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D: an oriented knot diagram on 5*
b: a base point of D

D b
Dy
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p: a crossing point of D

(AR warping crossing

D b 124174 of D, if we meet p
non- hon- "
warping /2'Ping as an undercrossing

first when we travel D

) from b.
warping




The|\warping degree d(Dy) of D, is the

number of warping crossing points of D,.

Example D .

non-
warping

non-
warping

warping




Remark

Warping degree depends on the choice
of base point.

D y LdB)=1) p

non- non- non- '
warping warping warping warping!

QD @y QD

warping warping
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Warping degree labeling

a
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Warping degree sequence

01232/@6”6
permutation
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D 0 D 3
2 mirror image
NJ ) ( 2 2/
2 Z 1 1

0123521 321012
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« of a knot projection
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P: an oriented knot projection on 5°

P




We have 2diagrams

ol 8 =

crossing

number Q)
Q
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012321
101252

121212

125210
210125

212121
252101

321012



012321

101232

121212
123210
210123
212121
232101
321012

0125321
101232
121212
123210
2101253
212121
252101
321012

Warping matrix of P

M(P)=




We consider warping

matrices up to:

012321
101232
121212
123210

M —
(&) 210123
212121 O Applying a cyclic

232101 |
%21012 permutation on columns.

© Switching two rows.,
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Property A 2° 2¢ warping matrix M(P)=(m,
" of a knot projection satisfies:

M(ED)
Clig (1) |mu+’f :JI=Im l26| 1 for ‘J
B;??é;\ (2) At each column, nappeara( )t:mea
121212

125210 | (3) There are just 2° disjoint pairs of rows
210123

212121 s.t. the sumof the two rowsis (cc ... c).

232101 3
\527012[ (4)7(k k+1 k... k+1).
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1012321
101232
121212
125210
210123
212121

232101
\321012 |

01232521
125343210
125321252
23432121
12121212
23232101
23210125
34521012
43212125
32101254
32123212

21012325
32525232

21212345
21234321
1012354352



Lemima Eachwarping matrix represents the
Gauss diagram of the knot projection.

i

12121 1111
101010\ [-100001)\ DA

1212532 1-10000 7-111-1-1
123212 01-1000 171-1-1 1-1
210121 || 0oo1-100 -1-111-11
232323 |\ ooo1-10 1-11-11-1
212101 \oooo1-1] 11-1-111
\521212/ 11 1-1 11




3. Warping matrix
of a knot diagram
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D: an oriented knot diagram on &
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cc Cﬂ\_)_)
/ (@ ) We have 2°-1diagrams

from D






&)y 121212 107232

. N - 121212
5/@) 129210 723210
MO . &5y 210123 MPE| 210123
: S 212121

& 212127 232101

&y 232101 521072

321012
C% Warping matrix of D




Theorem | ot D be an oriented knot diagram.
Let M(D) be the warping matrix of D. We can

reobtain D from M(D). Gauss
107232 107232 @ diagram
012321 012321

723210 723210\ 151212

210123 210123

212121 2121321 @iﬁ;ﬁm
232101 232101 of D
321012 321012

»\1212121 P
" M(P) ﬂ)
M(D) with sign ®
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Corollary Ezch warping matrix represents
an oriented knot.

101232
012321
123210
210123
212121
232101
321012
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row

5]
] Imfjﬁmij:Imf Mg|=1
2| |0 for"i,j.
3 % column
; ; ; nhappears ( f) times.
0 S
O
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5 3 row
4 0 |mu+1"mu|=|m1 Mg [=1
1 3 for”i, |.
0 column
4 2 n appears(ﬁ) times.
1 4
1 4
1
0 3 5]
11 2 1 1
S312|3
3|2
S 3
3 3
3 0
4 2

_— e e e— mr s e e mEr s e e S s e e W s e e S s e e WS s e e S s e m— e



« Thankyou . .
i for listening! ;
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