oo

3000o0o0g
pre-fiber surface 1 deplumbing [0 (O [ [

ooogoogd oooood Ooon
oo oo
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1 00

000000 30000 S300 prefiber surface d deplumbingD D0 D00 0. OO0 00O,
pre-fiber surface 0 000 000000 Sharlemann-Thompson 0000000000 [5]. S0
Odisk DO link LO 200000,00000000000 +0 —-00000O0ODOODOOOOO
0.L0DO000OD0O0O00O0OO0DOODO0ODO 360000000 00O0O00OO0O0O0O0O0O00O0
Olink JOOOOO. OOODOOOOOOO O unknotting operation 0 0 0. OO, L0 knot
O00000. 0000, LO0O0OO0O unknotting operation(s) 0 00000 OO0 trivial knot
0000000000000 0. 00000, LO unkontting operation(s) 0 00 O trivial knot
00000000 unknotting operation(s) D 0000 LO unknotting number D0 0. OO
00 Sharlemann-Thompson 0 0000 O.

00 1.1 [5) 00, LO unknotting numberd 10 knot 0 00O . OOOO LU minimal genus
Seifert surface SO 00000000 O0OOO.

S0 00 surface 0 Hopf band O plumbing 0 00 0O 00O, OO unknotting operation
000 Hopf band OO DODOODODOODOODODO.

D

——

(1) (2

0 1.1: Unknotting operation

0 1.2 01.2(1)0 QuachD0 00000000 knotO OO [8. 0120000000000 knot
0 unknotting numberJ 1000. 000000 1.10 SOO00O00 surface00 1.2(1) 0000
oo.

0 1.2: Unknotting number 1 O knot



00 LO fibered link OO0 OO minimal genus Seifert surface 0 0000000000000
0. 0000011000000 LO fibered linkOOOOOOO, SOO0OOOOOO. (OO,
unknotting numberd 10 00 fibered knot I 00000000000 QuachDOODOOO0O
000 [8.) 00000 110000000 SO00 surface 0 Hopf band 0 plumbing0 0000
0000oDoD0oO. SO000 Hopf band DO O OO O OO unknotting operation 0 00000 OO
000000000 surfaced S'O00000000. 0000 S0 trivial knot O Seifert surface
0000000, 000004 Seifert surface d pre-fiber surface 0 OO0 0 00000000 0ODOO
O60000000. 0000000000, 00 prefibersurface0 0000000, 0000
00 twist 0OOO0O0O fibersurface0 000, 00000000000000,000000000
O000O0O0000D00O. OO0 fibered knot O unknotting number 0000000 O pre-fiber
surface 0 0000000000 O. 00000 surfaced 000000000 pre-fiber surface O
000000000D0000. 0000000 fiber surface O pre-fiber surface 0 000 (:200
00000000)000 prefiber surface 0 0 0000000000000 . 000000OOO
OO0 2p00000000000000O0DODOO0O0ODOODOOO0OO (0O 33). 000000
00ooooDoDoO0OO0O00oO0oODoo00O.oooogooog.

00 1 RO prefiber surface00 0. 00 RO 200 surfaces Ry, R, OO0D0O0O0O0DOOODOO
O00.0000 R, (000 Re)0O pre-fiber surface D00, Ry (D OO Ry)0O fiber surfaced 0 O .

0000200000000 plumbing (:(40000000000)000000O00O,00000
goboooog.

00 2 RO prefiber surface 0 00. OO0 RO 200 surfaces Ry, Ro 0 plumbingd 0000
0000.0000 RiOO0O ReDO pre-fiber surfaced OO .

000020000 R0 pre-fiber surface0 00 000. 0000 Ry O fiber surface 00 O 0O
00 (D000 100)000000,0000000D000. 000 600 R, 00 O non-fiber
minimal genus Seifert surface 0 pre-fiber surface 0 OO0 0000 OD0OOO0ODOO.

00000000 00000D000. O 200 knots, links, Seifert surfaces, fiber surfaces, sutured
manifolds, 00 000000000000 0O0ODOODODOOOO. O 300 pre-fiber surfaces d 0O
0000000000000 DO0O0. 0000000 330000000, 040000 1000
O00. 050000200000. 06000 trivial knot 0 2-component trivial link 00 Seifert
surfaces0 000000 OO pre-fiber surface 0 deplumbing00 00 O 0 surfacesd OO0 000
ooDooooooooDoooooooog.

goooooboobo,bobboooobooboboobooboboboooobboooboonoon
O00000D0ODO000.00000000000DD0D0DOO prefiber surface0 0000000
000000000 (00 6200 Facts ABOOODODOOOOODOODOOOOOO). OO,00
000o0b0obo0ooooD knotsU linksOUOODOODOOODODOOODOD. ODODODODODOODO.



2 00

2.1 Knots and links

30000 $*000,000000000000000000000DODODOOOOOO 100

00 S'00000000 1ink000. 00 1000000 linkO knot 0 00 . Knots, links 0
0000000000000D 9000000, Link LOODO,0000000 N(L)DDOO.
S3\IntN(L)DO E(L)ODDO,LO000000D0O.
00 p:S®—$?20 $3000000 S?200000000. L0O0p(L)000 ¢0 p~Ye)nLD
20000000000,c0000000000,p Y(e)NnLODD00 000000, 2000
000n.,00000.0000p0 LOOODDDOOOOOOOD,pK)0ODDDOO0O0OO00OO
00020000000000000.

023000 024000000

00,000000 §?0 y000000000000000 x000000.00000 p(L)
g200000000,0000000 z:00000000000,000000000.0D00
00 p(L)00000200000000000000000DODO0ODOODOOOOO,000,00
00000000000 k0000000 O0.0p(L)00 LODODDOOODOOODODOOOOOO
ooooO0.dobbOd knotO linkO DO OO 25000.

& ®

trivial knot trefoil knot figure eight knot

() (O

2-component trivial link Hopf link

g 250000

HopflinkOOOOODODOOODOODO 4Hopf linkO —HopflinkO 2000000000000
go.



+Hopf link —Hopf link

0 2.6: £Hopf link

Link LO0O0O,S3000000000000000,0000000000 surface SO, 00
00000 oS=L000000 LO Seifert surfaceO0 OO .

00 2.1 000 link LOOOO, LO Seifert surface0 0000 .

000 pUOrLoobobOoob.boobobbobobobbobboooboUoboo poooo
00000000 oo0oooooo Pooo.

D D

/_}U
x N
~__ T
/\ N

02700000

0000 D' 0000000000000 0000000000000O0DO0O0O000O0OO0Og
diskOOOOOODOOO. 00000000 diskOOODOODOOO0OO0O0O0OO0OO0OOO0O0O0O00
000 disksOOOO disjoint 000 000. O000O0O0DO0ODOOOdisksO, 000000, O
00000000000 bandd0 000000000000 LODODDOOOOODO0OOOAO surface
SO00000.00 DO000disk0O0 D'NLO0 LO0OO0OO0O0O0O00000000O0000
0,00000000000D0O00000 SO0DODO0O0O00. ogoooa,oesooonood
00 LO0D000D0. SOO000000000000000000D0. 00000 S0 L3O Seifert
surface 0 0 O .



028 BandOOUODOO

0 2.2 +HopflinkO O annulus0 O 0O O Seifert surface0 00000000 . 00 O +Hopf band
ooo.

+Hopf band —Hopf band

0 2.9: + Hopf band

Surface SO0 OOOOOO x(S)OD0OUOO0OOODO. Link LO Seifert surface SO
X(S) = max{x(F)|F O LO Seifert surface}

00000000, 000000000000 0000000 surfaced00O0OD0OO, SO
minimal genus Seifert surface0 00 000O0.

2.2 Fiber surfaces

L0 8300 link, SO L O Seifert surface D 00. 0000 SNN(L)O 9SO SOOO0O00O0O
O0000o0ooooooO0.ooo0 SNEWL)(=S\IntN(L))0O Se00000000. Link
LODO0OO, 00 Seifert surface SO (E(L),0E(L))0 S0 00000000000 OOOO
00 (E,0E)D (Sgx[0,1,08px[0,1)0 00000 000000000000, SO fiber
surface 00 0. 00 fiber surface 000 000 LO fibered linkd 000 fibered knot(0 [
0. Fibered links, fibered knots 0 00 0000 O0O0OOO [9].

00 2.3 Fibered link O Seifert surface SO 000, 00 3000000000000O0O0.



1. §0 minimal genus.
2. 50 incompressible.
8..50 fiber surface.

00 SO link LOOOO fiber surface0 0000, Sgx[0,1]0 [0,1]0 00000 Sg0000O
OoooOoooo, Sg0 E(L)000 OO0 "00000000. 00 Seifert surface S’ 000
000 E(L)000* 000000000000 S'0 fiber swrface0000000000DOO.

O 2.10: Fibration

0 2.4 (Trivial knot)
KO trivial knot 00 0. 30000 S30 200 3-balls By, B, 000000000000 0O0

O000. 00, KCoBi(=0B,)00 D0 0B, 00O diskD oD, =KOOOOOOOO. Dy
00B,00disk D, 0000000O0O0ODO. OO0 BiO B, OOOOODO D10 D, O0ODODOOO
000000000000 21100000000 3-ballDOOO0OO.(O0O0,00000 90B;\D;

0oo0o0o0oo s2oo0.)

0 2.11: 3-ball

0000 D;000 KO Seifert surface (SO 00000 00)00000000O,0 21200
Ooo0o0oo SO F(K)O0OD* DO0"00000000.00000 KO SO fiber surface O

00 fibered knot OO0 O QOO0 OOO.



0 2.12: Trivial knot O fibration

O 2.5 0 2.50 trefoil knot, figure eight knot O fibered knot 000000 O0O00OODO.

0 2.6 (Non-fiber surface)

02130000 200000000 annulusO fiber surface D 000 O, OO minimal genus
Seifert surface 0 00000 O000O00OO.

0O 2.13: Non-fiber surface

2.3 Sutured manifolds

0000 2000000 sutured manifold0 0000 000.
Compact 0000000300000 MO,0M0O0 surfacey 000000 (M,~)0 sutured
manifold00000,00 1,2,3000000000.

l.y0 annulas 000 A(y) O torusO000 T(y)OOOOOO,

2. A(y) 00O component 0 suture D 00 000000000000 000O0OO
0000000 s(y)DOODOOOOOOO,

3.R(y)=0M\Inty D0DO0O, R(y) D0, 0R(y) 00000 s(y) 000000
O00~y00000000D0ODODO0OO0O0,00000000. (R(yyOOoOoOO



000000000000, 000000000000000 R4(y), R_(v)O
gg. d

Compact 0 00000 surface SOOO0 O, M =8 x[0,1], v = 05 x[0,1], Ri(y) = S X
{1}, R_(y)=Sx{0}0000, (M,~)0O sutured manifold 0 0 O. 00O OO sutured manifold
0000 product sutured manifold 0 00 .

0O 2.14: Product sutured manifold

Sutured manifold (M,+)000, MO proper 0000000 disk DOOOOOOOO, DO
product disk OO0 .

DNRy(y), DNR_(y)OOORL(y), R_(v)0 proper D OO 0OO0OOOO arcO
gooooo.

00,0000 (M,v)O product disk DOOOOOO0O0O0O decompose 00 OO0O0OOO. O
oooooo (M,4)o0 (M,y) 000000 O sutured manifold 000000000, OO
sutured manifold (M’,7")0 (M,~)00 DO OOO0O product decomposition 00000
oooogo.

product disk

suture

0 2.15: Product decomposition

Sutured manifold (Ng,~y) 0 OO O product decomposition O O :(No, o) D1, (N1,71) Dz,
L Dr, (Np,7p) 0 N,O 3-ballsD O 00 By,...,B,0 s(y)NB; (i =1,...,k)0 100 sutured
000000000 oooOobd, 0d product decompositiond 00000 complete product
decomposition 00 0. SO link LO Seifert surface00 Sp(C E(L))0000D0000. 000



00 (N,6) = (N(Sg,E(L)), N(0Sg,0E(L))) 00 000 product sutured manifold 0000 00 .
00 (N,6)0 SO0 000D sutured manifold000. N¢=cl(E(L)\N), 6 =cl(0E(L)\ )
00, (N¢6)O Ri(6°) = R_(6) D00 ODOO0ODO sutured manifold (N¢6) 0000 SO
complementary sutured manifold 0 0 0. SO complementary sutured manifold (N€¢,§¢) O
00 O complete decompositiond OO0 0000 OO product decomposition 000 SO complete
C-product decomposition 0 [0 [0 .

00 2.7 R c 80 oriented link L O Seifert surface 00 0. 0000 LO RO fiber 000
fibered link 0O D0 O0OO00OO0OO, RO complete C-product decomposition 00000000 .

00 00 LO RO fiberO00O0O fibered linkO0 O OOOO0OODOOOO0OO, RO complementary
sutured manifold (N¢,0°)0 (Rx [0,1,0Rx [0,1)0 0000000000 "000000O0O.

—~000. 0000 (N6 = (Rx [0,1,0Rx[0,1])000. 00 RO proper 0000
o0 ares ai,...,an 0 U%‘D RO 100 diskO cutO0000ooogooog. Ood
00 D; = «a; x [0,1)(C (N% )i = 1,...,n) 0000 D;0 (N¢6°) 0 product disk 0 O
0. (N%0°)(= (Ng,0o) DODOODOOO)O Dy,...,D, 0000 product decomposition 00 O
0:(No, 0o) =5 (N1, 81) 2% - 2% (N,,,6,). 00000000 (N, d,) 0 (Ds x [0,1],0D? x
0,1)000000.000 RO complete C-product decomposition 0 0 O .

<000. 0000 (N46°0 complete C-product decomposition (Ny, dg) Dy, (N1, 61) N
2% (N6, 00000, 00 (N,,d,) = (Dx[0,1,0Dx[0,1)000. (00 POOOO
0 disks0000000.) 00 product 0000 product disks Dp,..., Do, D; 00000000

O000000.0000 (Ng,d)(= (N€06°))0 product sutured manifold 000000000,
OO0D0O0OD0 RO fiber surfaced 00O .

0 2.8 O 2.16 0 Seifert surface0 000 O00OO.

0O 2.16: Seifert surface

0 21700, OO0 Seifert surface d complete C-product decomposition 00 000000 0.
000000 fiber surface0 00000000,

10



product
decomposition

product disk

<«
product

decomposition

0 2.17: Complete C-product decomposition

24 000

ooooooooo R(CS?’)D 200000000000 Ry, RRO0O2n00000O00O00OONO
00000000000 plumbingOO0OOO0O0, 00 2000000000000000O00O0O:
1. R=RiUR,, 00 RiNR,O02n 00 DO oD OO0 aq, by, as, bo,...,an, by

0000, a; (b)) O ORy (OR:) DO OO, Ry, (Ry) OO proper 0 arc0 000
0oo.

2.8300 3-balls By, B,0,0000000000:

B1UB2:S?’, BlﬂBgzaBlzaBQZSQ
B; O R; (i:1,2) (2.1)
0BiNRi =0ByNRy=D

¢ RiD

. bl
e
—_—>

‘z§

0 218 Ry, RoODODODO

11



2000000000000 D0ODb0OD. 400000000000 plumbingCOO. OO, O
000 R(000 Ry)0 RUDO Ro(0D0DO Ry)0O deplumbingd OO0 OOOOO.

Observation 2.9 Seifert surface SO0 OO0 2.19(1)0000000000O00O0O. OOoOO S
00 Hopf band O deplumbing0 0000000 .

[
/
ror )

L

0 2.19: Deplumbing Hopf band

0000 dual disk 0 complementary sutured manifold
R,R\,Ry,D, B, B,00000000.0000,cl(S?2-D)0 D*000, DO dual diskOO0.
00 RO complementary sutured manifold O (N€,§¢), R; 0 complementary sutured manifold
0O (NS56500000000. 022000000000 D*=D*NN¢O N¢O proper 000
0000 diskO s(69)0 2n00000000000O0.

(1)

0 2.20: Dual disk D*

02202)0000000000000000O0O0O0O22(1)00O0O.

12



(1) (2

0 2.21: Dual disk D*

00000 221(2) 00000000 N°OD*0 cwtD 000000000 200 components
0000,00000000 compoment 00 (N€¢ 6, D*00 induce 00 O sutured manifold
structure 0 000000000 (N:%6:), (N5,6)000000. 000000000000
ooooag.

Proposition 2.10 (N¢, 60 (N1%,6:9), (N2¢,6°)0000000000000. D;Y0 Ry(6:°)
0000000 POOOOO disk, D,"0 R_(6,)0000000 POOOOOdiskdO0. O
000 N°O N0 N,°00 DyP0 D, 00000000000000 homeomorphic 0 00
s(6,°)Us(6:,5)00 D1\ s(8)(=0Dy \s(6) 00000 2000 ares 0000000000 1
0ooooo0o0ooooo.

00 2.11 Rc S30 S200 oriented surfaces Ry, R, 00 00000000. 0000 L=0R
O RO fiber OO0 fibered link0 000000000, +=1,20000 L; =9R;0 R; 0 fiber
000 fibered link 000D OO0ODO.

<000. Ri°=cl(R1\ D), R =cl(Ry\ D), D* =cl(S?\ D)0 000, R= Ri°UDU Ry*
O00.00 R*=R1“UD*URyO L O Seifert surface00 0. Ry* =R,cuD*000. Ry O
fiber surface 00000 230000000 R*0 RROOCDODODOO. OO isotopyd O 2.2200
000000000000 R*D RO isotopic00D0O00O0DODODO. OO0 R, 0000 RO R*
odo2200000000000000000000O00. 0000 RO DO"0O000O0O0
00000. 00022000000, RO fiber surface OO .

13



0 222 Ry, R, 0000

=000. RO RFO0ODDO0ODOD. Isotopyd 0000000000 RO R*O S%—IntN(L)
O disjoint 00 0O0. OO RO fiber surface0 0000 RO R*0O isotopicO000. O0OO OO
S3—IntN(L)O RUR*D OO0 200 product sutured manifolds (Hy,d1), (He, 62) 0 00 00
oooog. 02230000 product disks Dy, Do, ..., D, 00 00 product decomposition [
000, (R x[0,1],0R:° x [0,1]) O Re O complementary sutured manifold 0 0000000
sutured manifold0 0000, 00 RO000000O00O0O. 000 ReO complementary sutured
manifold 0 product sutured manifold 00 0. OO0 LyO RO fiber 00 O fibered link 00O O .
00000 L0 RO fiber000 fibered linkO O O .

0 2.23: (Hy, 65)

0 2.12 0 1.20 (1)0 surface0000000. 00000000000 surfaced O 200 Hopf
bands O deplumbingO0 000 2.80 surface0 000 0. 00000 2.11 00000 fiber surface
o0oo0oopoooo.

14



3 Pre-fiber surfaces

S0 S300 connected Seifert surface 00 , (N¢ §¢) O S 0000 complementary sutured
manifold 00 0. 00, Ry(6%), R_(6°)0000 disjoint O compressing disks DT, D~ 0000
00oDooOooooogd, SO pre-fiber surface00000O0.

NeO DTuD -0 cwt0000000000O0 NYOO0O0OO, (N¢,§° 0 product
sutured manifold D OO OO0O.

0000, S O compressing disks D', D 0000000000000: IntD' NIntD =
0, D"NnNe=D+, D NN¢=D-. 00000 D' ,D O prefiber surface S 0 canonical
compressing disks 00 0. 00 N¢O NY0O 200 1-handled attachD 0000000000
000000,0000 N0 Ry(5)00 attach0 O O 1-handle 0 D*handle, R_(8) 0 O attach
000 1-handled D~ handleOO0O.

00, N0 connected(0 OO disconnected) 0 O 0 0 O, pre-fiber surface SO type 1(0 00 type
2)00oooog.

0 3.1 000 3.24, 0 3.250 surfaces 0 pre-fiber surfaces0 00000 O0000OO0O.

00 3.2 [6] SO0 genus g0 pre-fiber surfaced 000 trivial knot 0 000000000 3.24
0 %3 O isotopic 00 O .

O 3.24: Pre-fiber surface E;

00 3.3 [7] $300 genus g 0 pre-fiber surface 0 0 00 2-component trivial link 0 0 0 00 O
oooo 3.250 E?]D isotopicJ O OJ .
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O 3.25: Pre-fiber surface 23

00 S000 typelODO. ¥20 ¢g=0000 type2000, 0000000 typelOO0D.

e complementary
pre-fiber surface sutured manifold
D7
D+
o= | LA
! {ll" —
Y
ﬁ_
‘D-

e/

‘D~

0 3.26: Pre-fiber surface J complementary sutured manifold

Pre-fiber surface SO 000, 000000O.
00 3.4 Fiber surface 0 pre-fiber surface 0 0 O O O pre-fiber surface 0 0 O .

00 Ry 0O fiber surface, Ry O pre-fiber surface, R;, R, 00000 ROOO. OO 21100
00000000d. Ry0O fiber surface 0 O O, complete C-product decomposition DO 0. O
00 0 decompositions 0 00000 O disk DO disjoint 0O 000 . OO complete C-product
decomposition0 0000000, Ry 0 complementary sutured manifoldd OO0 0 0. Re O pre-
fiber surface 0 0 0, Ry 0 complementary sutured manifold O (surface x [0, 1] U (D" handle) U

16



(D~ handle), O(surface) x [0,1)000000. 00 decomposition0 00 0000000000
surfacex[0,1]0 0 00 RO complementary sutured manifold 0000000, 00 RO comple-
mentary sutured manifold O (surface x [0, 1]U (D*handle) U (D~ handle), d(surface) x [0, 1]) O
00000000 DDOO0O. 000 RO pre-fiber surfaced 0 0.

00 06000000000 DOOO0OODO, OO pre-fiber surfaceD fiber surface 0 0 O surface
0 plumbing OO pre-fiber surface0 00 000000, 00000,

S300 surface SO SO proper 0 000000 arca0 000, 8’0 SO,a0000 twist O
0000000 surface0 0000, 0000000000.

DNS=a000000diskDOO0O,SO00 DO cutO00O £360°000000
oo00ooooooDOoOo sSsooooo.

Pre-fiber surfaced twist D OO0 000000 OOOO "0O fiber surfacesO0 000 0000O0O0O
O000.0000o0oooooao.

00 3.5 [6] SO canonical compressing disks ﬁ+,ﬁ_ 000000 prefiber surface 00 0. a
0 SO proper 0000000 arcd DT, 0D~ 000000000000 OOOOOOO. OO
00,0000 SO +twist 000 00000 surface S’ 0 fiber surface 0 0 O .

0360310x0000000. Arca(c £H00 327(1)000000000000 350
O«0000 twistD OO ODODOOQO surfaced fiber surface0 000000000, 00 twist O
00O, trefoil knot, figure eight knot 0 0O O O. (O 3.27(2))

trefoil knot

figure eight knot

(1) (2

0 3.27:
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4 001000

00 1 RO prefiber surface00 0. 00 RO 200 surfaces Ry, R,OO0O0D00O0O0ODO0ODO
O00.0000 R, (000 Re)O pre-fiber surface D0 0, Ry (D OO Ry)0O fiber surfaced 0 O .

00 00 D, By, B, (N¢6§), (N6, D*, D0 240000000. 00 DY, D~ O
(N€,8° 0 canonical compressing disks 0 pair000. (00000 (N¢ 640 DTuUD™ 0O cutD
000000000 NY0O000, (NY,690 (F x[0,1],0F x [0,1]) 0 homeomorphic 0 00 .)
00 RO pre-fiber surface d 00 connected D 0 0. O0OO0OO Ry, Re O connected 0 OO .
Innermost disk argument, outermost arc argument 0 0 0 D*0 D% handle, D~ handled disjoint
000,000 (N9, 600 product diskO 00, 00000.

Case I. RUO type 1.
00 D*0 N°¢O 200 component D D0 000, N“0O 200 components My, M, 0000 .

0 4.28: Ml, M2

Case 1. DT handle, D™ handle 00O M;, 000000 M,0O attachOO 0.
0000000 MO attachOOOOOO. (O 4.29)

0 4.29: Case 1.

18



Proposition 2.100 0 N¢, No¢0 N¢O D*0 cutO0 0 suture 00 4300000000000
oad.

0 4.30: Case 1.

000 Ry0O fiber surface, Ro 0 pre-fiber surface0 0000 0000000O.

Case 2. D" handled M; 000 MO attachOd O, D™ handled M, OO0 M; O attach O
Ooo.

0000 DY handled M; 0 attach OO, D™ handled M, O attachO00 000 0. (O 4.31)

0 4.31: Case 2.

Proposition 2.100 0 N;¢, No¢0 N¢O D*0 cutD O suture 00 4320000000000
oad.
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0 4.32: Case 2.

0000000 R4(6°0 R_(6;°)0 homeomorphic0 D0 O0OOOOOOO. OO0 Case 2
gooogoo.

Case II. RO type 2.

0000 (NY,690 200 product sutured manifolds 00 00000000, 0000 product
sutured manifolds 0 (N, 6,°), (N9, 6)000.

D*Cc N,“000. Ry (6%, R_(6°0 connected 0 00O, D*handle, D~handle 0 N, 0 N,
O000. D*0 N°O 200 component 0 0O 000, N,¥0 200 components Ngi€, Nyo©
0000. Re(6°, R-(6;°) 0 connectedd O O, Dthandle, D~handle 0 000 N, U N, (O
00 Ng®UN,Y)O attach 00D

0 4.33: Nalcl, Nagcl, Nbcl

0000 Dthandle, D~handle0 000 Ng UN, O attachOD 0 0000 .(0 4.34)

20



O 4.34: Case IT

Proposition 2.100 0 N;¢, No¢0 N¢O D*0 cutD O suture 00 4350000000000
oad.

O 4.35: Case IT

000 Ry 0O fiber surface, Ro 0 pre-fiber surface0 0000 0000000O.
ooooo1ooooog.
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5 Uo2000

00 2 RO prefiber surface00 0. OO0 RO 200 surfaces Ry, Ro 0 plumbingO0 0000
0000.0000 RiOO0O ReO pre-fiber surfaced OO .

00 OO0 D, By, By, (N6, (N<,6°), D*, D0 240000000. 00 D+, D- O
(N€,8° 0 canonical compressing disks 0 pair000. (00000 (N¢ 640 DTuUD™ 0O cutD
000000000 NY0000, (NY,690 (F x [0,1],0F x [0,1]) 0 homeomorphic 0 00 .)
00 innnermost disk argument 0 00, D* N (DU D~) 00 component 0 arc « 000000
O0. 00 dal 0D*N(RL(0°))0 100 component 00000000 type A, 0000000
Otype BOOODODOOOO.

R+(5%)

R<ac> B R ()

type A

R+(&°)

0 5.36: D*N (DTN D7)

Type A arc0 00 OO0 outermost arc argument 00 0000000000000 O0OD0OO
0000000000 DT, D-0000000000 D*N(DYuD~)00 compoment O type
BarcDODOOOOOD. 000000 ares000 R(65)00 2000000000000, (O
5.37)

R+(§%)
R-(3% R-(%)
R+(&°)
0 5.37: Type B arc

Claim. (N¢ ¢ 00 product disks Dy, D, 0 000000000000.
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1. (D1UDy)N(DTUD™) =10
2.Ry(0)00 are 000000 OO0DOOO0OO.
(a) BNDy =0B8N Dy :10
BN Dy=06NDy:10
(b) D*0 D1UD20 0000 bandO attachO 0000 O diskO (N¢, §9)
O properly isotopic 0 O O .

0 5.38: Dual disk D*

ClaimO000. 00 D*Nn(DTuD™)=0000. 0000 D*0 Fx[0,1)00 disk0 00D
0,0010000300 Caim0000000. 0000000 D*Nn(DtuD™)=0000.
0000 D*N(DYuD~)00 componentd type BOO O, D*0 D*N(DYuUD™)0 cut00
00000,200200 Ay, ApO0n—-100400 Ri(i=1,...,n—1)0000D0.

R+(5°)

« Rl |R-(8)

R+(&)

0 5.39: Al, AQ

000 Aj(j=1,2), R;0 F x[0,1]0 proper0 embed 000 disksDO0O00. OO0O0O00ODO
100002000 A;0 F x[0,1]00 product disk, 00 1000 1000 R;0 Fx{1}0
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parallelJ disk 0 D000 0000000. D*O00000 disks000D0000000O000O, A,
0D;000000000 ClaimO0ODO.

00 RO pre-fiber surfaced 0O connected 0 00 . 00000 Ry, Ry connected0 0 0. O
O0D*0 N°ODODOOO DyuD,0 NeOODOO.

Case I. RO type 1.
Case 1. D;UD,0 (N¥,50 200 components My, My 0000 .
00 p0d M,DODDOOODOOO.

0 5.40: Ml, Mg

Case 1.1. DT handle, D~ handle 0 00O M, 0O attachO O O.

0O 5.41: Case 1.1.

0000 NoYO M, 0O DT handle, D™ handle 0 attach0 O 00O O. OO Proposition 2.10
000 00000 suture0 000000000, (O 5.42(a), (b))
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0O 5.42: Case 1.1.

00000 R+(62°) 0 R_(62°)0 homeomorphicO D O00ODO (b)0ODOO0O0O. 000 (a)O
0000000,000 Ro0O prefiber surface000000000000. 0000000, suture
00000000 Ry fiber surface0 00000 OOO.

Case 1.2. DT handled M, O attachO 0O, D™ handled M; O attachO0 O.

0O 5.43: Case 1.2.

0000 N0 MO, D™ handled 00000 1-handled attachO OO OO 0O. OO
Proposition 2.100 00 00000 suwture0 000000000, (O 5.44(a), (b))
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(b)

0O 5.44: Case 1.2.

00000 R+(6:°)0 R_(6:°)0 homeomorphicO0 D000 (b)0ODOO0O0O. 000 (a)O
0000D000,000 R0 prefiber surface0 00 00000000O00O0.

00 05450000 D*0000, R0 fiber surface0 000D 00O ODODO.

0 5.45: RO fiber surface0 00 00O O

Case 1.3. D' handle, D~ handle0 00 M; 0 attachO O O.
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0O 5.46: Case 1.3.

0000 N°0 MO, DY handle, D~ handled S0 0000 1-handled attachd 00O O
0. 00 Proposition 2.100 00 00000 swture0 000000000, (O 5.47(a), (b))

O 5.47: Case 1.3.

00000 R+(6:°)0 R_(6:°)0 homeomorphicO0 D000 (b)0ODOO0O0O. 000 (a)O
O000000,000 R0 prefiber surface0 00000000 0O0O0O. OO0DOODO, RO
fiber surface0 00000 O00O0O.

Case 1.4. DT handled M; O attachO 0O, D™ handled M, O attachO0 O.
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0O 5.48: Case 1.4.

0000 NyO MoO D™ handled attachO OO0 O O. OO Proposition 2.100 00 6,0
0000 sutwe0 000000000, (O 5.49(a), (b))

O 5.49: Case 1.4.

00000 R4(62°) 0 R_(62°)0 homeomorphicD0 0000 ()0 (b)0D0O0OD0O0ODODO. OODO
Case 1.40000000.

Case 2. D;UD,0 (N¥,§0 300 components My, My', Mo O OO0

000 M, M0 Ny°0000, M,0 N0000000000. 00 NSO connected O O
0,000 M,OOOO, MO M'0000.
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0 5.50: Ml, Mll, M2

Case 2.1. D' handle, D~ handleD 000 M; UM, 0 attachO0O O.

O 5.51: Case 2.1.

DT handle, D™ handled M; UM, 00 attach 000000 55100000000. 000
0 N0 My UM,"0, DT handle, D~ handle S0 0000 1-handleO attachD O OO0 O.
00 Proposition 2.100 00 00000 sutwreJ 000000000, (O 5.52A(a), B(a),
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O 5.52: Case 2.1.

00000 Ry(6:°)0 R_(61°) 0 homeomorphicO0 0 00O A(a), B(a), C(a), D(a) 00 D00
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Oo00. 000 A(b), B(b), C(b), D(bh)DDODOOOO,000 RO pre-fiber surface 00 O
O0O0000DODOO0.00D0000, RO fiber surface0000OO.

Case 2.2. DT handled M, 0O attachO 0O, D~ handled M;UM;'0 attachO 0O O.
R_(65)0 connected 0 00 D~handle0d M; 0 M,’0000.

O 5.53: Case 2.2.

0000 N0 My UM{'0, D handled 400000 1-handled attachO 0 O0O00O. O
O Proposition 2.10000 600000 suture0 000000000, (O 5.54(a), (b))

O 5.54: Case 2.2.

0000000, ()0 R(6190 R-(61°)0 homeomorphic0 0D O OOOOOOO. OO0
()0 0000000,000 RO prefiber surface 000000000000, DOOOOO,
R, 0O fiber surface0000ODO.

Case 2.3. DT handle0d M; UM;’'0 attachO O, D~ handled M, O attachO 0O O.
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O 5.55: Case 2.3.

DT handleDd M; UM,’00 attachO000O0O00O 55500000000. 0000 N,°O
My UM, 0, DThandled S0 0000 1-handled attachO OO0 OO O. OO Proposition 2.10
000 6,°00000 suwtwreD0 000000000, (O 5.56A(a), B(a), A(b), B(b))

O 5.56: Case 2.3.

000,0000000 Ry(0:90 R_(6:°)0 homeomorphic0 D OODOOODOOOO. OO0
Case 230000000.
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Case 2.4. D" handle, D~ handle D 00 M, 0 attachO OO .

O 5.57: Case 2.4.

0000 No°0 My O Dthandle, D~handled attachd O 000 O. OO Proposition 2.10 0
O0 00000 suture0 000000000, (O 5.58(a), (b))

O 5.58: Case 2.4.

00000, Ry(602°) 0 R_(62°) 0 homeomorphic0O OO0 (b)0O00O0OOO. OO0 (a)
OO0000O000,000 ReO prefiber surface 00000000000 0O0. DODODOO, Ry
O fiber surface0 00000 .

Case II. RO type 2.

0000 (NY,690 200 product sutured manifolds 00 00000000, 0000 product
sutured manifolds 0 (N, 6,°), (N9, 65)000.

Case 1. D;0 N,Y0000,D,0 N,¥ODOOODO.
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D1, D0 (N¢,6°0 40 0 components Ng1¢/, Ngo’, Ny, Npo? 000 0. 000 Ng©, Ny
0NS(:i=1,2)0000000000.

DFhandle0 N0 Np“000000000.0000 Ry(6°0 connectedd 00 B0 Ny
0 Ny“OOooo.

H/_/'
Nai¢ Np2¢'

0 5.59: Ng1®, Ngo®, Ny, Nyt

Case 1.1. D~ handled N,“ U Nyp® 0O attach 00 O.

O 5.60: Case 1.1.

0000 No®O Ngo®UNye® O Dthandle, D~ handle0 attachd 0000 O. OO Proposition
210000 &°00000 sutweO0O0OO0000000. (0 5.61(a), (b))

O 5.61: Case 1.1.
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00000 R+(62°) 0 R_(62°)0 homeomorphicO D000 (b)0ODOO00O0O. 000 (a)O
O000000,000 R20O prefiber surface0 0 0000O0OOO0ODO. OODOODO, RO
fiber surface0 0 0000 .

Case 1.2. D~ handled N, 1“UNy¢ 0 attachO 0 0O.

O 5.62: Casel.2

0000 N0 Ny UNy»©0 D™ handled 300000 1-handled attach0 0000 0.
00 Proposition 2.100 00 00000 swture0 0000000 00O. (O 5.63(a), (b))

O 5.63: Casel.2

00000 R+(6:°)0 R_(6:°)0 homeomorphicO0 D000 (b)0ODOO0O0O. 000 (a)O
O000000,000 R0 prefiber surface0 00000000 0O0O0O. OO0DOODO, RO
fiber surface0 0 0000 .

Case 2. D;, D,0000 N,Y0000,00 D;UD,0 N,“0 200 components Ng1¢, Ny
gooo.

0000 g0 N.“00000000000.
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0 5.64: Nalc/, Nagcl, Nbcl

Case 2.1. DT handle, D~ handled 00 Ng® UN,Y O attachO 0 O.

O 5.65: Case 2.1.

0000 No°O Ng®UN,® 0 DY handle, D~handled 30 0000 1-handled attach O O
O000. 00 Proposition 2.10000 600000 swtureJ 000000000, (O 5.66(a),

(b))

(a)

O 5.66: Case 2.1.

00000 R+(62°) 0 R_(62°)0 homeomorphicO D000 (b)0ODOO0O0O. 000 (a)O
O000000,000 Ry0O prefiber surface0 0 0000O0OO00OODO. OO0ODOODO, RO
fiber surface0 0 0000 .

Case 2.2. D7 handle, D~ handle0 00 N, UN, O attachO O O
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O 5.67: Case 2.2.

0000 N°0 Ngi“UN 0 DT handle, D"handled attachD 0000 O. OO Proposition
210000 400000 sutuwre0 000000000, (O 5.68(a), (b))

O 5.68: Case 2.2.

00000 R+(6:°)0 R_(6:°)0 homeomorphic0 D000 (b)0ODOO0O0O. 00O (a)O
O000000,000 R0 prefiber surface0 00000000 0O0O0O. OO0DOODO, RO
fiber surface0 0 000 0.

Case 3. Dy, D,0000 N,0000,00 DyuDyO N,“0 300 components Ny,
Nao)” Naay¥ 000 0.

a.

Nox1)”s Nazy? 0 N,°00000D00000.

00 No°O0 connected 0 00, 000 Nu® D000, Nogy® O Nygey? 000D .
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Case 3.1. DT handle, D~ handle d O O Na2(1)0/ U NGQ(Q)C' UN,Y 0O attach DO O

D" handle, D"handled N, 0 N, 000000, NGQ(l)C' U NGQ(Q)C' O N“0000.
0000 Dt handle, D~handled attachO0 00000 5.7000000000.

O 5.70: Case3.1

o000 Nyedo NGQ(l)C' U NGQ(Q)C' UN,“ 0 DV handle, D"handled S0 0000 1-handle O
attachO 00O 0O 0O. OO Proposition 2.100 00 600000 suture0 000000000,
(0 5.71A(a), B(a), A(b), B(b))

O 5.71: Case3.1

00000 Ri(02°)0 R_(02°)0 homeomorphicO0 O 00O A(b), B(bh)DODOODODO. OO
0 A(a), B(a)DOOODOODODO,000 ReO prefiber surface 000000000000, OO
0000, RO fiber surface0 00000

Case 3.2. D7 handle, D~ handle0 00 N,;¢0 attachO O O.
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R, (6%, R_(6°)0 connected 0 0 O, D handle, D"handled N,“ 0 N, 0000 .

O 5.72: Case 3.2.

0000 N°0 Ngi“UN 0 DT handle, D~ handled attachD O 000 O. OO Proposition
210000 400000 sutuwre0 000000000, (O 5.73(a), (b))

O 5.73: Case 3.2.

00000 R+(6:°)0 R_(6:°)0 homeomorphicO0 D000 (b)0ODOO0O0O. 000 (a)O
O000000,000 R0 prefiber surface0 00000000 0O0O0O. O0ODOODO, RO
fiber surface0 0 0000 .

googooz2000ooa0.
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6 Pre-fiber surfaces[] ] [0 0 deplumbing [ []

6.1 Pre-fiber surface ¥} 0 deplumbing

000 0 pre-fiber surface 1 0 deplumbing0 00 0000000000000.

J...\

(€)) ©)

0 6.74:

06740000 £ 0 isotopy 0000000000, X0 (2)00000000000000
00000000.0675010000000000,06.76020000000000000.
06750000000.

Fact 6.1 X1 0 pre-fiber surface O fiber surface(Hopf band) 0 deplumbing 0 O O .

i@
)

O 6.75: Pre-fiber surface O fiber surface

gevenooobDDO.

Fact 6.2 %10 pre-fiber surface J non-fiber minimal genus surface(0 2.6) 0 deplumbingD O 0 .
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O
~Q

0 6.76: Pre-fiber surface d non-fiber minimal genus surface

gerrdoooonono.

Fact 6.3 X1 0 pre-fiber surface O pre-fiber surface 0 deplumbing 0 0 O .

el

O

0 6.77: Pre-fiber surface 0 pre-fiber surface

6.2 Pre-fiber surfaces Z;, Zz 0 deplumbing

Fact 6.4 ;0 ¥2 ;0 Y30 plumbingD 00000, 00 %20 ;0 %30 plumbing0 000
00.00%002-100 230000 deplumbingD 0 X3000000000. 00 ¥20
02900 320000 deplumbingd O ¥20 00000000,

g 067800 Z;D 2¢ 00 E(Q)DDDD plumbing0 O OO0O0O0OODOOO0O. ODOO0ODOO

ZgD 2g+100 E%DDDD plumbingD O OODOO00ODOOOOO. 0DOODO Fact 6.4000.
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goooooboobooboobobooooooobobooboo.

Fact A D;DD 6.79 00O OO 2-component trivial linkO0O0O000000O. D;D 002100
0000000000000 0 Seifert surface d Z;DDD.

O 6.79: Pre-fiber surface D;

Fact ADDOO. 068100 Z%DDDDD D%DDD 2100000000000 000b000
Seifert surface d isotopic0 0000000 O0. OOODOOOOOODOOODOO.

Fact B D;DDG.SODDDD trivialknotDDDDDDDD.D;DDD 2100000000
00000000 Seifert surface O Z;DDD.

O 6.80: Pre-fiber surface D;

Fact BODOUO. 068200 Z%DDDDD D%DDD 2100000000000000000
Seifert surface d isotopic0 0000000 O0. OOODOOOOOODOOODOO.
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Facts A, BO Observation 2900 00000.

Fact 6.5 %) 00 g 00 +Hopf band(s) 0 g — 100 —Hopf band(s) O deplumbingd O %3 O
oooogoooo. Od, 23 00 ¢gO0O +Hopf band(s) 0 g 00O —Hopf band(s) O deplumbing
00000000000,

00 00O deplumbing 0 processd0 000 00 0O O Hopf band O 0O O surfaced 00O pre-fiber
surface 0 0 O .
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0 0000 000000000000 00000O0000O00OO0OOn (1990)

o1

00 FO surface, DO F x[0,1]0 embed 000 diskODOO0O0O,00000diskDOO000O.

1.ODC Fx0,1000.0000 DO Fx{0}00 diskO parallel0 OO
2.0DN(OF x {{H:20000. 0000 DO ax[0,1)(00, a0 FO proper O
embed 00 O arcO isotopicO 00O .)

0 6.83:

46



3.0DN(OF x{1})40000. 0000 DO a3 x[0,1]0 ez x[0,1]000. (00,
ay,ae 0 F O proper 0 embed 00O O disjoint 0 arcs R (000 R_)O band
00000000 diskO isotopicd OO )

0 6.84:

10 [4] O Appendix 0 Lemma, 2,30 [3]0 Lemma 3.20000.
Og 2

0 0000 QuachOO [8]0 00 O unknotting operation J 0 OO O Hopf band 00 0 000
0000000d surfaced 00O Z;DisotopicDDDDDDDD.
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0 6.87:
50



0 6.88:
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oo 3 000 fibred knot 00 OO pre-fiber surface
000000 FactOoOO.

Fact 000 fibred link0 O 00 pre-fiber surfaced 0O 0O .

0 6.89:

FactOOO. 06890000 200000000 anmulusO0O000D00O0OO0DOOO,0 2600
02300 fibered link 00000000 0. 00,000000000000 X200 2.80 fiber
surface J plumbing0 00 O000. 000000 3.400 pre-fiber surface 000000000,

0000 D 6.890 surface d complementary sutured manifold J pre-fiber surface 0 000 0O O
0ooooobooooa.

0 6.90(1) 0 O 6.89 0 complementary sutured manifold D O 0. O 6.90(2) 0 0 6.90(1) O com-
pressing disk 0 compressd 0 00 O O sutured manifold D0 0. 000 isotopy0 00 OO0
ODoo00,0691(6)00000. 000 6.91(6) O product diskO compress 0000000, O
6.91(7)00000. 000 isotopy0 000000000, O06.91(13)00000. O 6.91(13)0
compressing disk 0 compress 0 00 00000 6.91(14) O product sutured manifold 0 OO O
0. O 6.890 complementary sutured manifold 0 20 0 compressing disk 0 00, 00 disk O
compress 0000000, product sutured manifold0 OO0 D0 00000000, OO0O0O 6.89
O Seifert surface 0 pre-fiber surface0 00000 O0000000OO.
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