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Goal: Prepare the ground—state of the 2" x 2™ Ising Hamiltonian

C = Zcmz+ > Ci;ZZ;.

1<i<j<n
Or equivalently, minimize, (q\C]q) s.t. ¢ € {0,1}"

Applications in computer vision

e Maxcut for image segmentation[1]

e Ising for shape matching[2], point sets registration[3], etc...
Challenges

e Combinatorial problem

e Hard to solve with conventional computers

Method[4]: Tackle the problem on a universal quantum device

Embed C into the 214n  2l4n unitary and Hermetian operator

U [$(C)  s(O] (¢l © K e R such that € € [£, 72"
[COS(C) — sin(C) o i SHER TR 53]

Implement U using the following circuit:
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Then: minimize, (¢|Clq) < minimize, (0, ¢|U|0, q).
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Optimization workflow
In an hybrid variational quantum circuit regime,
minimize

nimize  £(0), £(0) = (0,4(6)|U[0,1(6)).

Evaluate the function on a quantum machine and optimize classically:

ANCILLA QUBIT [0),

COST QUBIT  [0),

J

CLASSICAL OPTIMIZER
@ Gradient method:
Parameter Shift, SPSA, ...
Optimization step:
Vanilla, ADAM, COBYLA, ...
Update:
0 « Bew) .= glrew) (1))

PROPOSED ALGORITHM
Input: Graph G = (S,&,C)
Initialize: Parameter vector © ¢ R™

Repeat: (1) Prepare |¢(0))
. /\c\ and perform U |0, (0))
\ e o [\ e 2 Measure (U)
and update © + ©"°¥)((U))

@ /(‘ \ yu
[¥), = R,(0") H
\CN . / And finally:
@ Sample [1(6%))

and output the most frequent basis-state ¢*

U(C, K)
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