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A3 |1 2 3 4 5 6 7 8
112 4 6 8 2 4 6 38
213 4 7 8 3 4 7 8
0,1,2,3,...; 314 8 4 8 4 8 4 8
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6 |7 8 7 8 7 8 7 8 =
718 8 8 8 8 8 8 8
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A Laver table is...

Basic definitions

A shelf (= self-distributive structure)

is a set S with an operation > satisfying

la> (boc)=(avb)>(avc)]

Example: group G, f > g = fgf L.
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is the unique shelf ({ 1,2,3,...,2" }, >) satisfying
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A Laver table is...

Basic definitions

A shelf (= self-distributive structure)
is a set S with an operation > satisfying
la> (boc)=(avb)>(avc)] (SD)

Example: group G, f > g = fgf L.
F1

is a free shelf generated by a single element ~.
Laver table A,

is the unique shelf ({ 1,2,3,...,2" }, >) satisfying
lapl=a+1 mod?2"| (Init)

Theorem (Laver, '95): properties (SD) and (Init) uniquely define .
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A Laver table is...

Basic definitions

A shelf (= self-distributive structure)
is a set S with an operation > satisfying
la> (boc)=(avb)>(avc)] (SD)

Example: group G, f > g = fgf L.
F1

is a free shelf generated by a single element ~.
Laver table A,

is the unique shelf ({ 1,2,3,...,2" }, >) satisfying
lapl=a+1 mod?2"| (Init)

Theorem (Laver, '95): properties (SD) and (Init) uniquely define .
/\ False for {1,2,3,...,q} with g # 2".
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A Laver table is...

Basic definitions

A shelf (= self-distributive structure)
is a set S with an operation > satisfying
la> (boc)=(avb)>(avc)] (SD)

Example: group G, f > g = fgf L.
F1

is a free shelf generated by a single element ~.

Laver table A,
is the unique shelf ({ 1,2,3,...,2" }, >) satisfying

lapl=a+1 mod?2"| (Init)
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A Laver table is...

Basic definitions

A shelf (= self-distributive structure)
is a set S with an operation > satisfying
la> (boc)=(avb)>(avc)]

Example: group G, f > g = fgf L.
F1

is a free shelf generated by a single element ~.
Laver table A,

is the unique shelf ({ 1,2,3,...,2" }, >) satisfying
‘ablza—l—l mod 2”‘

v=1 (ypy)py=3
Yy =2 (ho)pA)py =4
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A Laver table is...

Laver tables in Set Theory

Richard Laver
Set Theory

Free shelf F;

O Fi is realized inside the self-embedding shelf of a large cardinal:
F1 2 F C Emb(Vy).
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Laver tables in Set Theory

Richard Laver
Set Theory

approximation
Laver tables Free shelf F;

O Fi is realized inside the self-embedding shelf of a large cardinal:
F1 2 F C Emb(Vy).

O F has quotients of size 2". «~ Laver tables!

O I@ A, D F «~ A, are finite approximations of Fj.
neN
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A Laver table is...

Laver tables in Set Theory

Richard Laver
Set Theory

2 RN

approximation
Laver tablesg )i > [ Free shelf ]:‘1

O Fi is realized inside the self-embedding shelf of a large cardinal:
F1 2 F C Emb(Vy).

O F has quotients of size 2". «~ Laver tables!

O I@ A, D F «~ A, are finite approximations of Fj.
neN

/\ Everything works only under an unprovable set-theoretic axiom.
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An=({1,2,3,...,2"}, b) satisfying
av(brc)=(arb)>(arc) & apl=a+1 mod?2"




A Laver table is...

Going beyond Set Theory?

Elementary definition
A, = ({ 1,2,3,...,2" }, ) satisfying
av(brc)=(arb)>(arc) & arpl=a+1 mod?2".

Elementary properties

0 A projective system of shelves.

A |1 2 3 4 A1 21 2
Ay |1 2 112 424 0 1]2 222
12 2 213 4 3 4—=3» 2|1 2|1 2
2 |1 2 314 4 4 4 112 2[2 2
4 11 2 3 4 211 2|1 2
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A Laver table is...

Going beyond Set Theory?

Elementary properties

[0 A projective system of shelves.
U Periodic rows.
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516 8 6 8 6 8 6 8
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8|1 2 3 4 5 6 7 8
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A Laver table is...

Going beyond Set Theory?

Elementary properties

[ A projective system of shelves.
U Periodic rows.

A3 |1 2 3 4 5 6 7 8

12 4 6 8 m3(1) = 4
2 |3 4 7 8 m3(2) =4
314 8 m3(3) =2
4|5 6 7 8 m3(4) = 4
5 6 8 ﬂ'3(5) =2
6 |7 8 m3(6) = 2
7|8 m3(7) =1
811 2 3 4 5 6 7 8 m3(8) = 8
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A Laver table is...

Going beyond Set Theory?

Elementary properties

[ A projective system of shelves.
U Periodic rows.

O Solutions of p> g = q.
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516 8 8 m3(5) = 2
6 |7 8 7 8 m3(6) = 2
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A Laver table is...

Going beyond Set Theory?

Elementary properties

[0 A projective system of shelves.
U Periodic rows.

O Solutions of p> g = q.

[0 Some “nice” rows and columns.

As|1 2 3 4 5 6 7 8
8 8
8 8
8 8
415 6 7 8 5 6 7 8 m3(4) = 4
8 8
8 8
718 88 8 8 8 8 8 m3(7) =1
8|1 2 3 45 6 7 8 m3(8) =8
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A Laver table is...

Going beyond Set Theory?

Elementary properties

[0 A projective system of shelves.
U Periodic rows.

O Solutions of p> g = q.

[0 Some “nice” rows and columns.

/\ No closed formulas for p > g, nor for 7,(p).

A3 |1 2 3 4 5 6 7 8
112 4 6 8 2 4 6 8
8 8
8 8
4 |15 6 7 8 5 6 7 8
8 8
8 8
718 8 8 8 8 8 8 8
8|11 2 3 4 5 6 7 8
Victoria LEBED (OCAMI) Laver tables
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7T3(4) =4
7T3(7) 1
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A Laver table is...

Going beyond Set Theory?

Elementary properties

0 A projective system of shelves.
U Periodic rows.
O Solutions of p> g = q.
[0 Some “nice” rows and columns.
/\ No closed formulas for p > g, nor for 7,(p).

Elementary conjectures
O mh(1) — oo.
n—oo
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A Laver table is...

Going beyond Set Theory?

Elementary properties
0 A projective system of shelves.
U Periodic rows.
O Solutions of p> g = q.
[0 Some “nice” rows and columns.
/\ No closed formulas for p > g, nor for 7,(p).

Elementary conjectures

O m,(1) T OO O m,(1) < mp(2). 0 lim A, O F1.
neN
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A Laver table is...

Going beyond Set Theory?

Elementary properties

0 A projective system of shelves.
U Periodic rows.
O Solutions of p> g = q.
[0 Some “nice” rows and columns.
/\ No closed formulas for p > g, nor for 7,(p).

Elementary conjectures

O mh(1) — oo. O m,(1) < mp(2). 0 lim A, 5 Fy.
n—o0 neN
/\ Theorems under Axiom 13!
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1 23 45 6 7 8 91011121314 1516

2 121416 2 121416 2 121416 2 12 14 16
3121516 3 121516 3 121516 3 12 1516
4 8 1216 4 8 1216 4 8 1216 4 8 1216
5 6 7 813141516 5 6 7 8 13141516
6 8 1416 6 8 1416 6 8 1416 6 8 1416
7 81516 7 8 1516 7 8 1516 7 8 1516
8 16 8 16 8 16 8 16 8 16 8 16 8 16 8 16
9 10111213 141516 9 10 11 12 13 14 15 16
10 12 14 16 10 12 14 16 10 12 14 16 10 12 14 16
11 12 1516 11 12 15 16 11 12 15 16 11 12 15 16
12 16 12 16 12 16 12 16 12 16 12 16 12 16 12 16
13 14 15 16 13 14 15 16 13 14 15 16 13 14 15 16
14 16 14 16 14 16 14 16 14 16 14 16 14 16 14 16
15 16 15 16 15 16 15 16 15 16 15 16 15 16 15 16

16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16
123 45 6 7 8 910111213 141516

Aq

1
2
3

7

8

9

10
11
12
13
14
15
16

/\ Rich combinatorics.
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Dreams: braid invariants based on Laver tables

Laver tables in Topology

Richard Laver

Set Theory

approximation
Laver tableg )it > (Free shelf F;

~
~
~
~ .
=7 ~ s An ordering

Braid Theory of braids

Patrick Dehornoy
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Dreams: braid invariants based on Laver tables

Shelf colorings

Colorings

by (S,p):
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Dreams: braid invariants based on Laver tables

Shelf colorings

Colorings 7 \\
by (S,>): / \

RIII « av>(brc)=(arb)>(arc) (SD)
RII <« as(avpb)=b=ar(acb) (Inv)

. — . colorings
positive braid invariants — <~ shelf
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Dreams: braid invariants based on Laver tables

Shelf colorings

Colorings 7 a\
by (S,p): / \

ol : colorings
braid invariants ~ «~ rack
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Dreams: braid invariants based on Laver tables

Shelf colorings

Colorings by G g

f‘
Rep(m1((R? x [0,1])\B), G) f/ N

D(ib c) (SD) } Rack

Example: Group G ~ a rack
(G, fog="fgf 1, o g=rf"1gf).

ol p colorings
braid invariants e~ rack
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colorings

invariants ~— «~

Question: What about arbitrary braid invariants?



Dreams: braid invariants based on Laver tables
Fi-colorings for arbitrary braids

il - Fior A,
Question: What about arbitrary braid invariants?
Problem: F; and the A, are shelves, but not racks.

positive braid invariants
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Dreams: braid invariants based on Laver tables

Fi-colorings for arbitrary braids

e p— . colorings
positive braid invariants — <~ Fj or A,

Question: What about arbitrary braid invariants?
Problem: F; and the A, are shelves, but not racks.
Solution for F; (Dehornoy):

| RII < ab(apb)=b=av(abb) |
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Dreams: braid invariants based on Laver tables

Fi-colorings for arbitrary braids

e p— . colorings
positive braid invariants — <~ Fj or A,

Question: What about arbitrary braid invariants?
Problem: F; and the A, are shelves, but not racks.
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| RII < maps T,: b+~ ab b are invertible |
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Dreams: braid invariants based on Laver tables

Fi-colorings for arbitrary braids

e p— . colorings
positive braid invariants — <~ Fj or A,

Question: What about arbitrary braid invariants?
Problem: F; and the A, are shelves, but not racks.
Solution for F; (Dehornoy):

| RII < maps T,: b+~ ab b are invertible |

For Fi, the T, are injective > o
. : a— B = (3)8
~ partial colorings:
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Dreams: braid invariants based on Laver tables
Fi-colorings for arbitrary braids

e p— . colorings
positive braid invariants

JF1or A,
Question: What about arbitrary braid invariants?
Problem: F; and the A, are shelves, but not racks.

Solution for F; (Dehornoy):

| RII < maps T,: b+~ ab b are invertible |

For Fi, the T, are injective —
. : a— B = (3)8
~ partial colorings: S

O Compare k-braids 8 and 3/ = compare (3)$3 and (3)5’.
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Dreams: braid invariants based on Laver tables

Fi-colorings for arbitrary braids

colorings

positive braid invariants — <~ Fj or A,

Question: What about arbitrary braid invariants?

Problem: F; and the A, are shelves, but not racks.

Solution for F; (Dehornoy):

| RII < maps T,: b+~ ab b are invertible |

For Fi, the T, are injective > _
. . a— B P> (3)8
~» partial colorings: 3
O Compare k-braids 8 and 3/ = compare (3)$3 and (3)5’.

[0 Left division relation on Fi: ‘a Ib <= b=anp c for some c‘

transitive
~>

closure

Victoria LEBED (OCAMI)

a total ordering on F; and on F;

Laver tables
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Dreams: braid invariants based on Laver tables

Fi-colorings for arbitrary braids

e p— . colorings
positive braid invariants — <~ Fj or A,

Question: What about arbitrary braid invariants?
Problem: F; and the A, are shelves, but not racks.
Solution for F; (Dehornoy):

| RII < maps T,: b+~ ab b are invertible |

For Fi, the T, are injective > o
. : a— B = (3)8
~ partial colorings:

O Compare k-braids 8 and 3/ = compare (3)$3 and (3)5’.

O Left division relation on Fi: ‘a Ib <= b=anp c for some c‘

ti iti .
P& a total ordering on F; and on Fjk
closure
partial . . . . , ,
~ a total left-invariant ordering of braids (8 < / = af < aff’).
colorings
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Dreams: braid invariants based on Laver tables

A,-colorings for arbitrary braids?

colorings
«~

positive braid invariants JFi1or A,

Question: What about arbitrary braid invariants?
Problem: F; and the A, are shelves, but not racks.

| RII < maps T,: b— ar b are invertible |

For A,, the T, are not even injective

—>  Dehornoy’s method does not work!
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Dreams: braid invariants based on Laver tables

A,-colorings for arbitrary braids?

colorings
«~

positive braid invariants JFi1or A,

Question: What about arbitrary braid invariants?
Problem: F; and the A, are shelves, but not racks.

| RII < maps T,: b— ar b are invertible |

For A,, the T, are not even injective

—>  Dehornoy’s method does not work!

Why do we persist? [ Conjecturally, A, — A 2 Fi.
n—oo
O A, are finite.
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Aim: Add flexibility to coloring invariants.



Aim: Add flexibility to coloring invariants.
Method: enrich colorings with weights.



Reality: 2- and 3-cocycles for Laver tables

Shelf colorings revisited

Aim: Add flexibility to coloring invariants.
Method: enrich colorings with weights.

Carter-Jelsovsky-Kamada-Langford-Saito, '99:

¢:S5SxS—>7Z ~ ¢-weight:

S-colored diagram  +— Zqﬁ(a, b)
X
%

a
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Reality: 2- and 3-cocycles for Laver tables

Shelf colorings revisited

Aim: Add flexibility to coloring invariants.
Method: enrich colorings with weights.

Carter-Jelsovsky-Kamada-Langford-Saito, '99:

¢:S5SxS—>7Z ~ ¢-weight:

S-colored diagram  +— Zqﬁ(a, b)
X
%

a

S

[ !
(b, c)+ ¢(a, b> )+

v [ v
¢lasb)+ ¢(a,c)+ ¢(ar b,a> c)
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Reality: 2- and 3-cocycles for Laver tables

A variation: shadow colorings

Shadow colorings:

a————>
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Reality: 2- and 3-cocycles for Laver tables

A variation: shadow colorings

Shadow colorings: Y:S5XSXS = Z ~ 1-weight:
[d] S-colored diagram  +— Z Y(a, b, d)

X
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Reality: 2- and 3-cocycles for Laver tables

A variation: shadow colorings

Shadow colorings: Y:S5XSXS = Z ~ 1-weight:

[d] S-colored diagram  +—— Z v(a, b, d)
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Reality: 2- and 3-cocycles for Laver tables

Weights via cocycles

Rack cohomology (Fenn-Rourke-Sanderson, '95)

Shelf (S,>) ~ complex (Hom(S*k,Z), dX) ~ HE(S)
k+1

(dliff)(al, A ,ak+1) = Z(—l)i_l(f(al, eo.,8i—1,8i > aj41,...,a] > ak+1)
i=1

- f(ala ceeydi—1,di41y - - - 7ak+1))~
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Reality: 2- and 3-cocycles for Laver tables

Weights via cocycles

Rack cohomology (Fenn-Rourke-Sanderson, '95)

Shelf (S,>) ~ complex (Hom(S*k,Z), dX) ~ HE(S)
k+1

(dlijf)(al, A ,ak+1) = Z(—l)i_l(f(al, eo.,8i—1,8i > aj41,...,a] > ak+1)
i=1

- f(ala ceeydi—1,di41y - - - 7ak+1))‘

2-cocycles: maps ¢ : S x § — 7Z satisfying
‘(b(a,c)—ké(ab b,ar c) = ¢(b,c)+ ¢(a, b c)‘
3-cocycles: maps ¢ : § x § x § — Z satisfying
v(a,b,c>d)+Y(a,c,d)+¢(a> bavc,avd) =
Y(b,c,d)+v(a,b>c,br>d)+(a, b, d)
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Reality: 2- and 3-cocycles for Laver tables

Weights via cocycles

Rack cohomology (Fenn-Rourke-Sanderson, '95)

Shelf (S,>) ~ complex (Hom(S*k,Z), dX) ~ HE(S)
k+1

(dlijf)(al, A ,ak+1) = Z(—l)i_l(f(al, eo.,8i—1,8i > aj41,...,a] > ak+1)
i=1

- f(ala ceeydi—1,di41y - - - 7ak+1))'

2-cocycles: maps ¢ : S x § — 7Z satisfying
‘qb(a,c)—kd)(ab b,ar c) = ¢(b,c)+ ¢(a, b c)‘
3-cocycles: maps ¢ : § x § x § — Z satisfying
v(a,b,c>d)+Y(a,c,d)+¢(a> bavc,avd) =
Y(b,c,d)+v(a,b>c,br>d)+(a, b, d)

- — : lorings &
positive braid invariants s shelf & 2- or 3-cocycle

weights
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Reality: 2- and 3-cocycles for Laver tables

2- and 3-cocycles for Laver tables

Theorem (Dehornoy-L., '14)
@ B2(A,) ~ 7% 71, basis: for 1 < q < 2",

1 ifge Col(b), g ¢ Col(ar b),
bon(a,b) = _ (b), q ¢ Col(a> b)
0 otherwise.
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2- and 3-cocycles for Laver tables

Theorem (Dehornoy-L., '14)
@ B2(A,) ~ 7% 71, basis: for 1 < q < 2",

1 ifge Col(b), g ¢ Col(ar b),
bon(a,b) = _ (b), q ¢ Col(a> b)
0 otherwise.

@ B3(A,) ~ 722" basis: explicit {0, 41}-valued coboundaries.
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Reality: 2- and 3-cocycles for Laver tables

2- and 3-cocycles for Laver tables

Theorem (Dehornoy-L., '14)
@ B2(A,) ~ 7% 71, basis: for 1 < q < 2",

1 ifge Col(b), g ¢ Col(ar b),
bon(a,b) = _ (b), q ¢ Col(a> b)
0 otherwise.

@ B3(A,) ~ 722" basis: explicit {0, 41}-valued coboundaries.
@ HK(A,) ~ Z, basis: [feonst : @+ 1] (k < 3).
@ ZX(An) ~ BE(An) @ HE(An) (k < 3).
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Reality: 2- and 3-cocycles for Laver tables

2- and 3-cocycles for Laver tables

Theorem (Dehornoy-L., '14)
@ B2(A,) ~ 7% 71, basis: for 1 < q < 2",

1 ifge Col(b), g ¢ Col(ar b),
bon(a,b) = Col(b). q ¢ Col(a> b)
0 otherwise.
, basis: explicit {0, £1}-valued coboundaries.
Z, basis: [feonst : @ 1] (k < 3).
BE(An) © HE(As) (k < 3).

Q@ B3(A,) ~ 72"
@ Hy(An
@ Zi(An

Xk _Xk mod 2

) =

) =

) =
Theorem (L., '14)

; x+1

)

Z
~ 7, basis: [feonst]-
Bk(A,) @ HX(A,).
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Reality: 2- and 3-cocycles for Laver tables

2- and 3-cocycles for Laver tables

Theorem (Dehornoy-L., '14)

@ B2(A,) ~ 7% 71, basis: for 1 < q < 2",
1 if g € Col(b), g ¢ Col(ar> b),
0 otherwise.

bq.n(a, b) =

@ B3(A,) ~ ~ 72"=2" basis: explicit {0, +1}-valued coboundaries.
@ HK(A,) =~ Z, basis: [foonst : @ 1] (k < 3).

@ Zi(An) ~ Bi(An) ® HE(A,) (k <3).
Theorem (L., '14)

k _  k mod2
61} Bk(An) k(2") Pk(X) _X X+ 1
X
@ HK(A,) ~ Z, basis: [feonst]-
@ ZK(An) = BE(A,) ® HE(A,).
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Reality: 2- and 3-cocycles for Laver tables

2- and 3-cocycles for Laver tables

Theorem (Dehornoy-L., '14)
@ B2(A,) ~ 7% 71, basis: for 1 < q < 2",

1 if g€ Col(b), g ¢ Col(ar b),
bon(a,b) = _ (b), q ¢ Col(a> b)
0 otherwise.
, basis: explicit {0, +1}-valued coboundaries.
Z, basis: [feonst : @ 1] (k < 3).
BE(An) ® HE(An) (k < 3).

Q@ B3(A,) ~ 72"
@ Hy(An
@ Zi(An

Xk _Xk mod 2

) =

) =

) =
Theorem (L., '14)

; x+1

)

Z
~ 7, basis: [feonst]-
Bk(A,) @ HX(A,).

Remark: 2-cocycles capture the combinatorics of the A, (e.g., periods).

Victoria LEBED (OCAMI) Laver tables 18 / 24



12345678

1111111 -

12345678 ¢43

-1

-1

-1
-1
-1

7

12345678

12345678 ¢33

11.

11

11.

11

11.

12345678 ¢r3

-111-

111

111 -

111

1 ¢o3

12345678 3

3

7

513

¢53

<



12345678

1111111 -

12345678 ¢43

1

-1

-1
-1
-1

7

12345678

12345678 ¢33

11.

11

11.

11

11.

12345678 ¢r3

-111-

111

111 -

111

1 ¢o3

12345678 ¢3

3

7

513

¢53

<



Reality: 2- and 3-cocycles for Laver tables

Right division for Laver tables

Important proof ingredient: right division relation

‘a|,b <= b=cp»aforsomec
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Reality: 2- and 3-cocycles for Laver tables

Right division for Laver tables

Important proof ingredient: right division relation

‘a|,b <= b=cp»aforsomec

Theorem (Dehornoy-L., 14)
@ |, is a partial ordering for A,.
@ al,b <= Col(a) D Col(b).
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Reality: 2- and 3-cocycles for Laver tables

Right division for Laver tables

Important proof ingredient: right division relation

‘a|,b <= b=cp»aforsomec

Theorem (Dehornoy-L., 14)
@ |, is a partial ordering for A,.
@ al,b <= Col(a) D Col(b).

Properties:

0 Minimal element: 1.
0 Maximal element: 2",
O Not linear for n > 3.
00 Not lattice for n > 5.
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Reality: 2- and 3-cocycles for Laver tables
Digression: Laver tables and branched braids

Theorem (Laver, Drépal, 95)

Operation ‘p og=p>(g+1)—1 ‘ satisfies

(aob)pc=a>(b>c), (aob)oc=ao(boc),
ar(boc)=(arb)o(arc), 2"oca=a,

aob=(arb)oa, ao2"=a.
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Reality: 2- and 3-cocycles for Laver tables

Digression: Laver tables and branched braids

Theorem (Laver, Drépal, 95)

Operation ‘p og=p>(g+1)—1 ‘ satisfies

(aob)rc=a>(b>c), (aob)oc=ao(boc),
ar(boc)=(arb)o(arc), 2"oca=a,
aob=(ar b)oa, ao2"=a.

Application: colorings of positive branched braids.

SN

/
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Reality: 2- and 3-cocycles for Laver tables

Digression: Laver tables and branched braids

Theorem (Laver, Drépal, 95)

Operation ‘poq:pb(q+1)—1‘satisfies
(aob)rc=a>(b>c),
ar(boc)=(arb)o(arc),

aob=(ar b)oa,

(aob)oc=ao(boc),
2"o0a = a,

ao?2"=a.

Application: colorings of positive branched braids.

)
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Reality: 2- and 3-cocycles for Laver tables

Digression: Laver tables and branched braids

Theorem (Laver, Drépal, 95)

Operation ‘p og=p>(g+1)—1 ‘ satisfies

(aob)rc=a>(b>c), (aob)oc=ao(boc),
>(boc)=(ar>b)o(arc), 2"oa=a,
aob=(aprb)oa, ao2" =a.

Application: colorings of positive branched braids.

__/ a>b
(a>b)o

o(arc)
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Reality: 2- and 3-cocycles for Laver tables

Digression: Laver tables and branched braids

Theorem (Laver, Drépal, 95)

Operation ‘p og=p>(g+1)—1 ‘ satisfies

(aob)rc=a>(b>c), (aob)oc=ao(boc),
>(boc)=(arb)o(arc), 2"oa=a,
aob=(aprb)oa, ao2" =a.

Application: colorings of positive branched braids.

arb
a>(boc) (a>b)o(arc)

e — . colorings
positive branched braid invariants <~ A,
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Reality: 2- and 3-cocycles for Laver tables

Digression: Laver tables and branched braids

Theorem (Laver, Drépal, 95)

Operation ‘p og=p>(g+1)—1 ‘ satisfies

(aob)pc=a>(b>c), (aob)oc=ao(boc),
av(boc)=(a>b)o(arc), 2"oa=a,
aob=(aprb)oa, ao2" =a.

Application: colorings of positive branched braids.

S ? c -
b boc/ RIV b$ / adc
—

__/ / a>b

2 a>(boc) 2 (a>b)o(arc)

. /\ Does not work
e — . colorings
positive branched braid invariants <~ A, for F!
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Reality: 2- and 3-cocycles for Laver tables

Division relations for shelves

al,bifb=cra aljpbifb=arc
A is a partial ordering
" | ~» a good basis for 2-cocycles
induces a total ordering
J1

~> an ordering of braids
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Reality: 2- and 3-cocycles for Laver tables

Division relations for shelves

al,bifb=cra aljpbifb=arc
A is a partial ordering induces a trivial relation
" | ~» a good basis for 2-cocycles
induces a partial ordering induces a total ordering
Fi . .
~ 7 ~> an ordering of braids
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Thank you!

To be continued...

Richard Laver

Set Theory

approximation
Laver tableg )it > (Free shelf F;

~
~
~
~ .
=7 N An ordering

Braid Theory of braids

Patrick Dehornoy
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