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Region crossing change

D: alink diagram on §° / b
R: aregion of D .
regions

A region crossing change at R changes
all the crossings on OR.

(defined by Kishimoto)

65/ 9-0
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(Region crossing change does not depend

3

on the order.)
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Theorem 1 (S)
We can make any crossing change on a

knot diagram by region crossing changes.

Reference
A. Shimizu, Region crossing change 1s an
unknotting operation, to appear in JSMJ.

6/30



Corollary 2.
A region crossing change on a knot
diagram is an unknotting operation.

Q& E-C
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\ reducible crossings

A knot diagram D isreduced if D has no
reducible crossings.
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Proof of Theorem 1.

(1) for reduced diagrams

. : / j

c : acrossing point of D

To obtain the regions which change
only ¢ by the region crossing changes...
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Step 1

SpliceiD at c. Sphce > <
C\ D

Then we obtain a two-component link
diagram Ds=D;UD».
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Apply a checkerboard coloring to only D;.

DS z’-h‘
!

A
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Step 3.

Take the regions of D corresponding to
the shaded regions of Dy .

D

Thus, we obtain the regions.
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(2) for non-reduced diagrams

W If Dhas just one reducible crossing, and
c is the reducible crossing,

D
S
we can change ¢ by region crossing changes.
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7 For other cases, we prove by an induction on

the number k& of reducible crossings.

W Whenk =0, D is reduced.

w We assume that the theorem holds for D with
k reducible crossings.

¥ We consider D with £+1 reducible crossings.
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Splice D at a reducible crossing to obtain Dg=Du D,
such that D has & reducible crossings and c.

D D Dy
< P -l D&
Ds

By the assumption,

Dy has the regions which change only c.

D, [
o
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From the regions of D’,we can obtain the
regions of D which change only ¢



For links...
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Proposition 3. (Cheng & Gao)
For a link diagram, we can change any self-
crossing of any knot component, and any pair

of crossings between any two components by
region crossing changes.

Reference

/.Cheng and H. Gao, On region crossing change and
incidence matrix, Science China Mathematics 55 (2012),
\ 1487--1495.
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Theorem 4. (Cheng)

A region crossing change on a link diagram
IS an unknotting operation if and only if the

diagram represents a proper link.

& & @)

Z.Cheng, When is region crossing change an
unknotting operation?, arXiv: 1201.1735.

[ Reference
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82. Region crossing change

on spatial-graph diagrams
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@tial graph

spatlal graph

a5
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RCC on spatial-graph diagrams

(5= (X
B G
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cutting circle

*
------
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Theorem 5.

Let D be a diagram of a connected spatial
graph which has no cutting circles.

We can make any crossing change on D by
region crossing changes.
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§3. Region Select
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Again,

Theorem 1.
We can make any crossing change on a

knot diagram by region crossing changes.

26/30



Region Select

A Game Using Knot Theory

Y-

by Akio Kawauchi, Ayaka Shimizu and Kengo Kishimoto

Japanese Patent Application (2011)
27/30



Region Select has been released as an

application for Android smart phone!
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Region Select i" 1388 | 20|3ﬂm>5n2'79@-e) .
for children!!
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