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,
2-
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·3-sor web bases
, plabic graphs, growth sales

· (New !) 4-cor web bases, houglass plabic graphs
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⑳objects
The The bijection NLM(2n)= StT(zon)

sends sotation to promotion
reflection to evacuation .

· "Hinden" Literal action un StT(zen) !
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-

asiants

Let V= 42
,
VieEV, VY3 .

& What ase the Sh invariants of Vo ...V?

That is
, identify HomszN .... Un, 4) CK [dijiyue?.

Ex VoV : det(! )= xiez is unique invariant

MGetty. 1)=Let(y)het(1)= het(X)

Ex YOU : paising sy,
= My , t eye is inversiant

(y,yz)(i) syg; g*=<y,y



#Lingsams
· Encohe mosphisms/invasiants in Giagsams: V 8

A

V

* = Xy ,+zy Inv(V*V]

(l
8Es-Let() det(i)e Favors



#Lingsams
· Encohe mosphisms/invasiants in Giagsams: ~ .

*

Ex Pluckes solations :
(x 2 -+143)(Xiz24 -x2z (4)

8 8 8 8 8 8
-

- t (xix2z +zitiz)(X*24 - 2344)
8 8 8 8 8 8 I

(X,+24 12144) (Xizx23- zzx)



-Liebbasis

8 ⑧⑧ .

·Using -·
·

. ., can seduce any matching Liagsam⑧⑧ . 8

to a lineas combination ofmatching
.

Liagsams :
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-Liebbasis

Thi The noncrossing 2 or webs asoa basis
tos

Invs(V-Un) Nie [YVY3)

Pf · Spanning : Lingsams span by classical invasiant theory,
roucsossing by uncrossing sule .

· Independence :

by Piesi sale,
Lim Invs(VY = #S/T(2=)



umLink Invasiants

The quantum soup Yalele) is an algebsa deforming the
lunivossal enveloping algelsa oft ele.

· sending I seconess the usual case .

· Inv (Vo -V) still has a Temposly-Lieb web basis
:

8 8 8 8 8

8
.

-g⑳ I 0.
·

↳ t
↳

8

· Pojections of knots/links/tangles become
polynomials in g; sefined vession of Jones polynomial



-Lingsams
· Let V- (

,
V, EV,V

*3
.

Q Is these a web basis fos Invs
,

N, e ..,Vn)?

Ex
- ·

X ,

-> Let(* tel
8

8j =

<y,/

Theses mose !



-Lingsams
· Let V- (

,
V, EV,V

*3
.

Q Is these a web basis fos Invs
,

N, e ..,Vn)?

Note MVEV
since AV= detW=/ oves SLs -

RVIV

-2
8 ·

X

Ex 0 - Let(* sinst8

Yu y1



-Lingsams
Def 3- suwwebs ase

· planas graphs embedded in a dist
· ivalent interios vertices

,

univalent boundary vertices
· bipastite
· mashed "initial" boundary vester

They encode Invs
,

IV, e ... Un
.



-Lingsams
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·
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SL-Wel basis
-

The (Kupesbosy) The generating St-wob solations ase

- 3

8 - 2 :

8

- I

8



basis
The Kupesbesy; Kuposbesg-Khovanov)
Call an St wob non-elliptic if it is connected

and it has no internal 2- faces os 4-faces.

The non-elliptic webs form a basis of

Invs (V, e ...Un) . Nie[V, 43)



basis
Pf · Spanning : similas to Shcase .

· Independence : bijection to StT3) using
growth sules. 18Thes descriptions of

this bijection
have since been found.)



SL-Wel basis
-

Kupesberg-Khovanov gorth sulos :
I 2 I 3 2 3 3 2 3 I 2 I
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basis

It 111223233)
I I I 2 2 3 2 3 3

B I

I

B
3 I I B

B Z 1
D

B
2

3 2

"

Z
Z

1
I

2 53B B I

I &

z Z

Now just esase labels !



basis
The (Petessen- Pylyavskyy- Rhoades)

The bijection from now elliptic webs to StT(3+)

sends sotation to promotion
reflection to evacuation .

· "Aihten" Literal action on StT3 +m) !



basis
Ex

i som ⑰M

Rotation



basis

Applications
· Quantum link invariants

Si link polynomials, foams,...
· Clnstes algebras

Clustes Structures on G(jiyue]
·Enumerative combinatois

promotion , evacuation, cyclic sieving
· Dimes models
· Representation theory



The web basis problem-
Problem (Khovanov-Kupesberg 196)

X

Give a wel basis Fos Invs
,

N,*...Vul fos 4
.

*with desisable psopesties fos use in applications :

testability
seduction sales

solation invariance



⑭basis problem
Next : Ous solution for y=4 !

· Unifies = 2
,
3
,
4

· Many pieces wosh
fos general (TBD !)

· Introduces new plabic graphs with multiple trip's

· Combinatorially beautiful,
e .y . connects ASM's and PP's in a certain sense



Plabic graphs-
· Postnikov introduced plabic graphs to parametsize
cells in 65o(k,n) . planas bicoloset"
·They have tip permutations :

Rules of the soad EX 6
8 8

I

I

21

Leftat 5 8
8

⑧ 2 :

S

Rightat
8 8
4 3

Tip=(125634)



psesesveTsip
!labic graphs

Thi (Postnikov)

8 8

Two seduced plabic
8 8 graphs have the same

Tsip ifand only if thoy
8

8 8 ne connected by a
sequence ofmoves.

8



npermutations
Obs(Hophins-Rubey) 3- ow basis webs ase sitwert
plabic graphs .

What aso this Tsip's?

Dof The promotion pesmutation of TeSYT(35)
tracks what entess the top sow when computing P"(T):

- - - - - - -p

*- - - - ... Pxm(T) = 254 163



andtsip permutations
Thm (Hopkins-Rubay) The bijection between
S basis webs and SVT3) sents Tip to Pom.

EX
6
8 ·

I

+- 5 8 · 2
=
G

8 8
4 3

Prm(t)= 254 163= (125634)=Tsip(6)



Piration maksices

(3)- Sn is injective, but

pam
: SNT(Y*4) -> Sn is not.

· fix : let psom ; socost which numbes enters sow i

Thm Test(s) is uniquely
determined by the

sequence of promotion pasmutations par, ., por,
Moseaves

, prom. som
, i.



Multiple sips-
· given a plabic graph los similar), let

tip, take the ith left at
it sighto .

· Iden : if s-valent
, tip stsips-i -



Wis. Mainhost housglass
plabic graphy

is an Sty rob basis .

Furthermose
,
we have a bijection

SNT/4x4)+TFRHPE(n)
↑r6

pomi(T = sip; (6) (i=t
, ...

- 1)



Main thessem
#is a collection of webs

, they sepresent the
same tenses invasiant.

Hence we have a station invasiant basis of

tensos invariants, encolet by robs !



-webs (new !I )
-

ty

13478 14 23

25 69 I s 21 2Y
10 12 13 15 16 IS 26 78

11 70 22 2 29303132



-webs (new !I )

Dof A Y-sow web is ...

·Planas-embeddedgraph in hish, allowing
housglass edges ⑧

·↳-valent interior vertices
,
univalent boundasy

· Bipastite, masked "initial" antes vostex



menching:

6-vester model

usual

Ous

(sink)

8 (rusce)

· Transmitting)
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ysetucct

Dof A4- sor basis web is top fully schweek if
all triangles in the 6-wester configuration ase
oziented counterclockwise .

*
even "big" triangles

i



-south sules

Some sample 4 sow growth sules :
8

8 I 2

8

3r
·
I I
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I I

I 2 I



-south sules
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4-Sow growth sules-
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quivalencea sises from two moves :

1
. Square moves : e .g .

⑮ ⑮
⑮ ⑮

⑲

⑮
⑮

&&

)
A - -are

⑮ ⑲
⑲ $ ⑮

⑮
⑮

⑮
⑮



amoves

2
.
Benzene moves :

⑮ ⑮

⑮ ⑮

⑮ ⑮ - ⑮ ⑮ Actual benzene)
⑮ ⑮

⑮
⑮



tableauwith ostlrgry" has webs

III
completed in all ways using...

Note These ase naturally alternating sign matsices !
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Plane pastition case
-

Thi The tablean with latticerost Myzijn-zzyty
has equivalence class (a)

plane pastitionsEin the askechr
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pastitioncase

Ch CCW

*
X S - ~ X

*I W i & A

4 -
- *



THANKS!


