




































































































































we construct an infinite sequence of d regular expandergraphs
algorithmically via elementary operations

Two operations Powering Zigzag

G E

GZ is the graph on the same setof vertices
and edges for two step walks More accurately

A Gz Ag Ag also Moz MaMa Mo kAa

is of regular
a self loop counts as
adding 1to degree

claim 02 is d regular has eigenvalues Xf is

we can remove the d self loops Agz d

G H two graphs G H

Notation G is an Chin 2 graph denotes an m regular
graph on u vertices with max 1 21,1 1152

Hi 1 Hits L 17137123733 37in I

Assume G is Cnm 2 graph It is cmd p graph

Then G H is an nm d pimaxfa.PT graph

Zigzag construction of Expander graphs

Powering:

zigzag

Theorem [RVW '00]:






































































































































we define the operation First an example

g
H I o H

M 1ii e
First

edges
88

more generally replace each G vertex by a copyof H1 connect G edges to anavailable slot in thecloud
Newedges in G H are Hedgethen GedgethenHedge

In matrix form

we define
µ a matrix for blue steps

also Ftg a matrix for purple steps

our final adj matrix for It will be A Aho AYH
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µ 90Mt
AH that.II
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It

Tf Iv AH i
thedgeofugJ

thedge.fr

I
AhoKyi Iv j 1 c uyvg.lu ejCv

edu is an edge in e ul edful
are the nbrsingedgesto U

Ao Ah A adjmatrix of zigzag product

why is this a good expander

Suppose SCV
µ

If S splits most clouds inneredges cross

If S is full empty on mostclouds G edges
cross







































































































































Notation For a d regular graph we let M tdAGbethe normalized adjmatrix

t.gs f fargCu Tv Etalgal 1 112 cf f

x max 4M 43 where f ef IT is

i max lad Hnl

LMf g ECMACvl girl
Eu wth girl newfangirl

CalledgesWEE

Fix f Vg µ R st Ef hi 0 need Kmf f 1u VG
inVa

f f ft
Define ni flu j ero o

j I in I n I

f const oneach cloudDfw ft yi flu i 1 hi ft expectation O oneachcloud

ft f s Hail f ai ft Hagi ftu.it O
doesn't

dependon
i

f f ft

Ic n't.IS cmfYH3 emft fti cMOfyf5 cmft.fnf

s 1 Cmf f I t I e m ft ft I 1 21C Mf ft I

Proof of theorem:






































































































































g f

tempt f I CATHAY ftaff
H diAa

KATT f I knot I
g 9

where f Va R flu f yn
ufjaFH yfy.tll4il tEfcu.il

oSXjlFlTsyqa G

H 112

1 Mft ft 1 4 mimaft rift
I

limit ftp m ftHstnn.f4l2normalized adj matrix PM dirt Ahrq on't zdecreases S Xp 11ft1
2

y
thenorm

Ma M p2 y 2

Recall in My Iv Il Tn ft Hs x it'll

f Ef so

tf Eero
i

It ft
F






























































































































21 Mft f s 211Mft Il H f Il szp.xftll.lt ll
IN SHH
xp11ftIt 2

All Ht 117 1114
2

AMGM y s try b

lent t I sa tf 1142pA H ftp.yflf
AMEN

puffpill 1ft Http
pHfH2

f Nflpa x Hlf 11ftIT 1 fifth

f HIT a max x p2 HIT a



Ho
t

startiy point take It tobe Cd d 4 graph

take G H2 d d to graph

G G H Gi Cd d't graph

2 1 of H d d d o graph Vs ftmaxfqp

Gn H f 4 a 6

8sty146s's
claim Gn is a graph on d vertices degree d2

the I max mid lait s

Gn is an d4h d E graph

Proof
Gm is an d

4
d 4 graph

Altogethergnqgg ritthmi.sannumfrdantnesu.d9ufphdsz.TTti.dg9naopdyH
then proceeds

inductively

Vs ptmaxla.ph

P IT 2 4 f s t tf L D

n

Constructing an infinite sequence of 

d-regular expander graphs



extra
Ex modifications

Let G be h d X graph Is 0.1

Suppose we remove edges from G so that

G V E E'CE is of regular
is G still an expander


