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GBS01 Photonic Quantum Model



• Gaussian states are a type of quantum 
states

• They can be described by a covariance Σ 
matrix and a vector of means.

• In GBS, Gaussian states are measured using 
photon-number-resolving detectors.

• Probability of observing S = (s1,…,sm) is 

• where K and σQ is a 2m x 2m symmetric 
matrix depending on Σ

Gaussian Boson Sampling 
Summary

• The Hafnian is defined as

• where PMP is the set of perfect matching 
permutations.



Gaussian Boson Sampling
Dense subgraph identification

• If A is adjacency matrix of unweighted 
graph G, then Haf(A) is number of perfect 
matchings NPM(G).

• Average density defined as :

davg(G) = 2                    /|S|(|S|-1)

• If W is weighted adjacency matrix, Haf(A) 
correlates with Average Density.



Feature Selection02 First Application



Feature Selection
GBS application

• Feature selection is a combinatorial optimization problem.

• We map database into graph G by considering the entire feature set as the vertex set and using 
inter-feature mutual information to compute edge weights.

• Mutual Information : how much information can be extracted through the knowledge of the 
other. Low values indicate mutual independence.

• Higher density subgraphs correspond to less redundant features.



Results
Benchmarking on multiple dataset



Results
Win-Draw-Loss



Graph Coloring03 Second Application



Problem

• Coloring graph nodes such that no two adjacent nodes have same color

Solution

• Find totally disconnected subgraphs of maximum cardinality (MIS) 

• Each subgraph can be assigned to a color

Strategy

• Select number of colors K inferior to graph size

• Construct augmented K graph

• Calculate complement of augmented graph    

• Find clique in complement graph                          

• If clique size not equal to graph size, repeat with K+1 colors

Graph coloring
Problem and Solution

GBS



Smart Charging
Introducing use case

• Overlapping Intervals for charging EVs to one terminal

Two EV are compatible : 

• if their Charging Intervals (IC) do not overlap

• if they belong to different groups

• Conflict graph representation: G(V,E)

A vertex for each EV

An edge between two vertices

• if two IC overlap

• if two EV belong to the same group



Win Draw Loss 
GBSC vs. DSatur

No. Stations Win Draw Loss

4 0 23 0

8 0 24 0

12 1 20 0

16 3 18 0

24 4 10 5

32 2 16 2

Total 10 111 7



Win 
Sample 12 nodes

GBSC DSat

N. Colors : 4 N. Colors : 5



Draw 
Sample 16 nodes

GBSC DSat

N. Colors : 4 N. Colors : 4



Loss 
Sample 24 nodes

GBSC DSat

N. Colors : 7 N. Colors : 6



Thank you
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