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Outline

acombinatosics, 2-sow webs

·3-son web bases, plabic graphs, youth sales

· (New!) 4-or 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"Liketalaction un StT(zen)!
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-

asiants

Let V=42, VieEV, V43.
QWhatare the SLinvasiants of Vo...Vn?
Thatis, identify HomszN...Un, ()CK[ijiyae?.
Ex VoV: det(, ) =xhez is unique invariant

M)hettg.1)=het(y)het(1)=het(X)
Ex VOU: pairing sy,=xy,eye

is inversiant

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



#Lingsams
· Encode morphisms/invasiants in Giagsams:V.
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#Lingsams
· Encode morphisms/invasiants in Giagsams:V.

*

Ex Pluckes solations:
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⑲.:omposylidpassany matching diagnose
to a lineas combination ofmatching Liagsams:
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-Liebbasis

The the noncrossing 2or webs asoa basis
for

Invs(V...Un) Wie [YVY3)

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

· Independence:by Piesi sule,
Lim Invs(VY =#S/T(2=E)



umLink Invasiants

The quantum soup Yalale) is an algebra deforming the
lunivossal enveloping algels of ale.
· sendingI seconess the usual case.
· Fuv (Vo.aV) still has a temposly-Lieb web basis:

↳·=g+q
· Pojections of knots/links/tangles become
polynomialsing;sefined version of Jones polynomial



-Lingsams
· Let V-C, V, EV,V*3.
QIs these a web basis for Invs, NV, e..,Vn)?
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These's mose!



-Lingsams
· Let V-C, V, EV,V*3.
QIs these a web basis for Invs, NV, e..,Vn)?

Note MVEV
since IV=detW=loves SLs.

RVIV

8

Es.-Let(* st



-Lingsams
Def 3-suwwebs ase

· planes graphs embedded in a dist
· ivalentintesios vestices,
univalent boundary vertices
· Dipastite.
· mashed "initial"boundary vestex.

They encode Invs, IV, a...Vn).



-Lingsams
=

.. I- ↑ - Spinny pictuse!
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SL-Web basis

bosy)The generating Stweb solations ase
=
3

8
=2

8

- I

8



basis
The Kupesbesy; Kuposbesg-Khovanov)
Call an SLwob non-elliptic if it has no internal

2faces us 4-faces. The non-elliptic webs from
a basis of

Turs(e.V).
NieEV,43



basis
Pf. Spanning:similar to Shcase.

· Independence:bijection to ST3) using
growth sules. 10This descriptions of

this bijection
have since been found.)



SL-Web basis
-

Kupesberg-Khovanov gorth sulos:
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basis
x++ 111223233
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basis
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basis
The (Petessen- Pylyavskyy- Rhoades)

The bijection from nowelliptic webs to StT(3+)
sends sotation to promotion

reflection to evacuation.

· "Hinden"Lietal action un ST3 -m)!



SL-Web basis
-

xiom t

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



⑭basis problem
Problem (Khovanov-Kupesberg 196)
Give a web basisfor Invsu,N,*...Vn) fos4.

*with desisable popesties for use in applications:
testability
seduction sales

solation invasiance



⑭basis problem
Next: our solution for s=4!

· Unifies =2,3,4
· Many pieces work

fos generals (TBD!)
· Introduces new plabic graphs with multiple trip's

· Combinatorially beautiful,
e.g. connects

ASM's and PP's in a certain sense



graphs
· Postnikov introduced plabic graphs to parametsize
cells in 65o(k,n). planas bicoloset"
·They have tip permutations:
Rules of the sand Ex 6

8 8
I 4- ,58

142

Leftat 5 8
8

⑧ 2
27S

Rightat
8 8
4 3

Tip=(125634)



graphs
· Moves preserve Tsip: Thi (Postnikov)

8 8

Two seduced plabic
8 8 graphs have the same

Tsip ifand only if they
8

8 8 use connected by a
sequence ofmoves.

8



inpermutations
Obs(Hophins-Rubey) 3-sow basis webs ase street
plabic graphs. What as this Tsip's?
Dof the promotion pesmutation of TeSYT(35)
tracks whatenters the top sow when computing P"(T):

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



andtip pesmutations
Thm (Hopkins-Rubay) The bijection between
5 basis webs and SVT3) senks Tip to Pom.

EX
6
8 ·

I

1- 5 8 · 2
=
G

8 8

43

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



maksices
· psom: ST(3x) -> Sn is injective, but

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

· fix: letgom;socost which number enters saw i

Thm Test(s) is uniquely
determined by the

sequence of promotion pasmutations par, .,psom,
Moseaves, promsom,i



Wetrips
· Given a plabic graph (os similars), let
tip, take the ith leftat

it sighto

· Iden:if s-valent, trip"stsips-i.



wis.Mainhosted housesthe
plabic graphy

is an SLy rob basis. Furthermose, we have a bijection
SNT/4x4)+TfRHPE(n)
↑r6

pomi(T =sip; (6) (i=t, ...- 1)



Wis a collections, they sepsesentthe
same tenses invasiant.

Hence we have a stationinvasiant basis of

tensos invasiants encorted by robs!/



A

webs (new.)

Ex
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A

webs (new.)

Dof AY-sow web is...
·Planas-embeddedgraph in hish, allowing

housglass edges ⑧

·4-valentinterios vertices, univalent boundasy
· Bipastite, masked "initial"ones vestex



model
usual

Ous

(sink)

· (ruscel

· Isansmitting)
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yseduct
Dof A4-sor basis web is top fully schweek if
all trianglesin the b-wester configuration ase
oziented counterclockwise.
*
even "big"triangles

i



Asouth sules

some sample 4-sow growth sules:
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Asouth sules
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Asouth sules
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equivalenceasises from two moves:

1. Square moves: e.g.
⑮ ⑮

⑮ ⑮

⑲

⑮
⑮ &
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A · -
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⑲ $ ⑮
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Amoves

2. Benzene moves:

⑮ ⑮

⑮ ⑮

⑮ ⑮ - ⑮ ⑮ Actual benzene)
⑮ ⑮

⑮
⑮



tableauwithpostingry" has wors

I 1 completed
in all ways using...

Note these as naturally alternating sign matsices!



ASM case
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#
so goo 86 #
#
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↓ g ob



pastitioncase

Then the tablean with latticemost myzijn-zzyty
has equivalence class (a)

Eplane pastitions 3
in the axbycbox



pastitioncase
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pastitioncase

CW CW

*
X S - ~ x

*h hi 2 A
-

4 - -



THANKS!


