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① TñangulaHmsofsurfa#
*
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Set - up S cain
.

oriented surface
,
Mcs a finite set .

of marked pts ;
at least one on each conn

. camp .
of DS

Fock -
Marked pts in interior of S : punctures ✓ Goncharov

( S , M) a markedsnrtace ( a ciliatedsaofaa )

( S
,
M is determined by

* g = genus * b
= # of conn . camp 's of OS

* partition of marked pts on ds * p= # of punctures

Example ?⃝
b--0,9=1 b--1 g=O b-- 2. g-- Op
=3

part 131 p=2 12,1)
, f-

1
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A triangulation of CS ,M) is a maid collection of pairwise
not

-crossing
⇐ : curves in

trcanpasible arcs ( together w
.

all bdy segments )
☒ µ) i. endptsia M
interior of any aoc :

disjoint tankEMI
. amos

☒ He@

# of arcs in a tianya.it (SM )
n= 6g + 3b +3ps + § raid of

1Mt - p
G. MI

③



¥8m:_clustealgebaslcategaiescoft.pt#+Ypehir.-
convex

*¥a (n-gon : type An -3 ) Fermin - Zeleñnoky 2003
each

The cluster alg . has cluster variables for each arc & for bdy segment
Many relations between them i need only 2ne3 d-variant{ pab I A-a- ben }

Ptolemy relation :
4 { pis , pm , pas } u { pi.int/1'-is6 }

☐ ? pac.pboi-pab.pa-pb.ph ! "frozen variables
"

coefficients

→ QCGR ( 2,4 ]

Remi
Fomin - Shapiro- Thurston 2005 : define cluster algebras £61M

④



* Clustocategcry (n - gon )
Calder - Chapter - Schiffer 2005

Define quiver F- Th, ( n - gon ) (
stable translation

quiver i Riedtmana]
To : liij ] 1±i<j-1.jc.nl#arrow-s.-fi,jysfi.j+H(ifdetshed)

→ litlij )
translation : T : lip → Li - lij -1 ]

C. An,
: indec

. obi . Ma:p for [ i. jj c- To mesh category
irred . morphisms from arrows of T

,
of (PI)

4=-6 ( i. 5 ] -
- - - - [ 2,6 ] -

- - - - [1,3 ]

( Bil)
\
, I \

,

air ] - -
- ¥2,5 ] -

- - [ 3,6 ] - -
- -

- 11,47
→ I t \, t → t \,

"

- ←

[ 1,3 ] .
-
. - - [2,4 ] - -

-
- - [ 3,57 -

- -
-

- [4,67 - -
-

. ( 1,5 ]

Buan - Marsh - Reineke -

Thy Co
,
:=ÑlkQ ) /I'll ]

Reiter - Todorov
⑤"

Q -

-

i. → •→ • . . - •
→%



Q no oriented cycles

Ca = DBCEQ) / t
- '

• a ] cluster category :

Q : ^•→i→o
.
.

.

•→I
-3

Regards . Quiver P is the Auslander - Reiten quiver of Ca . gained

• AR / Ñ(kQY has shape ZXQ (triangular )
↳

built from copies of Arcia - mod) in each degree
•
?

• In ] sends to next copy of QQ - mad

• I to left

• ARIEH is ¥¥. (on Mobius - strip )
⑥



cig-j-ci.j-iaj-iii-a.is
triangal .Geauetricappioach-i.ir red maps← min

.

rotations • maxlnjidobi.c-ofcs.nl
• extensions← crossings • use tianya.to define a quiver w . relations

to get to categories of modules

• Whiffle : cluster categories in type Dn . Bristle - Zhang ECS ,m)
a B- Marsh * m - cluster categories ( via m - angulations ) * tubes (annuli )

• B- Bhan - Marsh torsion pairs → N arcs for Poiifo lactic objects
& tubes

-

¥#
• David - Roesler - Schiffer

'

II cuts in internal triangles of a friary . surface

ys
•
Coelho Simoes - Parsons ' 16

'

tiling algebras
'
: partial tiaug of disk

• B- Coelho times
'

18 gentle algebras from tilings of surfaces
-

Quiver : * vertices← arcs of tiling * arrows← rotations in tiling

-
* relations from

"

inner angles
"
in tiles

string algebras
• B- Coelho Simoes : from labelled things of surfaces

. ⑦



Grlk.nl = {b-dime subspaces of 1C" } Ask a- Yz

theorem ( Fomin - Zelensky for 1<=2
,
Scott for arbitrary K 20051

The coordinate ring QCGrck.nl ] has a cluster algebra structure

where every Pliicke coordinate ( p± ,I a b-subset of { hi . - in } )

is a cluster variable
.

k : triangn
There exist clusters

conqsliugofpkickecoordiuatf.tl#.:k--
7 triangulations ← clusters ( n -

gon )

kaobitray clusters arise from Postnikov 's alternating
stand diagrams on disk

⑧



-

,

* "" " " """ " " """ "" """" ""

6 6

☒ crossings alternate
,
malt

.
2

,
transversal -1¥

☒ no lenses ☒ no ☒

gives up to equivalences:

☒⇒ F-TE Snir=lr4(2511361 here

4 3 (☒ ← F-
]

* 1km1 -diagrams : strands induce permutation f:i-
TheorunBkiy Marsh ) 1km1 - diagrams give a combinatorial -

approach to the Grassmann'au cluster categories of Jensen - King -Su

① Q quiver from 1km1 - diagram
diagram : gives a collection of

② algebras from Q ③ k-subsets of Eli - - in } ⑤



①Quivuofstranddiagram_ : r dime model
> > >

w . boundary
s . •

( B king Marsh )
vertices of Q :

E± : natural potential
Qo : alternating regions

6
•

E-6
W

Qn : arrows
Q

.# ,

→ →
. -

.

¥÷ . t
•

⑥

3

"

dw :

" %f→Ép✗=q✗%÷÷EÉm
:

i.÷
from

algebra of Q ( a dime model w
. bdy )

Ba :=e Age e= { idemp .

of vertices on boundary
\

today algebra d- Q

④



Examine Q ¥¥ For Ba
•

×
,

"
xu#¥¥:¥.

I

Ba ± B :=QPnk{×y-y×
←
M relations

algebra team Jensen - King - Su 's
✗
''

- yn.ie } > olefin
.

of Fkn

③k-z-sim-sd-mcd-s-2-ecctD.t-y.is?xiYitTe.n:--CM ( B) = { B-modules free over 2-(B) }
Grassmann'an cluster category ( Jensen - King -Su )

Pliiche card's → indec
. objects in Fun

23
"

Every lk.nl -diagram P determines a coll
.

of k-subsets
,

←
rank 1- modules ( Jensen - King- Su )

4 123 3

M := ① MI c- Fun is cluster - lilting .

IE P ?⃝



• serhiyeuko - ShermanBennet -Williams
• Lam - Gaskin

Questions : • Press land

* mstnd strand diagrams for arbitrary permutations of {1- - in } ?

Approaches :

• tilings of dish → Scott map | € B- Martin 2018

Lud- all permutations)• tilings w
.

bicolored tiles DaCosta
( introduces internal pts in disk ) Dacosta

• Start with Scott's rectangular arrangements __ ( kid - diagrams ; cutoff connected regions
•
'

degenerate
'
Scott 's diagrams ( similar as tiling approach )

☒ Strand diagrams for general surfaces : set - up ?

associated algebras ? Categories ? ( d- . BKM Car k-zltriaug.at)
qn( kea )

•→→ -
-

- o_0

☒ Connections to root systems , higher rank modules ;^
2- -

-
-k -

n - ^

①characterise them outside finite /tame types ← 13,5) and cus)



eg

* P Postnikov diagram on disk w .
4 pts

→ Qp cluster algebra Aap ;
Press land gives add

. categoric .

quiver iv. potential
of it

thinks GP/ Bp / is stably 2- CY Frobenius ,
stand diag . gives a d. - lilt - obj .

{XemodBp_iÉB}| fanlihiys
Luse approach
d- B. Martin ) " GPC Bp )

"

¥÷¥¥¥¥¥¥É¥¥
.

dim
.

3 F- ( 14,321 4 F- 113112,41 3 F- 1123,4 )
cells ← 'decorated ' permutations

* [ two orientations of loop ]
all others :

k=2 fan bicolored tilings ( work in progress
by Joel Da Costa

,
Leeds)

4
2
F- 1329) ¥112113} 3

F- 11243)
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