0368-4159: First Course in Derandomization

Syllabus - Tentative

Lecturer: Amnon Ta-Shma
Scribe:

00 — Lecture

1

Part 1 - Probabilistic Algorithms

Parallel, probabilistic algorithm for Maximum Independent Set - derandomization using pair-

wise independence

Parallel, probabilistic algorithm for Perfect Matching in RNC2 - the isolation lemma, proba-

bilistic reduction from SAT to UniqueSAT, derandomization in QNC3 (not covered)

Parallel, probabilistic algorithm for min-cut (Karger) and derandomization
Probabilistic algorithm for Polynomial identity testing (PIT)

Primality testing - classic algorithms, AKS and derandomization [AKSO04]

Part 2 - Random Walks and Expanders

Random walks on graphs
Spectral analysis of graphs and the spectral gap
USTCON € RL ([AKL*79])

Expanders and random walks on expanders

Error Correcting Codes and ¢-bias

Error correcting codes - intro

Reed Solomon (RS) codes and k-wise independence
The relation between binary codes and e-bias

The Hadamard (HAD) code (0-bias)

The GV bound - n > %

&
Concatenating codes: RS o HAD (n = (5)2)

Justesen code (constant bias)

Amplification using expanders, the Rozenman and Wigderson construction (n = %)




4 Fourier Transform

e Fourier transform

e BLR linearity testing

5 (k,e)-wise bias

e Constructing e-biased k-wise random variables [NN93]

e &-bias implies 2/2¢ distance from uniformity

6 A glimpse into derandomizing space bounded computation:
Bounded independence with noise fools BPL
e Intro to space bounded derandomization
e Iterative bounded independence plus noise [FK18]

e Nisan’s generator

7 A glimpse into derandomizing time bounded computation:
The hardness vs. randomness paradigm
e Intro to time bounded derandomization
e The Nisan-Wigderson generator [NW94]

e Derandomization implies circuit lower bounds [KI04]

8 Seminar in Spring Semester

e Complete Classification of Generalized Santha-Vazirani Sources, [BBEG17].
e Deterministic extractors for bit-fixing sources and exposure-resilient cryptography, [KZ06].

e Deterministic extractors for affine sources over large fields, [GR0S].

e A WelchBerlekamp Like Algorithm for Decoding Gabidulin Codes, [Loi06]. First do Welch-
Berlekamp for RS.

e Kakeya sets, new mergers and old extractors, [DW11].
e Subspace Evasive Sets, [DL11].

e Extractors with weak random seeds, [Raz05].



(**) Explicit resilient functions matching Ajtai-Linial, [Mek17]
Pseudorandom Generators from Polarizing Random Walks [CHHL18|.

Pseudorandom generators from the second Fourier level and applications to ACO with parity

gates, [CHLT18].

(*) PCP proofs - truth tables approximated by low-degree polynomials

e (*) Dinur’s proof of the PCP theorem using random walks on expanders [Din07].
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