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- Step 1: O(*- - log %) changes in n x n matrix
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LOWER BOUND OF SHOKROLLAHI, SPIELMAN
AND STEMANN
- Untouched minor.

- Step 1. O(”—,,2 -log ) changes in n x n matrix
leave an r x r submatrix untouched.

- Step 2: Take a matrix where each r x r
submatrix is full-rank.

2 .
- After O(= - log %) changes, the rank is > r.
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LIMITATIONS OF UNTOUCHED MINOR

- This method can give bounds of O(*- - log %)

. Limitation 1: _
There is a set of O[Z - log 7)lelements of a
matrix that touches every 7= r submatrix
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LIMITATIONS OF UNTOUCHED MINOR

- This method can give bounds of O(*- - log %)

+ Limitation 1:
There Is a set of O(”—,,2 -log ) elements of a
matrix that touches every r x r submatrix
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- Limitation 2: lﬂwwﬁui&

There is a matrix where all submatrices have
full rank, yet it is not rigid
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LIMITATION 1 2

Theorem ([Lok00,Lok09])
There exists a constant ¢ > 0 such that for any

large enough n and logn < r < n, there exists
a set S of cf ”—rz log Zfentries of an n x n matrix

such that its every r x r submatrix intersects S.
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Limitation 2



SUPER REGULAR MATRICES

Definition

A matrix A € F"" |s If all of Its
square submatrices have full rank.
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SUPER REGULAR MATRICES

Definition

A matrix A € F"*" |s super regular If all of Its
square submatrices have full rank.

Goal: Show that there exists a super regular

matrix that Is not rigid
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SUPERCONCENTRATORS

Definition (Superconcentrator)

Let G be a graph, and let | and O be two
disjoint subsets of vertices of G called the
Inputs and outputs, respectively. G is a
If for any

1< R<min{|l[,|O|}, " C Iand O" C O of size
[I'l =|0'| = R, there exist k vertex-disjoint
paths from I’ to O
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SUPERCONCENTRATORS

Definition (Superconcentrator)

Let G be a graph, and let | and O be two
disjoint subsets of vertices of G called the
Inputs and outputs, respectively. G is a

If for any
1< R<min{|l[,|O|}, " C Iand O" C O of size
[I'l =|0'| = R, there exist k vertex-disjoint
paths from I' to O’.  §i2e of WM%“MW‘[”"
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Theorem

[[Val75]] For any n € N large enough, there \/
exists a superconcentrator G of size O(n).



EXPANDERS

Definition ((n, m)-bipartite expander)

Foranyn,m e Na (n,m)- IS
a bipartite graph E, ,, with vertex sets U and V,
where |U| = n and |V| = m, such that for any

Sc US| <, INES) > 1IS|
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EXPANDERS
Definition ((n, m)-bipartite expander)

Foranyn,m e Na (n,m)- IS
a bipartite graph E, ,, with vertex sets U and V,
where |U| = n and |V| = m, such that for any
N(S)| = |S].

Lemma

For any large enough n and m = [37], there
exists an (n, m)- b/part/te expander E, vv/th at

most-edges 7, CF
% ? @(ui)dm
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Theorem /

[[Val75]] For any n € N large enough, there
exists a superconcentrator G of size O(n).
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