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Optimization problem with cost function C(2) = (z|Hc|z) » Preparation of known ground state of initial Hamiltonian Hinitial

where 2z = z129...2n, 2; € {—1,1} and H diagonal w.r.t. {|z; , , , , .
12 N { J ¢ 5 Uz} > Adiabatic transformation to the problem Hamiltonian Hgp

> Prepare 3
7.8) = Un(8,)Uc(3) -+ Un(B1)Ue (1) |+ H() = Al Hinisar + B3) Hinat

B S . . _ . .
where 7 = (Y1,-..,7), 8= (B1,...,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.

UB(ﬁ) — 6_7;5 er\rzl U;B.

> Compute Fi (7, (7, B|Hc|7, B) and minimize w.r.t. 4 and 3. » During the annealing process, the system stays in its ground state

(if T, — oo; adiabatic theorem)

Practical Aspects
> F,(7, 6 Z\ 2|5, B | 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.:

s) Z oL — (Z hior + Z JikoR07; ) ,

<k

needs to be Sampled on a real chip

Ep(ﬁ/’v ﬁ) o Emax
Emin _ Emax

> Optimization algorithm used: Nelder-Mead

» Ratior =

is related to approximation ratio

where hg, Jip € |[—1, 1] have to be chosen according to the problem
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Results and Conclusions arXiv:1907.02359, 2019
Test set: 2-SAT problems with unique ground state and highly degenerate first excited state

QAOQOA 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
(a) Success probability (b) expectation value F1(~,53). 16 Melbourne). (a) Success probability (b) expectation value Ei(7,5).
(a) - QAOA on JUQCS*: Optimizing the Success Probability or the Expectation Value
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_ 1 T —4 T QAOA Optimization w.r.t. (init) > Initialization of variational parameters can be crucial
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Evaluation Evaluation Tab 1: Expectation value E and — positions of the optima (energy/probability) may
Fig. 3: (a) Success probability and (b) energy success probability P before and not be aligned  Jiich Univerca
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probability for an 18-variable problem instance.
Comparison between QAOA and Quantum Annealing

Simulator
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0 — for QAOA more stable than for QA
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Fig. 3: Success probabilities for QAOA (JUQCS) Fig. 4: Ratio r for QAOA (JUQCS) and , . . sl
and quantum annealing (DW_2000Q_2_1 chip). quantum annealing (DW_2000Q_2_1 chip). — Increase from p = 1 10 p = o 1s larger
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