &, a=0X PHE (x) EFRZRW\WETDEHD 7 BIF
FELTr(a) £ 7(a) £725, a D1-F~YVR3ERIO L ZIIHE () ZFFODT,
aDL-FTNNVE ALTDH, TOLEEMELD (1), (2), (3) DWTHNITR>T
W5,

(1) @ & =1 type B @ edge RL23 twin 12720, Z40DS 2-disk Z5E->TWVWHD
T, Z® edge MBF> TV D 2-sphere S2 1Tk L GNS?IX 1D loop & 725 T
%, F % S FORMEMRT S?2 LIS T identitiy, S? ETIEGNS? #FEEL (GNS?
ZARE L RC) ek EmEERE N2 Db D LT 5,

X 14

(2) DEXIXTNDD edge DFe>TUND 2-sphere SZIETXTGEN SN 1LED
loop & 72> T 5, type B @ edge 23% > TU 5 2-sphere & S2,5% 9%, F %

117 12

S EORHEEM/T S2, 52 YA T identitly, S?,S7 ETIEGNS? ZEE LALEK

117 Mg 117 12

CLEEEREVNNZ DB D ET D,
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(3) DEXIXZINHD edge DFS TV D 2-sphere S ITTXTGENSE B 1ED
loop & 72> T35, type B D edge 233> T 5 32D 2-sphere )6 2 D& ERA T
S2,52 9%, F xS EORKERT S?, S LIST identitiy, S7,57 LTIid%Z

NoEANBZLLDET S, 12721, (ERITI T2\ 2-sphere E® component
LT BEE, F(r() = 7'(0) T TARICERS,

52 F s?

X 16

WINDOGES F BAMEEZ 5250 T, WE (x) 2RE2VEICTET 5,

(2) o BHEE (x) ZFFD2 0X @ component T 3 MEH (x) ZFF72720> com-
ponent £ 35, XoTr(f) # 7(8) BARIMLLTWBET D, 7(a) = 7'(a) £V
7(X)=7(X) 285, ZOLXx7(7(B) X3 LRL 1-F~ULEFD X DD
component (272> TW5, 8,7(8),7(8),7(7'(8)) ® 421 T 1-F V% Ff-DHH
H725 hoop DT ENLT twin 172503, B & 7(8) % involution THEVE I
DX twin (ZR2NRWDT, [ & 7(7(B)) 7L 7(8) & 7/(6) 25 twin (272 > T

15



5o ZDEEIFTOX E7iE 7(0X) D 220D component 23 twin (2725 DT, SIZ
genus 234 L TFJE,

WRE 16 H 2 1-7-~YL A 12320 hoop H 5725 subgraph, OU(H) = a; U
Uag &35 & EMHE (%) 2RV o OEENE, FELTZETTAETH D,

BB =97 LT ICBEILCHIE 14 D (2), (3) OBANRISBRVWEERT, 4
(2) FRTB) BRI 2TWVDB LT D,

S — (}(G) D oy &g Te component & X &35, X N 2-disk DFEIIME 1S X
DIE (x) 2FFOD T 2-disk TRWET D, X ITIEAMD component (31 DSFE
T %,

Fa; (i =1,...,6) IR LT &7 ZMENHELZFEHER ; BFEELT
a; = ri(an) E725B, Bi=ri(B1) Xi = ri(X) B E, B, 06 IFRAIT 1-F X
IVEFFD edge TH D,

OX B ag USAND o; (1 £ 1) ZEL L genus BEAETHDOT (K17TSM), o LS+
® component (FFERV, Ko Ti#jDEEX, #X; ThD, LoTi#iD
EEB £ B THD, TOEE [ (i =1...,6) ITZFNEI 3D twin 2D T
genus WHRAELTIFE, Lo T (2) £ (3) IT&E 22V,

aq
aq

FIfER b ON 2@ FEZRS O 3 #E
X 17

oy BEE (%) R0 E &, 200 involution 7, 7/ 12X LT, as, ag 25 type 0
ELTLW, Boinvolution 77" BIFEL T, BlZIEr & 7T L as 7213 ag 23
type 0 LISMZ 72 o CWNWB ET D, ZDOEX ay,...,asld 7,7, 7" THBVH S DT,
AT & FRICTER D, Lo THE (x) 2RV oid (FFET )4 E T
H5,

fHEE 17 @ ® D220 type ZERWT G I1IMHE (%) ZFiD,
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FEBA  MHRH 12 KO ME (%) 2FF7272VDid hoop & LTEVY, FE72 3EAD hoop
IEHE (%) ZFF OO T3EBTRVWE LT, Ko TRHUL-FV A 2FD 3
& hoop 726722 G @ subgraph H THE (x) Z WS OBFET H L& &,
A FEHITO®ITRDEETRT,

OUH)=a1U...Uag &35, fifE12 LME16 LV, a1, as D type B, a3, ay
D3 type A, az, ag D type 0 &£ 9%, Z Z Tinvolution 1% 7(a3) = oy, 7'(a3) = an
EWI-LTCWbET5H, Flhas & as, au & agMNtwin THDH ET 5,

S—[}(G) D oy ZETe component & X £935, 0X =0y 725 X 1% 2-disk T
HE (x) ZFFODT (Fiif8 15), D component § ZHEHR & LTEL, ZD 3 D
-~ (1) ADZEE (2) £ 95 TRWIGE, X375,

(1) 1-FRLBADEBE : Blidag,...,a DWVTIDITELY, as, a6 IZFE LW
ETBE, WEIBICFETD, axlZZELWVWET DL genus PEAELTHFE, Lo
T3 FlFa lZZELY, T2 Th=a3 & LTHREEZ KD,

Qs as aq %) Qg 875

X 18

OX D aq, ag LIS D component v EFATWH LT D, ZDLE7(X)=X7
DTOIX Ly EFUC 1-FNVEFED7(y) &EH, (T (X))IZRAT 1-F &k
27(7), T'(7(7)) ZET, ZD& X genus WAL TFE, Lo T X IiZannulus T
H5,

ar, a3 ZEBLHH 1-F L A ZFFON, annulus ETRTA OmE RIS

X9 1-FNAHTBGFEET D E, X LD orientation preserving free involution
% S2\ZYEETE 5D T, S? EIZ orientation preserving free involution 237F(Ed
HLOTHE, £>TX ETRTa & az D1-TVOMEIMETHD, ZOHE
® %5,
(2) 1-SRUNATRWMER : S1=03,0=7(8), B2=7"(0s), a =7 (0) & B
o Biy.. o, T X, 7' (7(X)), 7(X), 7 (X) DEFRLDOT, HHER-TWS, b
DI twin BDIFIET D, (1 & B30 05 = 7(61) &5 BRIZH D DT twin (27241
20N, By & By BREFRIZ twin (2RI, (1 & B D twin 1272 5 & genus BAFEAET
b, XoT LMD 5 Ll twin 272 B720N, B B RIERICHD 3; &1 twin (272
B2V, KXo T fs & By N twin 12725 TUN 5,
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Qs as 53 51 aq %) 52 54 Qg 87

X 19

OX D% oy & By BISAD component v ZEATEL T D, v, 7(7), 7'(7), T'(7(7)) P
ADFRBRDDT, ZORMNITtwin DIFET DN, v & 7(y), v & 7 (7) I twin 2
RRARNDT, § & (1)) EEr(r) & () B twin e B, L LR
BAb genus NEALTFHFE, Lo T X idannulus TH D, a1 D 1T~V A & 3,
D 1-7 )V B A2 FANZEATELS &, @ D type BRI 5> TWDBEHERTN D,

#HRE 18 3-regular subgraph H MEE (x) 28K H 3HEAD 1-F XV &R R TR
¥, H ®%H Y T identification (T unique, 7205 flym) = f'|lum) PHILT 2,

FEEA 3 EAAZ L7722V D T, hoop DA identification Id unique TH 5D, Lo T
hoop T72\ component %% x %, ( % OU(H) OAEE® component &35, Z D
LE L ERDD UH) DIEED subblock b IZXL 7(b— H) =7'(b— H) Za-¥lE
EV, TR LTV ET 5, (B LIBOBARLL TWDEDT, (13130
FETIERWNWET D, b &XRDD H D edge D1-T~b% A L LZDORED 1-F~1
Ay &35, 7(b—H)=b—H £\\5Z&ixH Y 2720 (RERZ T (b—H)=b—H
b X2 Tb—H,7(b—H), 7' (b—H), 7'(1(b— H)) 3872 5 subblock T %,
ZORMNTIT twin DFFEL, FMEESITTET D, (K20130 & 7(b) 28 twin & LT
HNTH D, )

Ay

X 20

18



INETOMETIZIEAERHLDERN —SMELZFEALE S, LIE) @, ®
D type ZFFZ72 T AVTHIRE 17 KO MHE (%) 2852, £72 QO D type ZFlz720 D
T3EMEIRY, Lo THIE 18 LV G DAY Tidentification IZ unique, £ >T
L(Y) = L(Y) DALY 5,

3 #nEdE 6 MEEHA

ZOHITIIMBEG6 ZFiEHT 5, X % planar surface £ L, 7 & X E® free
involution &9 %, ¢ & X PO loop TT(O)Ne=0¢,R5bDETH, ZDLET
IR DRRIZEZERT Do T, % ¢ lZIn->7= Dehn twist £ 95, = € X—((O](C)UT([O](C)))
WXL TE 7'(z) = 7(x), z€7(U(c) LTI (z) = Ter(z), = € Ule) ITxF
LT (z) =71 () &35, 71T X LD free involution 1272523, ZdD L X
X T B (clZiho72) R Dehn EBTHOLND EWVIFIZL LI,

FEBERAEEE LT F @ isotopy Hi(0 < t < 1) &L~ ¢ T Hyr B free
involution @ & & equivariant isotopy & W\, 7/ = Hi7 &R &7 17006
equivariant isotopy CTHEHID &9,

7' DT B EEAR Dehn £ & equivariant isotopy DF RS TE SIS & &, Dehn
EHRTELND EWVH, ROMEIL Dehn twist & Dehn surgery O AR BIFR D>
OEBHHEOLND,

WRE19 LX) =L(Y) £45%22o0GS Y = (S,G,f) &Y = (S,G, f) 8%
5, X &S — (}(G) ® component DEFE Y T 7 invariant RbDEF 5, 7 N7
N5 X 289 5 equivariant isotopy T2 bbb E X, Y=Y ThD,

Fleecz enNG=0»2cn7t(c) =0 L7225 loop £ T2, d= flc) Zck
ME)HADknot & RIcbDET D, 7 1% 725 (clZipo72) AR Dehn £ TH:
bhdbDET 5D, ZDEE M) % dIZIH>T +l-surgery LT TE D EERKIT
M(X) Th D, FFZ dIiX trivial knot THHDOTM(Z) 2 M(Y) Th 5,

H72% identification ZFFOHEIC b EHREO M EZ RT - DMEL HET 5,

##E 20 7 % annulus X k@ orientation preserving free involution &3 %, m %
X @ proper arc TOX OE72 % component S D ETH, ZOEXTHhD
equivariant isotopy THH V5 free involution 71 Tri(m)Nm =0 LR25LDN
T %,

FEER micmEZ AN TEL, &M mNT(m) 5 +1 & —1 @ intersection num-
ber % LIZFFOLGHEEE % D, innermost 72 2-disk d&&Ex 5, ZDEE7(d)=d
725 fixed point BFAET D, FlodnNr(d) # O DL E, HBRIT1IRDOAE R
%o ZDORD fixed point 12725, £oTdN7(d) =0 L2oTWV5E, ZDLE
equivariant isotopy IZ & 2 T intersection Z{H T HNTE 5,
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X 21

X o Tintersection BFEET 5 & &, intersection number X9 XCTF T AL 72157
RCvAFTRET D, 7(m) RIZERRA p 2BKRO mNT(m) DR g £Tarc 8%
Eb, m EICE g6 r(p) ETarcar &b, ZOLE, aBRqUIMzr(m) &
intersection Z£FTIX £1 @ intersection D WA FEAET D, XoTanrt(m)=qT
b, TOEET(B)=aT1(q) =q 2 VEEREFO>OTKE,

#RE 21 7,7 % annulus X O orientation preserving free involution T 7|gx =
Tox Wil T &35, ZDLE 71 7 HHAREBIO equivariant isotpy 2L 5
ERTHLND,

FIEA A DRELD component £H LEFSarc &m &L, TOERDEE p,q
L5, MIE20IZEY mnT(m) =0, mN7'(m)=0 &TX5,

C=1(m)&BE, T=mnr'(m)U(mnr'€)ulntl) &35, T ={p,q}
DL &, mUT(0)i%2-desk d Z bound LTW5%, dN7/(d) =0 7RDT, ZZT
equivariant isotopy Z HHWNT 7/ & L (B LTcRERZ 1 LEL), 7(m) = 11 (m)
ETED, X—(Um)UU(r(m))) X220 2-disk 72D T, 7 % S HIZ equivariant
isotopy T7 &—HIEDHZ LN TED,

XoTT DB p, qUANDREZATND LT D, ZD7253T innermost 72 D& E
25, B%m, L7 (m)EE () ND arc TULTORGEEZRZT O LT 5,
aNBMB 2/, aUBd bounde 5 2-diskZ d £ 55 &%, d&mUlur(m)Ur'(0)
® intersection (X aUS DI, ZD dIZXL dNT(d) = OB 50T, ZD 2-disk
IZB9 L equivariant isotopy %47 T intersection 29 H3Z &R TE 5, 1

TG R D TR EERT D,

GSY=(S,G,f) &S EDloopcTeNG=0,cNt(c)=0 ZFbl=3 b DITH
LHT LW GS X(c) ZIRDERICEFRT Do 7272 L M(X) 25 orientable D & Z 13 B IZ
EME) DmE LREFATIMEDBRA>TNDHD LT D,
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c ﬂ 7(c)
D1 D2

X 22

B W T c kO 7(c) 2 bound 3% proper 72 2-disk % £ Z4 Dy, Dy & T 5,
U(D;) = D; x [-1,1] % D; ® BIZ¥} % regular neighborhood &35, 72721
0D; x [=1,1] 3 9D; @ S IZF T % regular neighborhood T, 7(0D; x {£1}) =
0Dy x {+1} L2 BERITE B,

B —B— (z}(Dl) U ﬁ(m)), S — OB L#5<., fake surface P = f(S) it L,
P = (P —0D; x (~1,1))|J(E1 U ) &£3<, 772 L E; 11 2-disk T 9f(9D;
(1)) = 0F,, 0f(0D) x {~1}) = 0, L7225 b0LT5, f: 5 = P &arcS
DL I fi(z) = f(z), (D1 xA{1}) = f(D2x{1}) = E1, f/(D1 x {-1}) =
(D2 x {—1}) = By ZWhI23RRICEERT D, TDLE, X(o)=(9,G, ) LER
T2, M(X) & M(X(c)) DBMRIIKOHMETEH 2 b b,

#HRE 22 (1) S? = Dy U Dy % M(X) @ separating 2-sphere @ & &, M(X(c)) =
M, U My (disjoint union) & 432331, M(X) = MMy 725,

(2) S? = D1 U Dy 28 non-separating 2-sphere @ & &% M(3) 23 orientable ® & &
M) = M(S(c)4(S% x SY), orientable 0 & X 1F M(E) 2 M(S(c))4(S? x» 51)
L5,

EE 23 (1) M(Z) BT aIEEnE 9 2% L(E) TRE D,
(2) M(X(c)) 2XRE 22 @ (1) 2> (2) WNF L(Z) 2 HRkE D,

(3) M(X(c)) 25 connected T2V & &, connected sum 1% 3-ball %k < IFATIZHK
HFT D0, ZOHFII L) TRESND,

RBICHE6 DFERE 52X 95, ¥ = (S,G, f) £ Y = (S,G, fY DB L(E) = L(Y)
ki LTCW3B T3, OU(G) » component ¢ T S — J(c) Ti 2-disk % bound
BT, cnNt(c) =0 722 HODOEEIZ OV T D induction TART,

(1) ZORE e BMFIELAR N E %, S — [J(G) @ component X T 2-disk & annulus
USND G DHBFIET D &, ZORRR cl3fFET 5, T3C2-disk 25, DS diagram
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DG LERRIC M(X) 2 M(Y) £725DT, X idannulus &35, 7(X) # X 722
b, cBFETDHOT, 7(X)=X 9%, F£7= 7 orientation reversing 72 &, 5E
R ELEANIEZ 5D T, ¢ BFFET D, Lo Tr7lidorientation preserving &
T5, ZOLEFHE2 ZHEHTAIEICEIYVS= A0, M) 2 M) B
ARYA

(2) e BFHET D L&, E(c), Y(c) [IMEDIEZHVD & M(X(c)) = M(X'(c))
D35,

()M (X(c)) = My UMy, M(X(c))=M; UM, D& X : M(X) 2 orientable ® &
&, [, IEMERERATHLICRINTHDOT, M & M BRESZHTH
726 My & MY HE S THDHL, My & M BmME I LTRMERD My & M,
bEHThB, ZOLE MM, & MEM, LA E b 2 TR, ME 2L
TRFETH D, M(X) 25 non—orientable D & 1% MM,y = M{tM), ThH %,
(b)M(%(c)) 25 connected D & & : M(X) 2% orientable D & &, M(X) = M (X(c))15%x
St M(Y) = MY (c)gS? x ST £ M(X) = M(X) Tdb %, non-orientable DI
A M(B) = M(S(e)tS?x, St M(X) = M(Z'(c)§S? %, St &V M(X) = M(Y)
Thod, 1

& Xk

[1] Ikeda, H, Singular block bundles, Yokohama Math. J 22(1974), pp 79-100
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