EXPANDERZ AND THEIR
meﬂom{

Ry
° Expande Graphe and fesy Agoliationy
b% oy, Linjal and W?Wm
* Uideo: #n intoduckory Susey o 2xpanduy
amnd. s ApPp i By bU Avi ngwgah
o eudovandomness Cheprer 4
béj il \bolhan.

Expande Graphd asw véy Wiyl dseclz for bem,
m%&dﬁ @i(vbnmmbex, Lome ﬁugp{rcgmm n &

° Dezandomizaki on

¢ Civawut Complexity

7+ ©rter coneching eody  (Chalk £ Talk)
> 0

Ciry 00
. co%lm% awd corfivg petworke

© ApEMALy Cownting,
|‘ /Z,H/
Expandus
ochawe Like!  fandom grapha.
They dastisfy #eflouu‘m& (Quivaans) propecces
(D) Combinatosial 3 No sman cudt conmectig

W|
5 45V s4) i
i G o'

hw o “g?a)(gg” Frapt Hoat




@Wdoa/mi[i%&a M{M Gonvergene of random walk.
(%) %ﬂm Amal eeovd sigpwalue (M) o

ounoizd Add‘amcﬁ WOTX.

- CbED
[%Lr/ n (—o)

b1t &
Q d—frxed. g )

o;“ Combeinalonad vigw — Chigihrconnechvity )
v < l1glen leg )| > ¢ 18] d

e Va4 \/<
o QOQ%Q betweey — SSOMNE

@y What weutd £(%,5) be randow h7
e o M wardug wm% XDt ot
from an  expanda

j%oba)m'ugﬁc Vi Cﬁﬂpfd OVergUNe of vancom waﬁk)
up ¥, (Y d/\‘%{loud;cm)

Upg— W, —2 Uy —> - - - —> ([ (CEvandom watk)
8, oW to T C%vm duckaibutian) m
OJ&@%@ geaps o4 as posble).

@Mb\g&_@gm_&ﬂ@ (emayl tecord elgpwalue o K)

Recad, novmakized aog‘o(cwc@ Moy .




Why Z

(4

Md'f%uﬂa& graphs Crecant) :

e Lok whww Hg v odjacimy Wdkix
‘PfélCM)W" "[L ﬁg CM)V)C—E
o

if W) dE.
ElggWalun vy K 0z (Lcas)

— K(G)-= I | Hel

Recan , for convergene of dandom watk , we
wank™" " K() £ 178 (for 02€L) 7 We Slp Wik

|- Vlg) t cauled “Cpechud gap‘{
G » (0,d5)-graph : K(G)EE G expander o §4a.
YD A infinite \QW”‘”& {4ey of (ngd, $-graphs

W an Lpandey faumily” af- 4T, 4.

¢ M)“A dprone = Fost
Q?Eé[%@'pm EL@OWMQ\‘m 7 MA w‘rg

—>K(G) = mand f[epll, = W€l =4 ) f_LTf_? ’*@
b

nlﬂ) 9 Guhogoval 1o
t=(h 5 %)

Theorem ( hlado@iC Bgansion = Fagk Mixing)s

For any Sankig olstiowtion £ afier trandom
& L WOk
We¥o-1l, = K




'QXP

Yoodt-
el = | §-m -kl
Everttse Show it (M) L1
T | bg cpaked une o (D we gt
gui-all, < ket 2

= (o Ologn) Sepe oo
( Qcﬁﬂ?g’ (ugl/\w gzuig )@@afgmugh dg%mm(j)

Maelraic = Conor nialoriod)

PM\X'low ’Emfgztﬂm
(" Stiieis)  Peigaieon)
G ¢
S T
b WVW/VWO—UV m‘ﬁ/hﬂo \aﬂge
h&ion gx/T u wwur

22N oM dz/%@uﬁm W!ﬂ
Expanden MAxtnéL fomma, - U G B @ O
Mv\ acwu? \-KGY). Then « et
d of olongifies oL=¥el)y X 1o\l ,we awe:

[BLD — A = HIE) (LoD R IR



5 TE you ke =2 2 e (- Hew
RoovZ. mma.  Givel
2L —~ occm)l < K(G) L (1)

N-ad
2 L&gﬁ) Z (- wa)) &) Z (- Kig)) &
L =< 21
n
(prove wm)

2 e S wy Klé% ,
ES ) = (k&) |¢l-A
zZ
Reau) Hak %hmwf) Qs®) asked You o

B prove M ma .
Proo (Ckokcn) s
A &,T be Mﬁa%rj’ by Q2T o
EW,T) = _,[% . = ‘/ﬂg (d- K)'ﬂ,_

We kg G- z@f@@x«g%ﬁrm@
(Whise &, b, . -cbn,, 054 angadvsql £)
ESD) = A5 Kar Lo Sk -8
dn N
= oé{é—f- ¢zﬁmgcc)1/)

JLW tovrls
mﬂ- =0 +0w£)0/m

P D] < | 2 xeAO30)

1 =5
N ¢{zo




Now , we (anchy- Sehartz & complete s
f\vmel%. cww%‘w U dowe apsve).

ERSENCE  OF EXPAVDRS
Theotw [ Pingkes' 33 Kolmagorov—Bayz din N

Mot 5/;4%/“;@,«,, Mm AL ONpaNaAL .

Ty b prove RS (Probakilice %ﬂd’) &;{Z pck
A randowt % h g Anwy et
r C@%ﬂ%

UrLég & Vo

panding ] < \/o
Chadlinge = @%ﬁ "Esplicit—rpardynd & Sray
What deee  explicit Meapz

(Weakly explici [z { Ge=(vsy B)§ weakly.
LplCiH Means #u adgacunty WaiEx
dpp (o ke Constmcked in PO%C/VED‘W-

&@@% exPchc'ﬂé Reo Cun ke conebmeted

B Log ([ Ve) time: -
i-e- ?q?m‘%mag; Jg\/; , vl poylrg (i)t
L()]m’{ Cam Ut Al VéeVe st CM,v)szf

Examplo A Shon et expandes PCWHILLL
- v
T ‘ V=
of prime P take Zp. o
o Waw Ty, @ Ghmig et i G

o MaeZp 1FO0 | (A,AVVEE
@ COIO’>C’E




[lusotey s Sarna'8e] Shre s B

T oy prime. P, C’[f o q

A Shoon @xP\wH* Y éaudar

kg (¥(4e)<0-9) 332
3

No Sunple A cl PYO‘? kmwm
prog- weee Shongés ’ézsj
Q {2ourgaun- QWW’
P 099 & dawge o A 0T quughen:
How ewvall qun K§) beg

\riveadyon - (ﬂd% W (§<4
M%W 4 i )9%“‘(9 (545

gt e, a® &=f - guaph,
‘\’ﬂk/. k/w’) . [’10 W
me 0{/ gerase, dnow

: ” (s K crfC
Mjacancy matix g r@umrggfmgméf

2, (am, Shrink K(g) ot the 00;@0{ nexeasivg

o e .

ﬂqea@m (Jowe v \owwd on ¥i(&)) LAlon—Boppanall s
A finite family &Y op g, d)-gragu muse

howve”  K(g) ; (&4&7‘)/@ o Ya

-Hm s & hght bound TLPY'85T
gprm weiking Hau bouwnd

Rauma (@@m @’V@FM



EXNMPLE  APPLICADION @ ERULT- TOLECANT CLOMPVTATION
Tven Neumann|

Can you ouily suliable uvawt from Mm@’m@)

wmpmzmz Z

Giver.: o areak C {or £ e
Gze £ h Hat ev.
ats fouls with pyobaknligy. () C

21
(V)

O

Can tongtck ¢ for &)

c/m%}?(x) w-hep. & witn ﬁ{ \g/ (M)

Aol gz 97 T
% 2z

Tnitial ddea:  yuk ceplicaty Yoo / )
%

@ @@@

®/ %"“ &
O @@ 0o @ @

DR ©®e e "goat
@*ée.?s,’\ A
TOGE 00O ©6 @ @

BROD VOOD DD OO




[N

S Wg do nek wank gevor? bo neax and acumulats
ayo® fovels |

Vee <xpandure] Zven Neamann Pordduin-OrHyukoy,
T Pppeger

Tha.  Vaerihy 4od connecked expandps.
- @%@%‘2@, 60003);) e
o Wiy doat Wiy hetp | (Tituhie Precusion)
Expandes Mising demma (Statd o 2
1%Pg/rgv 18 ety
[ Pr Tues, veT] — wl1y) m@&’?] s 8

UV

(Take G w le (0,d,9) gpraph)




Covollary af Ex ponde, /vu'm‘gg

@ evory cor S of @z £ <Y conkming
o4 m Ho VETCE wit, 7284 neghlors wm <.

::> %&wmv\ procesg s day b v ckep <ouy
@ gdzz To, T - wd:tb Sucfﬁwﬁo
\/ac'r@ 284 (nlaa’ ot s oy each Soge)

e B § g,psz, Sy e dfined as:

M- 9>0 , vcgg_n majmho,t 0{» ¢ m&ghboﬂ n .

W T(/Z) El) 2, - - 26 [2( dﬂé’U/LﬂOe 2R
= JUL AN

ﬂ/w/[, @;) [J QJG;qS 'P'DY ﬂ?QDgﬂ
A o VOJ_CZ%/)‘,’ g’/z —\;L'{S

Coming} e H e madgﬁ'zd arcuir C’

@ says war fradion of vAlua 1
bkaw Yt & vior Hhe corver valuwe %f
m e Seme Sl COM@}@W Prﬁ[chon/
mms& o o Wilhout blowin
u(? Uy UF(?% tvo YYLM/I% (ad ﬁ)

) I blow-up in Jize @vuba b@ OCtog/z)

wxom phwtiw —> anror-cotrechon
we MU& m
@]L Wefsbed —aﬂ@ le; qu (Feg&emu o %,LD

fof Ww/\@ MoZe. QPP&CMZWM



