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Expanders : d - regular ,
d constant

·
Small SEV have many neighbors (N(s)) = 515)

Approximate Ekn
.

Pseudo-random properties .

Random d-regular are expanders .

Bef. A d-regular groph G is an e-expander if 11Lg-full = Ed

Is equivalent to Kxi-dl=ed for all i = 2. Because Nilekul = d Fic2.

In adjacency ,
is Mid . IMileed Fi = 2 . Ramanujan :3

For A , BEU
,

AnB= ECA ,Ble Elan)EE ,
at A

,
De B3

#m For all A ,
BEV

,
AnB= d

,
(Al= an

,
(Bl = Bu

IIECABII-dayul = Ednatroph ·
Close to dayu when &BE

Motivation : Consider choosing And B at random
, subject toFan ,

/Bl = Bm

Pr[atA
, beB]-xB ,

so BrIlain) fElAiBl] = IxB and ELECA ,Bll] = zxp = dayn

For Kn
, /ElAiBll = (n)(in)

,
so w(Er (A , B)) = dan.



toofof Thm # 13 = #](dI - Ma) 1p = 0 - lECAIB() =
- lECA , BI)

Let H = En . HLHAB = -dan .

And
, 1 (La-(H)Ar) = ////(a-(H) All = En . Ed = ed

-> DECA ,BIL-dapul = Educte

To improve
,
replace 11 with XA = 1A-211 XB = 1B-B1 , llxall= n

XLaXB = 1ALc1B
,

so lEl ,B) - dxpul = EdnP(B-p

For A <V
, define N(A) = Sp : JafA

.
(aDE3 = E for a small)

FannersThm ForFan
,
ICA)l = on ,

2=+d (for=&
#of Let B = V- N/A) ,

so no edses between A and B . /Bl U (N(A)) = U-B ,
8=B

By Thm1 : didn = sanctit-St(1- B) =xB=(1-+(1- B)

-> x(15140> & = <(2) +XU U=



Ramanujan Bound (Alon-Boppana) .

For large n ,
X = d-C + small

Want 11 so that XTLx = d-2 + small "a
Y - "Na

Idea : Let a ,
b +V

,

no edses between a uncal and DONCA*
x(p = Educa x(x = 2[d()- Yo)" + d(d- 1(2) = 2[d - 25 + 1 + d-+ = 4(d -2)

- 1 c = b
" (d ceN(h) =x = 2( +de-- further out

Thm If cre edges (a0 ,all and Choib at dist = 2k+2 x =d-2+
pf def Ao = 2009 . 3 Ai = N(Aol-to

, ...
Ak where Ai = N(Ai)-Witj .

Same for is

foraAi
,
X(a) = (d-1

*
atBi , xal= -B(d-h .

Choose &so x11 = 0·

A-denom= ild-A-nunerAid(Ad
(d -1) (1 - Y)= d -2

=An



Hild-2)A-denom and 1 = (d-1*Ail + Ar= ild-p
*-:

-Hi(dA-den
So,Bemamed-




