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The Navier Stokes Equations & Qiskit

o Fluid simulations are in general very difficult tasks due to the nonlinearity of Navier-Stokes
equations and complex geometry + boundary conditions

o Numerical solutions can be applied to many areas such as water management
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Computational Fluid S Qiskit

Dynamics (CFD)

o N-SEquations give specifications from
physical laws but no implementations of fluid
simulation
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Finite Element Methods (FEM)

o Theartof CFD isto replace such PDE systems
with a setalgebraic equations by discretization
methods

Directly simulating
particle dynamics

o HHL asaquantum linear solver could offer Lattice Boltzmann Methods (LBM)

potential exponential speedup, but not easily CE i
accessible in NISQ devices Fsk] Y A
'.‘ ST ° \ A e
“ L3 ° : s | - ..4 :
.’,o S A 3 ﬁﬂ\ y
P s LY SOR e 2 ;‘mr(lliclcs p(')\ilinn ‘ distribution fur;g.'lions & 0&“)'?]’[&3““ B
i ""-. ’ a ﬁ\ Q @ 0 9 a @x .- ‘\n. mnmgnluzn 0 o3 : - s .
oy, M A e : microscopic mesoscopic macroscopic
’ scale scale scale

IBM Quantum / © 2021 IBM Corporation



Traditional CFD
Methods and the
Navier-Stokes
Equation

FDM
FVM
FEM
LBM

Sep. 2021
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Literaturereview for
existing quantum

solutions
HHL
VOLS
QLBM*
OML

Sep.-Oct. 2021

Develop necessary
platform with Qiskit

Feature Maps
Gradient Calculator
Loss functions

Boundary
Conditions*

Benchmark*

Oct.-Dec. 2021

Experimentsand
Summary

Demos
Simulations

Run on backends™
Noise models
Barren Plateau™

Summary Report

Nov.-Dec. 2021



Quantum Machine
Learning Approach

o Key idea is to use the spectral methods to solve PDE
systems like a polynomial fitting

o Encode differentiable trial function (a basis set) in
quantum feature maps

o Evolve state using parameterized variational ansatz

o Apply cost function: expectation value of some
Hermitian operator on the state

o Apply lost function to compare trial superposed
quantum state to desired result

o Use classical optimizer to tune variational
parameters, which correlates the coefficients in the
polynomial fitting
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_input_: o

_initialize_DQC_struct_: o

O choose varational o©
ansatz Ug

e hardware efficient
e alternating blocks

_optimize_DQC_: o

o

du /dx=hiuz+ 2l
duz /dx=—h2uz2— A h

differential equations

boundary conditions wl(0) =uro, w2A0)=uz0
choose feature map U
e product map

¢ Chebyshev map

® Chebyshev tower map
¢ evolution-enhanced map

C choose loss function ©

s MSE
* MAE
¢ Kullback-Leibner
e Jensen—Shannon

choose cost function

e qubit magnetization
* [otal magnelization
® t-|sing Hamiltonian
® many-body Hamiltonian

sel grid X= {xi}, O sel exit condition o
o set regularization
for nj =TiNyer:
¢ for xiinX:
O evaluate function circuits

f{x) dffd)(lx inXx

O evaluate loss function derivative

# ifNOT (exit condition):

O update angles © using classical optimizer

fix)
7
N

else: evaluate function and plot solution

choose boundary
handling

® pinned
e floating
s optimized

set angles 0

O evaluate derivative circuits



Challenges

Dimensionality
Data Encoding

Benchmarks

Dimensionality

Mostly 1D problems
are considered inthe
current literature.

Data Encoding

What's the difference
of using different
quantum feature maps
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Benchmarks

Canwe get a little bit
closer to modern CFD
solvers?

Can we do better? as basis functions?

Noise models?

convergent-divergent nozzle

subsonic supersonic
flow flow

Kyriienko, O., Paine, A. E., & Elfving, V. E. (2021). Solving nonlinear differential equations with differentiable quantum
circuits. Physical Review A, 103(5), 052416. 6
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Expected
Deliverables

By Dec. 2021

A Novel Quantum Algorithm for
Protein-Folding: Paving the Way
Toward Resolving One of the
Biggest Mysteries in Biology
With Quantum Computers
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Baseline

QiskitCode
Demo Problem
Solution in Jupyter Notebooks

Summary Report
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TBD

o Medium Blog Post
o Research Paper (?)

o Other Applications



