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« 139717-th p-data is an amphicheiral knot
(Thislethwaite’s Knot Tat
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degenerate16 fig1

Normal surface decomposition:

The 0-th normal surface is orientable.
The 0-th normal surface 1s Z-sided.

The 0-th normal surface has 0 as Euler characteristic.
The volume of (0,0)-th piece = 0.000000
The fundamental group of (0,0)-th piece:
number of generators = 2

number of relations = 1

aB*2a”2BAb"2A"2h

The volume of (0,1)-th piece = -0.000000
The fundamental group of (0,1)-th piece:
number of generators = 2

number of relations = 1

a~2h"3

The 1-th normal surface is orientable.
The 1-th normal surface 1s Z-sided.

The 1-th normal surface has 0 as Euler characteristic.
The volume of (1,0)-th piece = 0.000002
The fundamental group of (1,0)-th piece:
number of generators = 2

number of relations = 1

a~2B"2abA™2b"2AB

The volume of (1,1)-th piece = 0.000500
The fundamental group of (1,1)-th piece:
number of generators = 2

number of relations = 1

a~2h"3
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degenerate16 fig2

Normal surface decomposition:

The 0-th normal surface is orientable.
The 0-th normal surface is 2-sided.

The 0-th normal surface has 0 as Euler characteristic.
The volume of (0,0)-th piece = -0.000000
The fundamental group of (0,0)-th piece:
number of generators = 3

number of relations = 2

aBah”2

aCAc

The volume of (0,1)-th piece = 0.000500
The fundamental group of (0,1)-th piece:
number of generators = 2

number of relations = 1

a~2h"3

The 1-th normal surface is orientable.
The 1-th normal surface is 2-sided.

The 1-th normal surface has 0 as Euler characteristic.
The volume of (1,0)-th piece = -0.000000
The fundamental group of (1,0)-th piece:
number of generators = 3

number of relations = 2

ac™2aC

aBAb

The volume of (1,1)-th piece = 0.000500
The fundamental group of (1,1)-th piece:
number of generators = 2
number of relations = 1

e e
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A trivial knot without waves with 45 crossing points
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A trivial knot without waves with 67 crossing points
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% Link projection by K2K programmed by M. Ochiai.
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Input a braid as like aCbCbbC A 4bb, or aCbCbbGCaB 3
aCbCbbCAMDbb OK |

CANCEL |

SnapPea on K2K with btd
FILE Input aknot andlink SnapPea K2K onp-data K2K onbraid data btd Help & About

Welcome to SnapPea on K2K in 2008/3/21 16:15
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Compute a polynomial
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Yolume

Fundamental eroup
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K—Ah—a—KI[Z&kBT—4H

19 1 4 8 10-14 2-16-20 -6 -22 -26 -12 -28 -32 -18 -34 -36 -24 -38 -30
19 2 4 810-14 2-16-20 -6 -22 -26 -12 -28 -32 -18 34 36 -24 38 30
19 3 4 810-14 2-16-20 -6 -22 -26 -12 -28 32 -18 -34 -36 24 -38 -30
19 4 4 8 10-14 2-16-20 -6 -22 -26 -12 -28 32 -18 34 36 24 38 30
19 5 4 810-14 2-16-20 -6-22 -26 -12 28 32 -18 34 36 24 38 30
19 6 4 8 10-14 2-16-20 -6 -22 26 -12 -28 -32 18 -34 -36 -24 -38 -30
19 7 4 810-14 2-16-20 -6-22 26 -12 28 32 18 34 36 24 38 30
19 8 4 810-14 2 16 20 -6 22 -26 12 -28 -32 -18 -34 -36 -24 -38 -30
19 9 4 810-14 2 16 20 -6 22-26 12 28 32 -18 34 36 24 38 30
19 10 4 8 10-14 2 16 20 -6 22 26 12 -28 -32 18 -34 -36 -24 -38 -30
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8 9 10 11 12 13 14 15 16
149 165 552 2176 9988 46972 253293 1388705
841123 367 1288 4878 19536 85263 379799

a 3 8 42 185 888 5110 27436 168030 1008906
3 8 43 191 935 5411 29702 184876 1152120
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a 1769979 8400285 40619385 199631989 990623857
na * * * * *
k 7413688 49128005 326046639 2214670927 14370000000
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Integration of SnapPea, K2K, and b1d

Data exchanges of SnapPea and K2K

Input a knot by mouse-tracking

K2K

Configuration data of SnapPea

p-data
/

complete p-data

———JiakeKLPCrossin

. - akeKLPCrossin n,g n2,g com,g hump,g prd,&Kkp);
KLPProjection : kip 9(9_n.g_n2,9_com.g_nump.g_prd,kp)

T~

A main function in SnapPea
triangulate _link_complement(klip)

e
[ manifold J

SnapPga

manifold
a pointer variable in SnapPea’s kernel
to compute invariants such as volume




MakeKLPCrossing(g _n, g n2, g com, g _nump, g_prd, &kp);

MakeKLPCrossing()lZ, fE&Dp-data /5 SnapPea D
KLPCrossingt& &4 % #18{E 3 5B TH 5.

nongeometric_solutionZz[El## 35705 5 LO—FZ#EET S
&, COBRBZTEFEILENDETHS.

ORI, SKBOCEFE TR S LTF7AIL
snappeajnilib.c CEZEINTLVS.



Flat, degenerate, geometric solution

* Snappea.h

typedef int SolutionType;

enum

{
not_attempted, /[* solution not attempted, or user cancelled */
geometric_solution, /* all positively oriented tetrahedra; not flat or degenerate®/
nongeometric_solution, /* positive volume, but some negatively oriented tetrahedra*/
flat_solution, /[* all tetrahedra flat, but no shapes = {0, 1, infinity} */
degenerate_solution, [* at least one tetrahedron has shape = {0, 1, infinity} */
other_solution, [* volume <= 0, but not flat or degenerate */
no_solution /* gluing equations could not be solved */

%

R8I "nongeometric_solutionZ N4l Z[E1EE TS 2~

2 — Bk A BHDIGE X, ZEMNLZATEIASET,all positively oriented tetrahedra® #
DRENFET HENHFMICFIASNTINS.



The KLPStrandType and KLPDirectionType enums are used to index
array entires, so their values must be 0 and 1. (But the code
does not rely on which has value 0 and which has value 1.)

JRW 2000/11/12 Use fake "typedef enums" instead of real ones,
for the reasons explained at the top of kernel_typedefs.h.

If you view a crossing (from above) so that the strands go in the
direction of the postive x- and y-axes, then the strand going in
the x-direction is the KLPStrandX, and the strand going in the
y-direction is the KLPStrandY. Note that this definition does not
depend on which is the overstrand and which is the understrand.

KLPStrandY



{E &K KLPStrandType

typedef int KLPStrandType;

enum

{
KLPStrandX = 0,
KLPStrandy,
KLPStrandUnknown

}; /1 link_projection.h



#&1E{A: KLPDirectionType

typedef int KLPDirectionType;

enum

{
KLPBackward = 0,
KLPForward,
KLPDirectionUnknown

}; /1 link_projection.h



#&1E{A: KLPCrossingType

I*
* A crossing is either a clockwise (CL) or counterclockwise (CCL)

*  half twist.
KLPHalfTwistCL : + KLPHalfTwistCCL : -

*

typedef int KLPCrossingType;

enum

{
KLPHalfTwistCL,
KLPHalfTwistCCL,
KLPCrossingTypeUnknown

}; 1 link_projection.h



{E &K KLPProjection

struct KLPProjection

{

[** How many crossings are there? *
int num_crossings;

[* * How many free loops (i.e. link components with no
crossings) are there? For a hyperbolic link, the number of free
loops must be 0. */

int num_free_loops;

I* *How many link components (including the free loops) are
there? */

int num_components;

I** Here's a pointer to the array of crossings. */
KLPCrossing *crossings;

}; /I link_projection.h



#1514 KLPCrossing

struct KLPCrossing

{
> The four neighbors are
* neighbor[KLPStrandX][KLPBackward]
* neighbor[KLPStrandX][KLPForward ]
* neighbor[KLPStrandY][KLPBackward]
* neighbor[KLPStrandY][KLPForward ]
* For example, if you follow the x-strand in the backward direction,
* you'll arrive at neighbor[KLPStrandX][KLPBackward]. */
KLPCrossing *neighbor[2][2];
I** When you arrive at a neighbor, you could arrive at either the
* x-strand or the y-strand. The strand[][] field says which it is.
* For example, if you follow the x-strand in the backward direction,
* you'll arrive at strand[KLPStrandX][KLPBackward]. */
KLPStrandType strand[2][2];
I** The crossing is either a clockwise or counterclockwise half twist. */
KLPCrossingType handedness;
I** To which component of the link does each strand belong? A link
* component is given by an integer from 0 to (#components - 1).
* For example, if component[KLPStrandX] == 0 and
* component[KLPStrandY] == 2, then the x-strand is part of component
* number 0 and the y-strand is part of component number 2. */
int component[2];

y; nlink_projection.h



nongeometric_solution
FERT A=HNTOS S5 La—K

if (g_com == 1 && solutiontype == nongeometric_solution) { // knot only
count = 0; "

H

while (count++ < g_n2) { Il g_com: component number
for (i=1; i<=g_n2; i++) Il g_n2: 2*total corossings"
g_prd[i-1] = g_prd[i]; Il g_prd[]: a pdata of the knot",

g_prd[g_n2] = g_prd[0]; // g_numpl[]: 2*total corossings of each component
for (i=1; i<=g_n2; i++) {
if (g_prd[i]l.a==1)
g_prd[i]l.a = g_n2;
else
g_prd[il.a -=1;
}
free_triangulation(manifold_t);
manifold_t = NULL;
MakeKLPCrossing(g_n, g_n2, g_com, g_nump, g_prd, &kp);
manifold_t = triangulate_link_complement(&kp);
solutiontype = manifold_t->solution_type[complete];
if (solutiontype == geometric_solution)
goto next1; // success



Nongeometric filteringlZ& 175705 S L&IEH I 7 AL

« J74I)L4 :KEY degenerate flat geometric
- HNE

------------- Comment by M. Ochiai 2008/3/12 -
if this file does not exist, then computation is SnapPea's original one.

if shift_num == 0, then computation is SnapPea's original one.

if shift._ num == 1, then SKB does try to obtain geometric solutions from non-geometric
solutions.

if shift._ num == 4, then SKB does the same as shift hum == 1 and also save pdata with
geometric solutions.

if shift_ num == 5, then SKB does the same as shift_ num == 1 and also save

pdata with original non-geometric solutions and the corresponding pdata with
geometric solutions.
if shift_num == 6, then SKB does save all pdata converted from dt-code, when drawing is
running.

CDIT7AIVDRVDEFDHNEKREL D, FFIZ. 5D EE(F. TAY S LADZEHshift_num
[ZEFESMITmARA TN, D EZ1E. non-geometric solution THAEUV B DHHAIT—4&
geometric solution THDHL I MEDT—EMNRERFIZEST 774 JLSKB.loglZH hExh 5.




Nongeometric —> geometric|ZB 9 % EE&

« 74 )L: nongeometric12.prd

CDIT7AIVIZIESEDHEVCE DT —308HY . ZIDT—2DH
non-geometric solution T M 2D Idgeometric solutionZ#FD, —ALld A
—a1“Solution type’ CHERTE S, A= “Isometry "CRYDT—2ERNE}
T7AILIZHEHL . A= 2“Quit/INext’ TROD T —F %5k AH A=
“Isometry I CERAIDT—2DIsometry group&Ltb#95.
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File - Edit - Miew Tools Windows Help

. el Dehn Filing Coefficients Volume
% Link Projectign i ( 10.50125282 s
& Link Projection

1 00 LP File Alternate Reflect Clear Complement Help - Homology 2
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202 63 — Solution Type

326 14 \/‘_\j geometric solution
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SnapPea PC for Windows 95/98/NT
File - Edit - View Tools Windows Help
% Link Projection

1

|>

& Link Projection

LP File Alternate Reflect Clear Complement Help
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60 103 Volume

1508? %?5?1 ’7 10.5012528
206 387 o

208 321 e
165 273

g B Orientable

111[?| 225122 ~ Solution Type . .

1 DS éll] geometric solution

180 77

169 139 !




12X ADFEUE (3)

SnapPeq & Link Projection
File - Edit

% Link Proj

Y LP Eile Alternate Beflect Clear Complement Help

>

10.50125282

( Yolume

Recompute

Cancel

Help

-Homology-
z

Orientable

— Solution Type

Solution containg negatively
oriented tetrahedra.

Mouse position: 370, 524.
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=H A jrw@geometrygames.org
H4: non-geometric solutions
H B¥: 200843 H5H 5:59:56:JST

Dear &8 2173A,

>| will talk about SKB (SnapPea on K2K) in a parallel seminar of Annual
>meeting of Mathematical society of Japan at next March 22.
>This talk is the final one in my life.

Ah, a bittersweet moment.

Happy because it will be an interesting talk, and

also happy because your retirement will soon begin

and you will have time for your other hobbies and actitivies
...but nevertheless a little melancholy too,

that the talk will be your last?

« >|find a very simple method to avoid a problem of non-geometric
« >solutions of SnapPea. This method permit us "completely”

« >to get geometric solutions from all nonalternating

« >hyperbolic knots of up to 17 crossings. And | am trying

« >to test for all nonalternating knots of up to 18 and 19 crossings.

« Congratulations!

Best wishes for the remainder of your year -- and for your
new adventures beyond that.

| assume your e-mail address will remain the same?

Jeff
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