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- Rigid # Sparse + Low-Rank

- Moderately rigid matrices would imply circuit
lower bounds

- Extremely rigid matrices exist

We need explicit constructions of rigid
matrices
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BOUNDS ON RIGIDITY

- Know a simple explicit matrix with rigidity
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- What we need (for circuit lower bounds) is

R, (r) =n"" for r=Q(n).
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- The best known explicit bound



EXPLICIT LOWER BOUND

Theorem

Let F be a fixed finite field, and G € F"™** be a
generator matrix of a good linear code, then
for every Q(logn) < r < O(n),
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ERROR-CORRECTING CODES

- A C of length n Is a subset of F"
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ERROR-CORRECTING CODES

- A code C of length n i1s a subset of F"

- Code corrects e errors If for every x € F" there
Isat mostonece Cwith || x—c|; <e

- The minimum distance of a code is

d(C) = min(|[lu—=V]|t: u,ve Cu#V).



ERROR-CORRECTING CODES

- A code C of length n i1s a subset of F"
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- Code corrects e errors If for every x € F" there
Isat mostonece Cwith || x—c|; <e

- The minimum distance of a code Is

+ C corrects e errors |FF d(C) > 2e
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- Alinear code Cis a subspace of E”
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LINEAR CODES

- A C1s a subspace of F"

- For a linear code,

d(C) = min (|w]: w e C,w £ 0)
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SPECIFYING LINEAR CODE

- Two ways to specify a linear code C € F" od
dim(C) = k:

- By a basis: give a generator matrix G € Fxk
whose columns form a basis of C

- By a system of linear equations: give a
parity-check matrix P € F=Rxn st pw = 0 iff
we C

h
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CONSTRUCTIONS OF LINEAR CODES
HW:[: d easl linear codes with
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Proposition
For any finite field F, there exists an explicit
family of linear error correcting codes over F

of dimension kR = n/4 and minimum distance
d = on for a constant § > 0.



CONSTRUCTIONS OF LINEAR CODES

Proposition

For any finite field F, there exists an explicit
family of linear error correcting codes over F
of dimension kR = n/4 and minimum distance
d = én for a constant 6 > 0.

Such codes are called good. ot d i ensioy
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FRIEDMAN’'S LOWER BOUND

Series ~ - parqllet
C‘lwl-s q
P29ucine Rz 66,

Theorem ﬂg(dﬂd(ﬂ
Let F =, be a finite field of size g. Let

G € F"™*® be a generator matrix of a code of
dimension k and d/stance 5n for a constant y . @¢.,)
e ) 9= €;)

T leon<cg<h
F 5kn|°gq2r OZ (0§
RG() > —— 22 = (& )




PROOF OUTLINE

. G € F"™**—generator matrix of a good code



PROOF OQUTLINE

. G € F"™**—generator matrix of a good code

- Step 1. Show G has high “column” rigidity

£ [ow-nank ¥ 08
6 ovrnsy column o §

s gr\,qn_u



PROOF OUTLINE

. G € F"™**—generator matrix of a good code

- Step 1. Show G has high “column” rigidity

- Step 2. Column rigidity = rigidity



PROOF OUTLINE

. G € F"™**—generator matrix of a good code

- Step 1. Show G has high “column” rigidity

- Step 2. Column rigidity = rigidity



G HAS HIGH “COLUMN" RIGIDITY

Theorem

Let F =, be a finite field of size g. Let

G € F"™*k be a generator matrix of a code of
dimension kR and distance dn for a constant
0 < 4§ <1 Foranylog, kR <r<Z% ifevery
column of B € F™** contains at most 2 log,
non-zero entries, then

rank(G + B) > r . = 6# Lows pavk

+ B
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PROOF OUTLINE

. G € F"**—generator matrix of a good code

- Step 1. Show G has high “column” rigidity

- Step 2. Column rigidity = rigidity



COLUMN RIGIDITY = RIGIDITY

Theorem

Let F = IF, be a finite field of size q. Let bee )
G € F"™*® be a generator matrix of a code of Q'l@(()

dimension kR and distance dn for a constant J;_@(D

0 < & < 1. Then for any &% <r<
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