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30 oottt

3.1 OOO0OO0O
3.1.1 00000
3.1.2 0000

3.1.3 000Ooooodd

00 3.1.1([44]). A Montesinos link K (L, ..., E2) with q; > 2 is hyperbolic if it is not a torus link and not
equivalent to K(1/2,1/2,-1/2,-1/2), K(2/3,-1/3,—-1/3), K(1/2,—-1/4,-1/4), K(1/2,-1/3,—-1/6) or
the mirror image of these links.

The complement of a Montesinos link contains an incompressible torus if and only if the link is in
family III, with 119 + % + % =1.

3.1.4 00000
3.1.5 0O0Oonoo

3.1.6 OJO0OOOO

00 3.1.2 ([6]). The following three families, shown in Figure 1.3, form a complete list of non-hyperbolic

arborescent links:
1. K is a (2,n)-torus link,
2. K has two isotopic components, each of which bounds an annulus properly embedded in S® — K,

3. K or its reflection is the pretzel link P(p,q,r,—1), where p,q,r > 2 and % + % + % > 1.

1T 111

S

The three exceptional families of non-hyperbolic arborescent links.
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|
I
I
: 1
| 0 |
r 1 1 I

FIGURE 1.2. The graphs of y = 2° +az +b: a > 0
(left), a < 0 (right)
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000000000000 p; 000000000 (Xy,...,X,) 00000
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O0O00¢ =f(p;,) DODO
fO0MOOOOODDOODOODOOO0O0OMND p; 0000000

0 3.24. MO 20000000000 000000000
001 f(z,y) =22 +y% +c

002 fla,y) =2>—y*+o

37



00 3 f(z,y) = -2 -y’ +¢

FIGURE 1.4. The graphs of z = 22 442, z = 22 —y?,
and z = —22 — y?, respectively from the left

0 3.25. MO 30OOOOOODOOO 40000000000
001 f(z,y,2) =22 +y>+22+¢
00 2 f(z,y,2) =22 +y>—22+¢;
00 3 f(z,y,2) =22 —y>—22+¢

00 4 f(z,y,2)=—2> -y = 2>+ ¢

F1GURE 4. The four types of critical points for a Morse
function on a 3-manifold are shown via level sets. The
arrows indicate the directions in which the function is
Increasing.
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M,={pe M|f(p)<t}OOODO

00 3.2.6 (Morse). M.,+.00OM,.,_.0X-000000000000000O00DO0O0OO0OO0O0OO0O0

MCi+€ = Mcz'fe U (DA X Dmi}\)

FIGURE 3.4. A l-handle FIGURE 3.5. A 2-handle

00 3.2.7 (Heegaard). 0000000000 300000 MODODODODOOOODOOOO f:M—>R
goooog

e JO00OOOOOODOODOOOOOOODOOO

M=hr"U(hlU---Uhp)U(IU---Uh) UK

Ty e
Tﬂ-l 2 'FHJI.

FIGURE 5.11. A handlebody of genus k and its meridians
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MDO20000000 Hi=hU((hlU---Uh,)O Hy=(hjU---UR)URODODODOOOO0ODO
00000S=H,NH, 000000000000

e Jesse Johnson, Notes on Heegaard Splittings, http://www.math.ucdavis.edu/~jjohnson/notes.pdf

e Yukio Matsumoto, An Introduction to Morse Theory, AMS MMONO 208.
gooboooooooog

e Martin Scharlemann, Heegaard splittings of compact 3-manifolds,
http://front.math.ucdavis.edu/math.GT /0007144

e Toshio Saito, Martin Scharlemann, Jennifer Schultens, Lecture notes on generalized Heegaard split-
tings, http://front.math.ucdavis.edu/0504.5167

goooog
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3.21 0OO0O0OO0OOOO

00 3.2.8 ([5, Theorem 5.1]). If a knot or link has n thin levels when put in thin position then its exterior

contains a collection of n disjoint, non-parallel, planar, meridional, essential surfaces.

3.2.2 QJOO0O0OOO

3.23 U00O0OOOOOO0

00 3.2.9 ([29]). There is an algorithm to determine the tunnel number of a hyperbolic knot.

3.24 000OO0OOOOO

3.3 Uooon
3.3.1 0000
3.3.2 0O0O0OO
3.3.3 U000

3.3.4 0O0O0OO0OOOO

00 3.3.1 ([1)). Let (K,A) be a twisting pair and n an integer. If |n| > 1 then K ,, has the geometric
type of (K, A).

41



DDDDD




ODS

BB
I RIS




LB
el el
SR




1 85
8 84
13

8
8 8]7 8
16

45



Jouon

[1] M. Ait-Nouh, D. Matingnon and K. Motegi, Geometric types of twisted knots, Annales
Mathématiques Blaise Pascal 13 (2006), 31-85.

[2] J. W. Alexander, On the subdivision of a 3-space by a polyhedron, Proc. Nat. Acad. Sci. USA 10
(1924) 6-8.

[3] R. J. Aumann, Asphericity of alternating knots, Ann. of Math. 64 (1956) 374-392.
[4] D. Bachman, A note on Kneser-Haken finiteness, Proc. Amer. Math. Soc. 132 (2003) 899-902.
[5] D. Bachman, Non-parallel essential surfaces in knot complements, math.GT/0302272.

[6] F.Bonahon and L. Siebenmann, Geometric splittings of knots and Conway’s algebraic knots, preprint,
1987.

[7] G. Burde and K. Murasugi, Links and Seifert fiber spaces, Duke. Math. J. 37 (1970) 89-93.
[8] R. Crowell, Genus of alternating link types, Ann. of Math. 69 (1959) 258-275.
[9] P. R. Cromwell, Homogeneous links, J. London Math. Soc. (2) 39 (1989) 535-552.

[10] M. Culler, C. McA. Gordon, J. Luecke and P. B. Shalen, Dehn surgery on knots, Ann. of Math. 125
(1987) 237-300.

[11] L. Goeritz, Bemerkungen zur knotentheorie, Abh. Math. Sem. Univ. Hamburg, 10 (1934) 201-210.

[12] P. Frankl and L. Pontrjagin, Ein Knotensatz mit Anwendung auf die Dimensionstheorie, Math. Ann.
102 (1930) 785-789.

[13] D. Gabai, The Murasugi sum is a natural geometric operation, Contemp. Math. 20 (1983) 131-143.
[14] D. Gabai, Foliations and genera of links, Topology 23 (1984) 381-394.
[15] D. Gabai, Genus is superadditive under band connected sum, Topology 26 (1987) 209-210.

[16] C. McA. Gordon, On primitive sets of loops in the boundary of a handlebody, Topology Appl. 27
(1987), 285-299.

[17] C. McA. Gordon and J. Luecke, Knots are determined by their complements, J. Amer. Math. Soc. 2
(1989) 371-415.

[18] C. McA. Gordon and A. W. Reid, Tangle decompositions of tunnel number one knots and links, J.
Knot Theory and its Ramification 4 (1995) 389-409.

[19] W. Haken, FEin Verfahren zur Aufspaltung einer 3-Mannigfaltigkeit in irreduzible 3-
Mannigfaltigkeiten, Math. Zeit., 76 (1961) 427-467.

46



[20] A. Hatcher, On the boundary curves of incompressible surfaces, Pacific J. Math. 99 (1982) 373-377.
[21] J. Hoste, M. Thistlethwaite and J. Weeks, The First 1701936 Knots, Math. Intell. 20 (1998) 33-48.

[22] K. Ichihara and M. Ozawa, Accidental surfaces in knot complements, J. Knot Theory and its Rami-
fications 9 (2000), 725-733.

[23] W. Jaco, Adding a 2-handle to 8-manifolds: An application to property R, Proc. Amer. Math. Soc.,
92 (1984), 288-292.

[24] W. Jaco and P. B. Shalen, Seifert fibered spaces in 3-manifolds, Memoirs Amer. Math. Soc., 21
(1979).

[25] K. Johannson, Homotopy equivalence of 3-manifolds with boundaries, Lecture Notes in Math., 761,
Springer Verlag (1986).

[26] L. H. Kauffman, State Models and the Jones Polynomial, Topology 26 (1987) 395-407.
[27] S. Kinoshita and H. Terasaka, On Unions of Knots, Osaka Math. J. 9 (1959) 131-153.

[28] H. Kneser, Geschlossene Flichen in dreidimensionalen Mannigfaltigkeiten, Jahresbericht der
Deutschen Math. Vereinigung. 38, (1929) 248-260.

[29] M. Lackenby, An algorithm to determine the tunnel number of hyperbolic knots, preprint available
in http://xxx.lanl.gov/abs/0709.0376.

[30] W. B. R. Lickorish, The irreducibility of the 3-sphere, Michigan Math. J. 36 (1989) 345-349.

[31] W. B. R. Lickorish and M. B. Thistlethwaite, Some links with non-trivial polynomials and their
crossing numbers, Comment. Math. Helvetici 63 (1988) 527-539.

[32] B. Mangum and T. Stanford, Brunnian links are determined by their complements, Algebraic &
Geometric Topology 1 (2001) 143-152.

[33] W. Menasco, Closed incompressible surfaces in alternating knot and link complements, Topology,
Vol. 23, No.1 (1984), 37-44.

[34] W. Menasco and M. Thistlethwaite, The Tait Flyping Conjecture, Bull. Amer. Math. Soc. 25 (1991)
403-412.

[35] W. Menasco and M. Thistlethwaite, The classification of alternating links, Ann. Math. 138 (1993)
113-171.

[36] J. Milnor, A Unique Decomposition Theorem for 3-Manifolds, Amer. J. of Math., 84 (1962) 1-7.

[37] J. M. Montesinos, Minimal plat representations of prime knots and links are not unique, Can. J.
Math. Vol. XXVIII, No. 1 (1976), 161-167.

[38] G. D. Mostow, Strong rigidity of locally symmetric spaces, Ann. Math. Studies 78, Princeton Univ.
Press (1973)

[39] K. Murasugi, On the genus of the alternating knot I, II, J. Math. Soc. Japan 10 (1958) 94-105,
235-248.

47



[40] K. Murasugi, The Jones Polynomial and Classical Congectures in Knot Theory, Topology 26 (1987)
187-194.

[41] L. Neuwirth, Interpolating manifolds for knots in S*, Topology 2 (1964) 359-365.
[42] M. Ochiai, Non-trivial projections of the trivial knot, Asterisque 192 (1990) 7-10.

[43] DO0O0O,0000,00000,0000000000000O000,0000,00000000O0
0 14 1996.

[44] U. Oertel, Closed incompressible surfaces in complements of star links, Pacific J. of Math., 111
(1984) 209-230.

[45] M. Ozawa and H. Matsuda, Free genus one knots do not admit essential tangle decompositions, J.
Knot Theory Ramifications 7 (1998) 945-953.

[46] M. Ozawa, Closed incompressible surfaces in the complements of positive knots, Comment. Math.
Helv. 77 (2002) 235-243.

[47] M. Ozawa and Y. Tsutsumi, Minimally knotted spatial graphs are totally knotted, Tokyo J. Math.
26 (2003) 413-421.

[48] M. Ozawa, Non-triviality of generalized alternating knots, J. Knot Theory and its Ramifications 15
(2006) 351-360.

[49] M. Ozawa, A property of diagrams of the trivial knot, preprint available in
http://arxiv.org/abs/math.GT/0606293.

[50] M. Ozawa, FEssential state surfaces for knots and links, preprint available in
http://arxiv.org/abs/math.GT/0609166.

[51] M. Ozawa, Closed incompressible surfaces of genus two in 3-bridge knot complements, preprint avail-
able in http://arxiv.org/abs/math.GT /0702867

[52] D. Ruberman, Mutation and volumes of knots in S3, Invent. Math. 90 (1987) 189-215.

[53] M. Scharlemann and M. Tomova, Uniqueness of bridge surfaces for 2-bridge knots,
math.GT/0609567.

[54] H. Seifert, Uber das Geschlecht von Knoten, Math. Ann. 110 (1934) 571 592.

[55] M. Scharlemann, Sutured manifolds and generalized Thurston norms, J. Diff. Geom. 29 (1987),
557-614.

[56] M. Scharlemann and A. Thompson, Link genus and the Conway moves, Comment. Math. Helvetici
64 (1989) 527-535.

[57] M. Scharlemann and A. Thompson, Detecting unknotted graphs in 3-space, J. Diff. Geom. 34 (1991)
539-560.

[58] H. Schubert, Die eindeutige Zerlegbarkeit eines Knoten in Primknoten, Sitzungsber. Akad. Wiss.
Heidelberg, math.-nat. KI. 3 (1949) Abh: 57-104.

48



[59] M. B. Thistlethwaite, A Spanning Tree Expansion of the Jones Polynomial, Topology 26 (1987)
297-3009.

[60] M. B. Thistlethwaite, On the algebraic part of an alternating link, Pacific J. Math. 151 (1991)
317-333.

[61] W. P. Thurston, The Geometry and Topology of Three-Manifolds, available in
http://www.msri.org/publications/books/gt3m/.

[62] W. P. Thurston, Three dimensional manifolds, Kleinian groups and hyperbolic geometry, Bull. Amer.
Math. Soc. 6 (1982) 357-381.

[63) W.P.OOUOOOO,S.0000,000000,8300000000000,000, 1999.

[64] W. Whitten, Knot complements and groups, Topology 26 (1987) 41-44.

49



