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• Looking for PhD position

• Currently : Working student at TH Deggendorf building a Teaching Data center (Lehrrechenzentrum) 
Master thesis – Lattice Boltzmann method using the Intel Quantum SDK. 

• 2021 - 2023 : Master of Science in High Performance Computing/Quantum Computing , 
Technische Hochschule Deggendorf

• 2020 : Intern, Computer Aided Engineering at Simulation Lab Pvt Ltd, India
Multi-Feature on wing

• 2015 - 2019 : Bachelor’s in Mechanical Engineering , Pune University , India



PRELIMINARY LATTICE BOLTZMANN 
EQUATION USING INTEL QUANTUM SDK
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Objective 
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Solve a simple basic Fluid Dynamics problem using Lattice 
Boltzmann method on the Intel Quantum SDK



Agenda

Lattice Boltzmann equation

Discrete Boltzmann and Dirac equation

Structural similarities

Solving Quantum Lattice Boltzmann Equation

HHL Algorithm

Quantum Walks and Quantum Lattice Boltzmann

Future work

5



• Widely used in range of Complex fluid problems

• Basic quantities are the Discrete velocity distribution functions 𝑓i

• 𝑓i -> calculate density and velocity through moments 

LATTICE BOLTZMANN METHOD
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Boltzmann Equation (force-free)

𝜕𝑓

𝜕𝑡
+ 𝜉𝑖

𝜕𝑓

𝜕𝑥𝑖
= −

𝑓 − 𝑓𝑒𝑞

𝜏



1- Collision Step – post collision distribution function

𝑓α
∗ Ԧ𝑥, 𝑡 = 𝑓𝛼 Ԧ𝑥, 𝑡 −

Δ𝑡

𝜏
(𝑓𝛼 Ԧ𝑥, 𝑡 − 𝑓𝛼

𝑒𝑞
Ԧ𝑥, 𝑡 ) 

2 – Streaming (Propagation) – Post collision function is transferred into post streaming function 

𝑓α
∗ Ԧ𝑥 + Ԧ𝑐𝛼Δ𝑡, 𝑡 + Δ𝑡 = 𝑓α

∗ Ԧ𝑥, 𝑡

DISCRETIZED EQUATION SOLVED IN 2 STEPS
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After the collision  

Probabilities will 
rearrange themselves

After streaming 
the particle  
reaches the next 
node in time Δ𝑡



• Interesting Formal Analogy between fluid and quantum mechanics 

• Exporting assets from the LBE to Quantum world

• Quantum Lattice Boltzmann equation is derived from this analogy

DISCRETE BOLTZMANN AND DIRAC EQUATION
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The Lattice Boltzmann equation is given as -

(𝜕𝑡+ 𝑣𝑖
𝑥 𝜕𝑥 + 𝑣𝑖

𝑦 𝜕𝑦 + 𝑣𝑖
𝑧 𝜕𝑧)𝑓𝑖 = σ𝑗=0

𝑛 Ω𝑖𝑗( 𝑓𝑗 − 𝑓𝑗
0)

The Dirac equation is given as 

(𝜕𝑡+ 𝑐𝛼𝑥 𝜕𝑥 + 𝑐𝛼𝑦 𝜕𝑦 + 𝑐𝛼𝑧 𝜕𝑧)𝜓 = −𝑖 𝑚 𝛽 + 𝑖 𝑔 𝐼 𝜓

• Similarities

1 – Both equations contain first order derivatives in Space and time

2 – 𝑓𝑖 → 𝜓𝑖

3 – Ԧ𝑣𝑖 = (𝑣𝑖
𝑥 , 𝑣𝑖

𝑦
, 𝑣𝑖

𝑧) → 𝛼𝑘 =  (𝛼𝑥 , 𝛼𝑦 , 𝛼𝑧)

4 - Ω𝑖𝑗 → 𝛽

In one dimension – analogy exact 

In multi dimension – operator splitting to be used

STRUCTURAL SIMILARITIES 

9

Where :-
c -> speed of light
ℏ - > reduced planck’s constant 
𝜔𝑐 -> m c2 / ℏ - Compton frequency of particle
m -> mass of particle

g ->  q * V / ℏ - couples the wave function with the 
potential V and q being electric charge
𝜓 = 𝜓( x, t ) - > wave function that describe the 
complex four-dimensional spinor (4-spinor)
𝛼𝑥 , 𝛼𝑦 , 𝛼𝑧 , 𝛽 are the 4 * 4 Hermitian matrices 
and commonly referred as Dirac matrices 



• 𝑋−1 𝛼𝑥 𝑋 = 
1

√2

1 0
0 1

0 1
1 0

0 −1
1 0

1 0
0 −1

0 0
0 0

0 1
1 0

0 1
1 0

0 0
0 0

1

√2

1 0
0 1

0 1
−1 0

0 1
1 0

1 0
0 −1

= 

1 0
0 1

0 0
0 0

0 0
0 0

−1 0
0 −1

= 𝛽

• 𝑋−1 𝛼𝑥 𝑋 = 𝛽

• Therefore , multiplying the one-dimensional equation from left by 𝑋−1 and inserting identity matrix - 𝐼 = 𝑋𝑋−1

𝑋−1 (𝜕𝑡+ 𝛼𝑥 𝜕𝑥)𝑋𝑋−1𝜓 = 𝑋−1 −𝑖 𝑚 𝛽 + 𝑖 𝑔 𝐼 𝑋𝑋−1𝜓

(𝜕𝑡+𝑋−1𝛼𝑥𝑋𝜕𝑥) 𝑋−1𝜓 = 𝑋−1 −𝑖 𝑚 𝛽 + 𝑖 𝑔 𝐼 𝑋 𝑋−1𝜓

(𝝏𝒕+ 𝜷𝝏𝒙) 𝑿
−𝟏𝝍 = 𝑸 𝑿−𝟏𝝍 - > 𝑄 = 

𝑖𝑔 0
0 𝑖𝑔

0 −𝑖𝑚
𝑖𝑚 0

0 𝑖𝑚
−𝑖𝑚 0

𝑖𝑔 0
0 𝑖𝑔

1D QUANTUM LATTICE BOLTZMANN SCHEME
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Q𝛽

The one dimensional Dirac equation can be written as –
(𝜕𝑡+ 𝛼𝑥 𝜕𝑥)𝜓 = −𝑖 𝜔𝑐 𝛽 + 𝑖 𝑔 𝐼 𝜓



(𝝏𝒕+ 𝜷 𝝏𝒙) 𝑿
−𝟏𝝍 = 𝑸 𝑿−𝟏𝝍

To write this matrices and equation in the form of partial differential equations , following is done -

Define rotated wave function - 𝑿−𝟏𝝍 = (𝑢1, 𝑢2, 𝑑1, 𝑑2)
𝑇

u and d  propagating up and down the x-axis and subscripts 1,2 indicate spin states 

Therefore, the partial differential equations we get are as follows : -

𝜕𝑡𝑢1 + 𝜕𝑥 𝑢1 = 𝑖𝑔𝑢1 − 𝑖𝑚𝑑2

𝜕𝑡𝑢2 + 𝜕𝑥 𝑢2 = 𝑖𝑔𝑢2 + 𝑖𝑚𝑑2

𝜕𝑡𝑑1 − 𝜕𝑥 𝑑1 = 𝑖𝑔𝑑1 + 𝑖𝑚𝑢2

𝜕𝑡𝑑2 − 𝜕𝑥 𝑑2 = 𝑖𝑔𝑑2 − 𝑖𝑚𝑢1

1D QUANTUM LATTICE BOLTZMANN SCHEME – CONT’D
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• Few algorithms exist which solve some problems such as 

❖ HHL 

❖ Quantum walks 

❖ Variational Quantum Eigensolver

❖ Hamiltonian Simulation Techniques

SOLVING QUANTUM LATTICE BOLTZMANN EQUATION 
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• Solving the Discretized qLB equation with HHL.

• Discretized equation 

DISCRETIZED 1D-QLB AND MAPPING INTO HHL
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ෞ𝑢1 − 𝑢1 =
1

2
i 𝑔 ෞ𝑢1 + 𝑢1 +

1

2
i 𝑚 𝑑2 + 𝑑2

ෞ𝑢2 − 𝑢2 =
1

2
i 𝑔 ෞ𝑢2 + 𝑢2 +

1

2
i 𝑚 𝑑1 + 𝑑1

𝑑1 − 𝑑1 =
1

2
i 𝑔 𝑑1 + 𝑑1 −

1

2
i 𝑚 ෞ𝑢2 + 𝑢2

𝑑2 − 𝑑2 =
1

2
i 𝑔 𝑑2 + 𝑑2 −

1

2
i 𝑚 ෞ𝑢1 + 𝑢1

• Isotropy of three-dimensional quantum lattice Boltzmann schemes - P. J. Dellar* and D. Lapitski S. ` S. 
Succi

• Quantum Algorithms for Solving Partial Differential Equations Arthur Pesah
• Step-by-Step HHL Algorithm Walkthrough to Enhance the Understanding of Critical Quantum 

Computing Concepts 

HHL algorithms that solves System of Linear equations 
Ax = b   - form 

A – Hermitian matrix 



• Currently, solving a group of linear equation in Intel 
Quantum SDK using HHL algorithm.

• Intel Quantum SDK follow a Kernel based programming 
similar to other hardware accelerator environments

HHL IN INTEL QUANTUM SDK
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• Khalate, P., Wu, X., Premaratne, S., Hogaboam, J., Holmes, A., Schmitz, A., Guerreschi, 
G. G., Zou, X. & Matsuura, A. Y., https://arxiv.org/abs/2202.11142

• https://download.intel.com/newsroom/2022/2022innovation/quantum-sdk-backgrounder.pdf

#include <clang/Quantum/quintrinsics.h>

//your quantum data types
//define qubit registers

quantum_kernel void kernel_1(){
...

}

quantum_kernel void kernel_2(){
...

}

quantum_kernel void kernel_3(){
kernel_1();
kernel_2();

}

int main(){
...
kernel_3();
...
return 0;

}

https://arxiv.org/abs/2202.11142
https://download.intel.com/newsroom/2022/2022innovation/quantum-sdk-backgrounder.pdf


• The discretization techniques of qLBE fall into the category of Quantum Walks

• Transport phenomena problems could be solved

• Evolution operator –

𝝍𝑗+1 = 𝑊 𝝍𝑗

𝑊 = 𝑆 ( መ𝐶 )

So – S – conditional shift operator 

C – Coin operator 

QUANTUM WALKS 
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• Quantum Lattice Boltzmann is a quantum walk - Sauro Succi1* , Fran¸cois Fillion-Gourdeau3 and Silvia Palpacelli2
• Towards quantum lattice-Boltzmann methods - Giuseppe Di Molfetta



• Build Quantum Circuit for the Collision and Streaming of qLBM

• Implement the Quantum Circuit in the Intel Quantum SDK

• Finally, Solve a simple Fluid Dynamics problem using this Circuit.

• Validate the results.

NEXT STEPS



THANK YOU 
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Backup 

• The Dirac matrices are given in terms of  2 * 2 pauli matrices 

𝛼𝑘 = 0 𝜎𝑘

𝜎𝑘 0
𝑎𝑛𝑑 𝛽 =

𝐼 0
0 −𝐼

𝜎𝑘 -> Pauli matrices , k = x, y ,z 

𝜎𝑥 =
0 1
1 0

, 𝜎𝑦 =
0 −𝑖
𝑖 0

, 𝜎𝑧 =
1 0
0 −1

Therefore the dirac matrices can be written as follows –

𝛼𝑥 = 
0 𝜎𝑥

𝜎𝑥 0
= 

0 0
0 0

0 1
1 0

0 1
1 0

0 0
0 0

Similarly we can write the 𝛼𝑦 , 𝛼𝑧 , 𝛽 Dirac Matrices 



Backup slide

moments :-

Density - 𝜌 Ԧ𝑥, 𝑡 = σ𝛼 𝑓𝛼 Ԧ𝑥, 𝑡

Momentum Density − 𝜌 Ԧ𝑥, 𝑡 𝑢 Ԧ𝑥, 𝑡 = σ𝛼 𝑓𝛼 Ԧ𝑥, 𝑡 𝑐𝛼
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