











































































































More intuitionfor zigzag products

G N D X expander

9 V2 Dt E G

Ai Az Az hey t t indep samplesfromED

Idea Take It to be a D d x expander

b be by bet
11
PH bi i basis

On Can we build a graph G H that mimics this
walk

Wait v3s ith neighbour to be Ou
Cusa

Fix Let vertices keep track of the b's

GAH on NIXED Usa If
Gay I

say the ith neighbour f Usa

Rot u a where a isthe ith
neigh

Levb

Hope this works
I H Rota

Fixe Add another intra cloud step

I H Rota IOH Zigzagprod



Instructor RamprasadPseudorandomness Lecture 12

Agenda Finishing up some expanderfailjanstitition
low space algorithmsfor undirected s t connectivity

Recap Graph operations Good Bad

Is S III times c

Zigzag reducesdegree slightly worsens d

Base graph CD D 48 expander H

G H Ge GE H

Claim Gt is a Dat D 42 expander

Pf
GEE D't D 44 D D 48

Dat D X

C X 3.78 I 0.52
D

Time t E 2 TimeltD 04 explt
timeto compute poly 1Gt
Rotat

Fully explicit construction

Base graph H D8 D 48 expander

Gi HZ

GE GT Gay H



Claim Gt is a D8 D 42 expander for all t I

am
Is there a path from s t Des BES

Whatif you only have OllogntSpate
G

walks s
pollosn

polylns
Randomised Algo

start from s and take a random walk 7
for l n steps can bemade Ollosn

If we encounter t return yes
BGwader

constdeg

Else return No

Why would this algo work It actually does

Ex in Ps2 For any
connected non bipartite d regular

n vertex graph XG t t aatana

x 3 1 If y

ly Illa InMd Az 11 at MY E X In Illa Ent

y puts In In mass on t

What should I be so that Il E Yaz
stane I 4ns 1 0 din'logn



you should expect to see t about n times
in an n length RW

On What if G had spectral gap 1 o

What should I be
Wait the 4ns l O login if

Xs I is a constant

On Can we solve sit connectivity for general
undirected graphs in Ollogn space

If only we could make G an expander

Attempt 8 Slap an expander onto G

Lose disconnectivity completely I
What would happen if we just tried expanderisnig

G using the square tensor zigzags

Each component becomes an expander

Isconnectivity is not lost



With all details

step 18 Make G D regular for const D
without altering components

qq.EE reg
graph

S ut ED mo ta

s t iffin G
S most in G n pay

For 8 2 l Ollogn

Gi Git H
D D 44

Sr and tr are arbitrary vertices

within cloud Sun cloud ta

Ge is a graph on N D4 vertices poly n

deg D

Lemma I Ge for l Ollogn has all components
having const spectral gap

Lemma 2 Rota can be computed in Ollogn space

given only the adj matrix of G



Pff lemma 18
spectral gap increases by a constant factor each
time unless it is already high

Claim V Gr min 35 TCGr i I

Pf MCG C C MGK 39

ICE Va

y
12 kd.fi

418 Ez
2Va Tut E 44 q

f 2 Va 7 352 D

do
pouting

de min E goyen

in l Ollogn steps 113,8

Computing Rota in Ollogn space

Claim If we can compute Rota in space s



then we can compute Rotan in space
St 04

specification of computation
Original
graphokay e

iii

Work

Output expected on tape 2 with same head position
rest intact workspace cleared



t ii
Palash adj

Ryu al
Cub

Ija
Space for Rota Spacefor Rotan t OLD D

Them Reingold U STCONN E LOGSPACE

Path enumeration algo


