































































































HIGH DIMENSIONAL EXPANDERS

A graph G vie is a x spectral expander if IAptsAsX's
y f v r luqefmfa utfmkulsx.tl or Aj J 475 sided
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Definitionof HDX

A x onesided twosided link expander is a d dimensionalcomplex

X st for every face VEX dim r d l thegraph Gu XuldX1
is a x onesided twosided spectral expander

X is sometimes called a X ADX

Some Examples of HDX

The complete complex Let o n Xli E XD'll
eg when d 2 we have 1 edges b triangles
For vexed Xr Dh Johnsonscheme at ph

A random t regulargraph is an expander
Is a randommodelfor sparse HDX No Evenford 2
if wechoose edges w probability p small no triangles

if we choose D's disconnectedlinks

No V Va
The dti partitecomplete complex

tXo Vou v v Vvd
Nit n ti o d

X d Vo Nd VieVi corresponds to tuples ro valent

and Xli ied is defined by downward closure

Ivey Xu is a d partitecomplex


































































































The Spherical Building Fix F Fg a finitefield

X o all linearsubspaces of Pdt
X o V u k u utd where Vi linspacesdim i

G d12 il

X d u uz um I dieVi and une use use c Udt

Forexample d l Xo V v ve y fine ve plate

lives us Man d h

me pan

points vs lives inprojective plane

Forexample d 2
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fix upVe Xu linesus planes
line

p

spaces

ingidence graph

It is a Fg onesided link expander

The Lubotzky Samuels Vishu LSV Ramanujan Complexes

For every de 2 and primepower q
there is a family X X X of ddim complexes

on an increasing of vertices st the linkof each vertex
is the d l dimensional sphericalbuilding over Fg





























































TricklingDowntheorem Oppenheim Localto Global

s
choose avertex V then an edge aweXuli

choose auniformedgein Xli
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8Up and Down Operators
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Want basis for c that workswell with UID Max

High order Random Walks

Up Di Ci Ci lower RW
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Notation Mit non lazy upperwalk It DU it 5

so DU IzMt t zI
M J

Def X is a d RW ADX it 11Mt UD s f 2sided

Mi UD I 8 I Asided
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Application Amari Liu OvisGharan Vinzant

Matroid basis exchange RW converges

Given G V E tut h let m

XCol E

X h 2 all spanning trees of G

III III.tt Its
to see convergence check connectivity

expansioninlinks

POStSm simplicialcomplexes arenotthemostgeneral
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co boundary f Cim it Jf s I 84 mod2

boundary 0 Ci Ci t Offs Eff mod2

cis Exit f Xli E

go
& parity check maps

can be viewed as linear encoding maps


from here we get LTCs, quantum LDPCs

co-boundary & co-systolic expansion

using the incidence structure to define linear maps



Boundary operator Oi Ci Cp down

Coboundary operator di Ci Cit up
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Edge expansion a coboundari expansion

Edge expansion 4G psg tiffs
or heals min

Jf Bo o i
typo distff Bo

ut df coboundary
expansionmoregenerally hi x fifi distlfB

ut of
expansioneven moregenerally hi x paying my y
systolic

Kerd kerf

Sf I a test fortheproperty f e 2

Ci Ci Cit


