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Introduction: whom are we talking about?

�Graph�

�Function on vertices�:

f = (fa, fb, fc, fd).

�Adjacency matrix�

A =


0 1 0 1
1 0 1 0
0 1 0 1
1 0 1 0


�Eigenvalues�

Af = λf

Λ = {2, 0, 0,−2}

�Eigenfunctions�
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Introduction: whom are we talking about?

�Graph�

�Function on vertices�:

f = (fa, fb, fc, fd).

�Eigenfunctions�

λ = 2
f = (1, 1, 1, 1)
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Introduction: whom are we talking about?

�Graph�

�Function on vertices�:

f = (fa, fb, fc, fd).

�Eigenfunctions�

λ = −2
f = (1,−1, 1,−1)

Ev Sotnikova 5 / 21



Introduction: whom are we talking about?

�Graph�

�Function on vertices�:

f = (fa, fb, fc, fd).

�Eigenfunctions�

λ = 0
f = (1, 0,−1, 0)
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Eigensupport

�Local de�nition�
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Eigensupport

�Local de�nition�

λfv = fa + fb + fc.
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Example:
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Example: Cocktail Party Graph

t = 5

Strongly Regular Graph:

srg(n = 2t, n− 2, n− 4, n− 2)

Λ = {n− 2, 0t,−2t−1}
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Example: Cocktail Party Graph

λ = 8

Cocktail Party Graph for t = 5:

Λ = {8, 05,−24}
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Example: Cocktail Party Graph

λ = 0

Cocktail Party Graph for t = 5:

Λ = {8, 05,−24}
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Example: Cocktail Party Graph

λ = −2

Cocktail Party Graph for t = 5:

Λ = {8, 05,−24}
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So, what is our problem?

Question: For a given graph G what are the minimal cardinalities of

its eigensupports Sλ?
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Matrix Rank-distance graphs

Let Mi be the matrix of size n×m over the �nite �eld Fq. De�neM to

be the set of all such matrices Mi.

Now consider the following graph G:

Vertices: all Mi ∈M
Edges: edge (i, j) exists if for corresponding matrices

rk(Mi −Mj) = 1

So we obtain an undirected graph with qnm vertices, which appears to

be distance-regular.
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MRD Graph: Let's start from something simple

[
0 0
0 0

]
[
1 0
0 0

] [
0 1
0 0

] [
1 1
0 0

] [
0 0
1 0

] [
0 0
0 1

] [
0 0
1 1

] [
1 0
1 0

] [
0 1
0 1

] [
1 1
1 1

]
[
1 1
1 0

] [
1 0
1 1

] [
1 0
0 1

] [
0 1
1 0

] [
0 1
1 1

] [
1 1
0 1

]
Intersection array: {9, 4; 1, 6}
Eigenvalues: Λ = {9, 19,−36}
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MRD Graphs: Let's start from something simple

K3,3 � minimal eigensupport for λ = −3

[
0 0
0 0

]
[
1 0
1 1

]
[
1 1
0 1

]
” + 1”

[
1 0
0 0

]
[
0 0
0 1

]
[
1 1
1 1

]
”− 1”
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MRD Graphs: Now the real fun starts

Consider the case Fp. How to �nd Kp+1,p+1?

Let's construct it!

Choose δ 6= −ξ2 ∀ξ ∈ Fp
Take the following matrices as vertices with the values "+1"[

0 0
0 0

]
,

[
1 0
0 1

]
,

[
δ

γ2+δ
−γ
γ2+δ

γδ
γ2+δ

δ
γ2+δ

]
, γ = 1, . . . , p− 1

And the following matrices for the values "−1"[
1 0
0 0

]
,

[
0 0
0 1

]
,

[
1

α2δ+1
α

α2δ+1
αδ

α2δ+1
α2δ
α2δ+1

]
, α = 1, . . . , p− 1
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MRD Graphs: How about bigger matrices?

Matrices of size 3× 3 over F2

Matrices of size 3× 3 over Fp � ?

Matrices of size n× n over Fq � ?

....
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Thank you for your attention!
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