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Optimization problem with cost function C(z) = (z|Hc|z) » Preparation of known ground state of initial Hamiltonian Hinjtial

here z = ...2N, 2z € {—1,1} and H¢ diagonal w.r.t. {|z; , , , , ,
W Z=2122..- 2N, 2 €1 } ¢ C1a6 Uz} > Adiabatic transformation to the problem Hamiltonian Hgpg

> Prepare B
7,6) = Un(8)Uc(3) -+ Un(81)Uc (1) |+)™ () = AL it + B3 Hinal

. R . . _ . .
where 7 = (v1,-..,%), B = (Bi,...,B,) are variational parameters and Functions A(s) and B(s), with s = t/T, and T, annealing time,

determine the annealing scheme and satisty

A(0) >0, A(1)=0, B(0)=0, B(1)>0.

. Up() = e #Ximt,

B|Hc|Y,8) and minimize w.r.t. ¥ and §3. » During the annealing process, the system stays in its ground state

(if T, — 00; adiabatic theorem)

Practical Aspects
> E,(7,8) = Z (2|7, BY|?C(z) can be computed on a simulator;

» Final state gives solution (ground state) of problem Hamiltonian

» Hamiltonian of quantum annealer built by D-Wave Systems Inc.:

H(s) = —A(s) Z oy — B(s) (Z hkoy, + Z Jlk(fifff) :
k k

<k

needs to be sampled on a real chip

Ep(ﬁ;v 5) T Emax
Emin — Emax

> Optimization algorithm used: Nelder-Mead

» Ratior =

is related to approximation ratio

where hg, Jix € [—1, 1] have to be chosen according to the problem
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Test set: 2-SAT problems with unique ground state and highly degenerate first excited state
QAOA on a Simulator and a Real Device
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Fig. 1: QAOA (p = 1) performed on the IBM simulator. Fig. 2: QAOA (p = 1) performed on the IBM Q Experience (IBM Q
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probability for an 18-variable problem instance.
Comparison between QAOA and Quantum Annealing
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