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Solving PDEs with Quantum Computing

Problem of interest

Can we use a quantum computer to solve real problems like PDEs or linear systems?
For example the wave equation with Dirichlet boundary conditions
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Implementation of a quantum wave equation solver

Comparison of the results obtained by our quantum solver with a classical finite-
differences solver on a simple use-case.

1077
| | | 1 2.5
09| |=== Classical solver _
- <
— (Quantum solver ©
- = ADbsolute error : 2 E@ o’
=z o1} © g
> 1 15 8 8
E £ g
S 0l 2 2
2 1 1558
E oS
o —0.1f 3
S -0 1 05 =&
Z
o
02| 10"
\ \ \ \ \ \
0 0.2 0.4 0.6 0.8 1

X

With the following resources requirements:

Number of quantum gates needed to execute the wave
equation solver w.r.t the number of discretisation points used
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Variational Quantum Linear Solver (VQLS)

"Direct" algorithms are not suitable for current hardware (too much gates w.r.t noise).

Idea: use a variational algorithm to run on real hardware
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Tools for Quantum Computing

gprof quantum profiler

How to optimise efficiently quantum programs implementation?
No profiler yet, so we created one.

evolve_1d_dirichlet

100.00%
(0.00%)
1x

100.00%
151332

evolve_ld_dirichlet_no_repetition_no_time_adjustment
100.00%
(0.00%)
151332

100.00%
151332 %

simulate_using_trotter
100.00%
(0.00%)
151332 x

100.00%
453996 x

simulate_signed_integer_weighted _hamiltonian
100.00%
(0.00%)
453996 x

65.54% 29.96% 1.06%
605328 x 302664 x 453996 x
oracle2 exp_ZZFt
29.96% 1.06%
(0.00%) (0.00%)
302664 x 453996 x
3.44% 29.96% 1.04%
907992 x 302664 x 1815984 x
oracle_dirichlet2_1d_wave_equation CCPH
29.96% 1.04%
(0.00%) (1.04%)
302664 x 1815984 x
18.76% 6.70% 23.09% / 11.55%
4237296 x 1513320 % 605328 x / 302664 x
A Csub_const
3.44% 23.09% 34.64% 11.55%
(0.00%) 605328 x (0.00%) 302664 x
907992 x 907992 x
compare_const
2.07% 1.37% 25.45% 34.64%
9987912 x 9987912 x (0.00%) 907992 x
5750616 x
toffoli_10 W
2.07% 0.24% 0.75% 1.37% 24.70% 0.21% 0.10%
(0.00%) 1210656 x 126513552 x (0.00%) 5750616 x 6658608 x 3329304 x
9987912 x 9987912 x
0.12% 0.75%
19975824 x 9987912 x
X CH high_bit_compute
1.95% 1.04% 0.75% 0.62% 24.70%
9987912 x (1.04%) (0.75%) 19975824 x (0.00%)
173729136 x 9987912 x 5750616 x
23.73% 0.87% 10.15% 1.59% 57.54%
121670928 x 27845088 x 52058208 | 50847552 % 32687712 %
CCNOT CNOT
36.25% 3.39%
(36.25%) (3.39%)
185835696 x 108656376 x

Qubit mapping

Hardware-aware compiler: takes an abstract quantum circuit and adapt it to the hard-
ware characteristics. Use noise data extracted from calibrations to improve the overall

fidelity.

q0(Qo) @ 76 3 q0(Qo) Qo
q1(Q1) .gl i q1(Q1) ’ ’ X Q2
02(Q2) ——D ngS X @ 0(Q2) —P 1
q3(Qs3) PRI q3(Q3) . (O Q3
14(Q1) —D 01(Qs) —P) Qa

(a) Original circuit
(b) ibmq_valencia

(c) Updated circuit
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