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Abstract
spatial graph, #|Z trivalent vertex % ¥#f> #-curve X° handcuff graph %747
35 ETIE, 20 invariant BAEEE 720 9. invariant XATEFEMLE L
DT, HENE 7 REETO f-curve & handcuff graph OHFEEITRVET .

1. Yamada polynomial
2. Prime basic 4-regular disk graphs
3. Prime basic f-polyhedra

4. Enumeration of #-curve

UEOBEITHLEFEH O FEAN, BIEOL Va2 A ZHE TSV,

5. Enumeration of handcuff graph

We give an enumeration of handcuff graph with up to seven crossings by using
our notation. Links in the second column correspond to Rolfsen’s knot table [15],
and handcuff graphs in the last column correspond to Fig. 1-4. L and ® denote
mirror images of L and ®, respectively.
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Fig. 1. Prime handcuff graphs with up to six crossings.
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Fig. 4. Prime handcuff graphs with seven crossings (continue
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notation constituent link  handcuff graph

1L 2 23 20
1l 4 43 49
11,212 52 59
16 67 67
1133 62 69
1222 63 65
1L 3,3 6; i
1L 21,21 62 69
3120.—2.1 42 49
31202 -1 02 20 4429
31 —20.-20.2 22 69
3121020 -1 42 69
41 3.1.1.1 23 65
4130.1.1.1 22 69
41 —30.1.1.1 42 69
412211 42 69
4120.2.1.1 22 69
41 —20.2.1.1 22 69
4120.1.1.2 0 02 67
4120.1.1.-20 42 69
6! 1.1.1.1.1.1 02 67
63 1.1.1.1.1.1 52 59
62 1.1.1.1.— 1. — 1 22 20 #23¢
63 1.1. - 1.1.1.1 22 27 #33/



notation constituent link  handcuff graph

1L 412 7 7t
1,214 7 7y
11232 73 79
13112 73 7%,
112113 7 7%,
1L211,3 7 75
112221 73 %
1L 3,21+ 72 5
1, 3,-2 —1- 62 65
1L (3,211 73 75
1L (3,-2)11 72 75
1L (21,2) 11 72 7%
1L (21,-2)11 72 79
1L (3,2) 2 7 75
1L (3,2) —2 72 7%
1! (3,-2) —2 72 79
1L (21,2) 2 72 7%,
1L (21,2) —2 72 T8
1L (21,-2) —2 72 72



notation constituent link handcuff graph

31222 -1 52 70,
3121.22 22 65
3121.2.-2 22 7¢
3121.-22 22 72
3121.-2.-2 22 79
313.-20.2 42 69
313020 -2 42 7%
3130.-20.2 42 69
3121020 -2 22 7¢
4121 1.1.1.1 22 78
412110.1.1.1 22 04
41 -2 -1 —10.1.1.1 52 70,
41320.1.1 43 7%
4130.20.1.1 42 7%
41 —3020.1.1 23 72
4121211 92 79
41210211 42 74
41 —2 —10.21.1 42 79,
413.2.1.1 22 7¢
4130.2.1.1 22 78
41 —302.1.1 22 ¢
41 21.1.1.20 42 7%,
4121.1.1.-20 52 79,
412.210.1.1 52 70,
4120210.1.1 22 79
41 —20.210.1.1 22 79
41 20.22.1 42 74,
41 —20.221 02 79
4120.2.20.1 22 7¢
41 —20220.1 22 70
412.20.1.20 52 79,
412201.-20 42 7%,
4120.2.1.20 22 7$
412021.-20 22 79
41 —20.21.20 22 7¢
41 —2021.-20 22 204430



notation constituent link  handcuff graph

5L 2.2.1.1.1 72 7%,
5L2.-21.1.1 72 75
5L —2.-21.1.1 72 72
5L 2.1.2.1.1 72 7%
5L21.-2.1.1 7 T4
5L —21.2.1.1 62 65
5L —21.-21.1 52 59
5L 2.1.1.20.1 73 79,
5L, —21.1.201 63 7.
5120.1.2.1.1 72 75
5L201.-21.1 73 72
5120.20.1.1.1 72 7%
5, —20.-20.1.1.1 63 e
51210.1.1.1.1 2? 7¢
50 -2 —10.1.1.1.1 2? 7¢
5120.20.1.1.1 0? 79
51 —20.20.1.1.1 42 72,
5120.1.20.1.1 2? 7¢
51 —20.1.20.1.1 2? 79
5120.1.-20.1.1 92 27 4337
50 —20.1.-20.1.1 2? 65
5120.1.1.20.1 2? 79
50 —20.1.1.20.1 2? 78
5120.1.1.-20.1 22 69
50 —20.1.1.-20.1 92 204437
5120.1.1.1.20 42 72,
51 —20.1.1.1.20 02 79
50 —1.2020.1.1 62 69
50 —1.-20.20.1.1 42 65
50 —1.20.—20.1.1 52 57
50 —1.-20.-20.1.1 52 59
511112020 62 65
511.1.1.—2 0.2 0 52 59
511.1.1.20.-20 42 69
501.11.-20.-20 52 5
51 1.1.2.1.20 62 7%,
50 —1.20.1.2.1 62 7%,



notation constituent link handcuff graph
6L 2.1.1.1.1.1 72 5
6L 2.1.1.1.1. — 1 Pl 20 #33]
6L, —2.1.1.1.1.1 72 5
6L, —2.1.1.1.1.—1 23453, 20 4537
6! 2.1.1.1.1.1 02 79
6! —2.1.1.1.1.1 02 79
6! 1.1.2.1.1.1 22 78
6. 20.1.1.1.1.1 52 79,
6! 1.1.2 0.1.1.1 22 78
6! 1.1.—20.1.1.1 22 69

62 1.2.1.1.1.1 22 7¢
62 1.1.2.1.1.1 02 79
62 1.1.1.20.1.1 22 79
62 1.1.1.— 2 0.1.1 22 69

6% 1.1.1.1.1.2 02 79
621.1.1.1. —1. -2 22 204449
63 1.1 — 1.1.1.2 02 20 #5347
63 1.1 —1.1.—1. -2 92 204537
63 1.1.— 1.2 0.1.1 92 204549
631.1.1.20.—1. -1 92 204547
6%1.1.1.1.1.—2 0 02 79
631.1.1.1.—1.—20 02 20 #3547
62 1.1.-1.1.1.2 0 92 20 #54]
62 1.1. — 1.1. — 1.2 0 92 204430
64 2.1.1.1.1.1 22 65
6! —2.1.1.1.1.1 22 29
6 2.1. — 1.1.1.1 22 204430
642 —1.1.1.1.1 42 49
61 —2.1.—1.1.1.1 92 20453
64 —2.—1.1.1.1.1 02 trivial
642 —1.—1.1.1.1 42 69
6! —2.—1.—1.1.1.1 52 59
64 1.2.1.1.1.1 02 67
6! —1.2.—1.1.1.1 42 69
64 1.—2.1.1.1.1 42 65
6 —1.—2.—1.1.1.1 52 59
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notation constituent link  handcuff graph

73 1.1.1.1.1.1.1 72 7%,
7% 1111.-1.-1. -1 72 78
711 -1.-11.-11 72 75
311 -1.-1.-1.-1.-1 72 T3
721.1.1.1.1.1.1 02 79
72 —1.-1.1.1.1.1.1 22 204430
7?2 —1.-1.-11111 92 7
7?2 -1.-1.-111.-11 02 2044294429
7711111 -1~ 1 5 5¢
771111 - 1.1.1 42 69
References

1]
2]
(3]
[4]
[5]

[6]
[7]

[8]

[9]
[10]
[11]
[12]
[13]
[14]

[15]
[16]

[17]

C. C. Adams, The Knot Book, W. H. Freeman and Company, New York, 1994.

J. H. Conway, An enumeration of knots and links, and some of their algebraic properties,
Computational Problems in Abstract Algebra (Proc. Conf. Oxford 1967), Pergamon
Press, 1969, 329-358.

T. Harikae, On rational and pseudo-rational B-curves in the 3-sphere, Kobe J. Math.
7 (1990) 125-138.

Y. Huh, G. T. Jin, O-curve polynomials and finite-type invariants, J. Knot Theory
Ramifications 11 (2002) 555-564

T. Kanenobu, H. Saito, S. Sato, Tangles with up to seven crossings, Interdisciplinary
Information Sciences 9 (2003) 127-140.

L. H. Kauffman, State models and the Jones polynomial, Topology 26 (1987) 395-407.
L. H. Kauffman, Invariants of graphs in three-space, Trans. Amer. Math. Soc. 311
(1989) 697-710.

L. H. Kauffman, J. Simon, K. Wolcott and P. Zhao, Invariants of theta-curves and
other graphs in 3-space, Topology Appl. 49 (1993) 193-216.

C. Kuratowski, Sur le probleme des courbes gauches en Topologie, Fund. Math. 15
(1930) 271-283.

R. A. Litherland, The Alezander module of a knotted theta-curve, Math. Proc. Camb.
Phil. Soc. 106 (1989) 95-106.

R. A. Litherland, A table of all prime theta-curves in S° up to 7 crossings, a letter,
1989.

H. Moriuchi, An enumeration of theta-curves with up to seven crossings (in Japanese),
Master Thesis, Osaka City Univ. , 2004.

T. Motohashi, Y. Ohyama, K. Taniyama, Yamada polynomial and crossing number of
spatial graphs, Rev. Mat. Univ. Complut. Madrid, 7 (1994) 247-277.

D. Reinhard, Graph Theory, Graduate Texts in Mathematics 173, Springer-Verlag,
New York, 1997.

D. Rolfsen, Knots and Links, Berkeley, Calif. , Publish or Perish, Inc. , 1976.

J. Simon, A topological approach to the stereochemistry on nonrigid molecules, Studies
in Physical and Theoretical Chemistry 51, Elsevier, Amsterdam, 1987, 43-75.

H. Whitney, Non-separable and planar graphs, Trans. Amer. Math. Soc. 34 (1932),
339-362.

11



[18] H. Whitney, Congruent graphs and the connectivity of graphs, Amer. J. Math. 54
(1932), 150-168.

[19] K. Wolcott, The knotting of theta-curves and other graphs in 53, in: C. McCrory and
T. Shifrin, Eds. , Geometry and Topology: Manifolds, Varieties, and Knots, Marcel
Dekker, New York, 1987, 325-346.

[20] S. Yamada, An invariant of spatial graphs, J. Graph Theory 13 (1989) 537-551.

[21] S. Yamada, A topological invariant of spatial regular graphs, Knots 90, Ed. A. Kawauchi,
de Gruyter, 1992, 447-454.

[22] H. Yamano, Classification of tangles of 7 crossings or less (in Japanese), Master Thesis,
Tokyo Metrop. Univ. , 2001.

12



