
 

Gabber Galil Margulis

Expander Graph

1973 Margulis

79 Gabber Galil

IO
iq

Sky y y stx.ytcxy.gg

1 x y X y x Ttxy x y x

EyeB E an

Lennart
finite set ACV IECA A l 3 IAI

Proof Let A ApQ Q ixy y o X oi

Show E Ai AHQ Hit it

Xo

SCAT C Qi
T CAT E Q

SRAM n TCA of exy

7
Isca u TCA ISHII 1 19911 219,1 Ta
so E Ai AcAQ 3 tail I



Wasn't so hard because G is infinite

Another ex infinite tree

o

t
Moving toaffinite graphs mod h quotient

infinite family of

v ie L i

HII y
x yet

19 edges

torus

degreeof this graphis 8

How to analyze expansion in G Vn En

Theorem M GG Gh is an Ch 8 7 expander forsome e so

Let IT be the torus 0,132 112422
ECT'T f e l sit 12 co



xiii min t.to I fs n o

feel f 112

f to 4,13 0

like a Rayleighquotientof a Laplacian Id M

Lemmy f e o Ets works X G z z IT E
where X Gn min u flu f v 2

t Vn ft Lf
f to

Etch 2

ftp.o ft y

Proof Fix f Vn 70 that minimizes the quotient

vlog Efly o Ev Hs He Wfhewn

Hc Hotel Piffle flea
Define Te CC T2 t s

interpolates

Flay f Lux LnyjHanka
p

A
floor

Stadt ti flat 0

ftp.fosftIF Toslt llf FTH.com.co

ftp.pc fj9j Alt Footway



14nA n Ey I

µiy 13 THY E xyY
D or

T f y

ft 11.4 1991 My tco Dj
9

HD 5.469 G412.1

6,6 is D Gk

THT
z
c fIs Hc f f µ ffcilo.nl ffk fk 11,4

Not hard to show that this is 3 11 fhoslftyfp.jp

TT
suppose IlsabL

0 6

Lemma3 Xz IT Go for some constant ego



276,01 S S T T

Cxy 3 City y x y1 X y

Gn obtained by taking modh

1 adding Ilo t Ilbo

degree 8

we defined a

1T Co 1
2

Rayleigh quotient

resembling 3 Laplacian

it min fosH2_ f fo
2

fetch Sta da
f to
ff o

Ellen 3 Xz Tp
the laplacian of G Id ga adj of Gn

K LapdG S
hy

E V



x L
edgeexpansion

11
ft Lf E flu fer

min u

vt.toth d fat
f 11

Suppose f 124 4 attains min for Gn
we define I lT

lx.ptT sfLnxJLhyJ e 2h2

Jay i f T

f Pdz Effi b tFAT dt capfc.az
ki

jcf fosfi CF F.TT doIT

if z happens to be F ba ftp.f a.b
FGGD flsca.bg

this is true for some z Sct Slab
but sometimes s z s a 1 1,0

fycfczt foslztf ha.FI fCabl fCsl9bD2 ffflqb fGla.DHso



hemenator XI Gu E flat fslap t flab flags 2
Ri

flap kaBHI't 149,4 flatbD2

Ding ap s 22 282

flap f Slab yo

c
215dam f staid 12 f SfaD f said 1Go

Gn 3 act
2 2

11 11
Lemma HIT 721222 Yolo

f f fos f foi Zwhere we define ad22 i inf

t.ae EtgEiao3tI o

e 124 ECT
F

f IT f Fff
If o Pcoo 0
IT

linear

isometry if 112 11412

Recat that every f e L41T canbe written as



f E Fcab Xa equalityin eeab c22

Xab Xy e
2mi ax by

s t IcaD Cf Xab Ht XgIz do
IT

Xcom T

ego f f y If O

g
given

Parsenal's identity f f EPlaid
IT 22

Xz
II

f f fos f foi
Z

F Fos F footZ

feelin I to t

f f o fgo o EH

Peek24

ff 2 I
n n nSCH i Hz fos Ct Hz Hz fot Z

154 t

Let's calc post qb C KS Xab

f ffscx.gl XabCx.y7d2Xiy
defofS

ffCxgyy e
2TiCaxb9 dxdy

IT x'exty

J f y y eutifax 1lb aY daddy
IT



Cf Xa b a Ffa b a

fast a b If qb

similarly Cab 5 la b

Sez Fez FC
tea Fez FC 5 t

552 J z FCT E
E 22

For every f c HIT Sf o

BQ of F equals RQ of Pin IT in 22

ftp.fosf cf foTYSI esI.pzElf fo 2
ff fdIj2

gf gf2gef2
Parsewal

isometry

WIT 372122 IC



Summarizing We saw 3 graphs

G
h

721413 s 7211T discretization

1T approximation

a

Fourier transform
MT 2122ZZ

expansion here

72124 3 h 2
Z

f
I

Cheeger's inequality

s h s E
I I

we will
wesaw see

infinite
graphs


