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Abstract

We explain some geometric methods in Virtual Knot Theory. In 1996,
Louis Kauffman introduced Virtual Knot Theory to realize every Gauss code
geometrically. Since there has already been many algebraic tools in Knot
Theory, they are also applied in Virtual Knot Theory. Though Kauffman in-
troduced that any virtual link is realized as a link diagram on a closed surface,
geometric methods have not been developed like algebraic ones. We call the
realization surface realization. Naoko Kamada and Seiichi Kamada defined
abstract link diagram, and Scott Carter, Seiichi Kamada and Masahiko Saito
showed equivalence relation among surface realizations. They are basic tools
to study virtual links geometrically. By using them, we proved non-triviality
of Kishino’s knot, classified closed 2-string virtual braids completely, defined
connected sum of virtual links and proved uniqueness of prime decomposition
of a virtual link.

1 Introduction

1996 O 0 Louis Kauffman [9) 000 00 Gausscode 00000000000
00000000 Bwvirtual knotD OO D00, O00OOGauss code (1212)0
000 knot00O0D000O0O (Figure 1). 000 Virtual Knot Theory 0 OO
O Knot Theory OO OOOOOOOOOOOOOODOOONOOvirtual link O
bbb bbooobob.booubo
0000000000. 000000 0OOSawollek polynomial [15] (Alexander
polynomial 0 0 0000000 0O 0O )0 Kauffman bracket polynomial (Jones
polynomial 000 ) 0000000000, 0000 OMiyazawa polynomial
[13]0 surface bracket polynomial [2,3] DO O0O0OO0OO. OOOO [10]00



Figure 2 0 0 0 O virtual knot (Kishino’s knot 0 0000 00) 00000
Sawollek polynomialll Kauffman bracket polynomial O 0 O O knot O 0O OO
OO000000D000000. 0000virtual knotOO0O0O0O0O0O0O0OO0O
O000000 mvariant 00000000000 ODOODO. OD00ODO virtual
knot 0 0000 O0O3-parallel 0 0 0 0O OO Kauffman bracket polynomial [
000000000000 (11)00000). D0ooooooooooo
O0D000D0000D000000 computer 000000000, OOODO
0000000002200 00000000A0.

(1) 00000 invariant 00000000
(2)00000000000

0000000000000 ()0oooooog [2,3,13]0000 Miyazawa
polynomial [0 surface bracket polynomial 0 O O O Kishino’s knot 0 O O [
O000000000DO00D0DO. 000000000 ManturovD OO0
O000000.000000000000@R)D0000oooo.

(1 212)

2 2
, l"'
1 1 )

Figure 1: Gauss code (121 2)

K

Figure 2: Kishino’s knot
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Figure 4: virtual Reidemeister move
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Figure 5: Surface realization (of Kishino’s knot, and it is minimal)
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Theorem 1 ([4]) Let K be a Kishino’s knot. Then sg(K) = 2.
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Figure 6: closed 2-string virtual braid
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Theorem 2 ([6]) Let Ky, ., and Ky .., be two closed 2-string virtual
braids. Then they are equivalent if and only if (1) n = n' and (2) there exists
an integer k such thati' =i+ k (modn) and p,, =p; (i =1,---,n).
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