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Introduction
Quantum Theory of Degree

Discussion

Outline

◮ Short intro to degree distribution (stochastic random walk)

◮ Quantum generator and Probability Distribution (quantum steady state)

◮ Quantum Correction to the Classical Behavior

◮ Entropy Bound
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The Graph

A : Adjacency matrix

D : Matrix with node degrees on the
diagonal

L : Laplacian matrix
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Random Walks

◮ start from a node

◮ choose a neighbor

◮ move to it
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Degree and Stochastic Processes

Stochastic Generator:

HC = LD
−1

Probability distribution at time t:

PC (t) = e
HC t

PC (0)

The eigenvector with zero eigenvalue is:

φ̄0 =

(

d1
d2

...
dn

)

Linear correlation between degree and
probability distribution at the steady

state of the stochastic process.

Degree

(PC )i
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Quantum Generator

Quantum Generator

HQ = D
−

1
2 LD

−

1
2

with the same spectrum of LD−1.
The probability distribution at time t:

(PQ)i(t) = |〈i |e−iHQ t |Ψ0〉|2

The eigenvector corresponding to the
zero eigenvalue is:

φ̄0 =







√
d1√
d2

...√
dn







◮ initial state

◮ long time average
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Probability Distribution

(PQ)i vs. (PC )i

0

20

40

0 100 200
0

2

4

0

3

6

0 9 18
0

1

2

0

3

6

0 9 18
0

1

2

3

0

3

6

0 8 16
0

1

2

Degree

O
cc

u
p
at

io
n

(1
0
−
3
)

D
egree

D
istrib

u
tion

(
1
0
−
2)

BA ER

WS RG

Degree Distribution in Quantum Complex Networks 7/10



Introduction
Quantum Theory of Degree

Discussion

Quantum Correction

(PQ)i = ε(P̃Q)i + (1 − ε)(PC )i

where:

ε = 1 − 〈
√

D〉2

〈D〉

net. ε

BA 0.130
ER 0.043
WS 0.016
RG 0.040

Inhomogeneous degree
distribution increase ε
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Entropy Bound

The Shannon Entropy of the normalized degree shows how much the degree
distribution is homogeneous.

ε ≤ 1 − eSD

N

ε
Entropy

0

0.2

0.4

0.6

3 4 5 6 7

ST

BA0

6

ER

RG

WS

RR

Degree Distribution in Quantum Complex Networks 9/10



Introduction
Quantum Theory of Degree

Discussion

Recap

◮ Relation of Quantum Walk with Topology
(Degree Distribution)

◮ Separation of Quantum Walk in Classical
Part and Quantum Correction through a
topological parameter

◮ Bound to the Quantum correction

Thanks to:

◮ Jacob Biamonte

◮ Tomi Johnson

◮ Piotr Migdal

◮ Sabre Kais
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