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A language L is in

P s there
anomialtime

l s a det polytime algo to decide if ye L

RP if there's a random polytime algo that on input xndomizedpolynomialtime

if XEL decides Xel w constant prob
if x L always decides XEL
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no error P
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BPP ifthere's a random polytimealgo that on inputAmplification ÉÉÉL decides Xel w prob2213
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et H be constant degree expander
w degree d do vertices 82718

G H graph tensor product

6 1 266 0 6 51 H
7

zigzagproduct




























































Towering

Gk graph w an edge for every k step walk in G

w repetition

random walk R has eigenvalues 1 Mt m unk

81614 1 1 8161

degree increases from d to d




























































Zig zag product Z G H FF EIlet 6 be d regular
It be do regular w d vertices it will be our degreeexpand

vertices VoxVy Cy v nevo ve Va
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Zig zag product Z GH
let 6 be d regular
It be doregular w d vertices itwillbeourdegreeexpand
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et H be constant degree expander
w degree d do vertices 82718

G H graph tensor product

6 1 266 0 6 51 H
7

zigzagproduct




























































Tensor products
for AERM'M BeBnn

A B is a linear map on Rm defined by

AO B C ACB for CER man

special case

A B cod Ac Bd CEB de B

Fact A B has eigenvalues AAIB where

XA is an eigenvalue of A

TB mm B




























































Tensor product IQRA

IQRA is a linear map on IR
d
defined by

I RAN RyXv XERV'd

where Xv nth row of X

Fact I ATB IOA t IOB




























































Graph tensor

let G Y E GE V2 Ez

6,062 Vix Vz E XE

V xVz Y V2 V EV VzEVz
E xEz Capua CyV2 Cui VEE Cuz a C Ez

if R random walk for G

RE 62

Then R Bz random walk for 6,062




























































et H be constant degree expander
w degree d do vertices 8278

G H

6 1 266 0 6 5 H
Gk graph w edge forevery kstepwalk

w repetition
81614 I 18167
degree increases from d to d

Lemma Z GH has

graph G GOG 6067 2 60671H and vertices
degree d
spectral gap868,5vertices n

Fact A B haseigenvalues AAIB

degree d w ta is an eigenvalueof A
TB mm B
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IdmizPedpoinontaltimethere's a random polytimealgothat on input

if XEL decides Xel w constantprob
if x L alwaysdecides XEL

BPP ifthere's a random polytimealgothat on inputx

jj L decides Xel w prob223
if x L decidesXEL w prob243

Theorem

Given RP BPP algo one can get error prob 8 w

Ollogl's factor increase in running time

Ollogl's additional random bits
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