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A graph invariant is some function f such that for graphs I'y and I's

=1y = f(Fl) — f(rg)
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Pictorial representation of two isomorphic graphs

This research focuses on the Lovdsz Theta number, an invariant that
bounds the NP-hard to compute chromatic and cligue numbers.

a(G) <I(G) < x(G)

To think about a quantum graph, it is helpful to first consider the
matricial system associated to a graph:
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Example of matrix system associated to a graph

Generalizing these matricial systems, a quantum graph (also called a
non-commutative graph) is any matricial system that is closed under

Research Question
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For an arbitrary quantum graph S, does Indcp(M,, : §) = HS)?

Define E;; to be the matrix whose ¢, j-th entry is 1 and whose other
entries are 0. Alinear map ¢ is fully defined by the values of ¢(E;;),
which can be summarized in a Chol matrix:

Z (i) ® Eyj.
1)

Theorem (Choi): ¢ is completely positive if and only if its Choi matrix
s positive semidefinite.
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Defining T4 = (span{A})+, the following are true:
IndCP<Mn : 7}—]) — 27
19(7?]_]> — M.

Thus the two Quantum Lovasz Theta numbers do not agree in
general.

Il’ldcp(Mn : 7?4) — 2,
Indcp(Mn ) 7?:{) — N,
Indcp(T4 : CI) =n,

Given two matrix systems of graphs I'y, I'y of size n x n, define the
“unitary perturbation” by a unitary matrix U from the Haar distribu-
tion by I'yol'y; = USr,U* + Sr,. Hypothesis:

Indep(M,, : T'1ol'y) < min{Indcp(M,, : Sr,), Indcp(M, : Sr,)}.

One may go a step further in this direction and compute the av-
erage inequality over a number of unitary matrices from such Haar
distribution as and make the following conjecture:
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E[IHdCP(Mn . FlO'FQ)] — E[ﬁ(FlaFg)],

where the the expected value is over the aforementioned set of
unitary matrices.
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