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Introduction

• Lattice QCD calculation are 
mainly about gauge 
configuration and quark 
propagator. 

• Numerically solving 
 and  

take more than 95% time in 
lattice QCD calculation. 

• Small lattice spacing and light 
quark mass make the solver 
more difficult to converge.

ℳx = b ℳ†ℳx = b

Lattice QCD calculation
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Introduction

• There are more and more 
heterogeneous super 
computers. 

• QUDA provides good 
performance on NVIDIA’s 
and AMD's device. 

• We developed QSUNWAY 
on Sunway architecture. 

• We are developing a 
software on Sugon’s device 
with IMP, CAS. 

Heterogeneous computing
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• Pros 

• Legacy code 

• Correctness 

• Various features 

• External solvers for 
different architecture 

• QPhiX, QUDA, 
MG_proto…

Existing solution
Chroma + QDP-JIT + QUDA

• Cons 

• QDPXX is not suitable for 
GPU 

• Overhead on small cases 

• XML input files 

• Lack of documentation 

• Lots of repeat parts 

• Not easy to write extensions
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Existing solution
C++ + QUDA

• Pros 

• Active development 
with support from 
NVIDIA 

• High performance 

• Multiple backends 
including CUDA, ROCm 
and OneAPI

• Cons 

• Lack of feature 

• Buggy 

• Enormous parameters 

• Lack of documentation 

• Even more difficult to write 
extensions
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• Python is one of the most popular programming language in the 
world. 

• There are bunch of high quality numerical libraries in Python, which 
are easy to learn and use. 

• The gate of AI.

LQCD with Python
Why Python?
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• High performance numerical library: NumPy and SciPy. 

• Linear algebra, eigen solver, FFT, interpolation, statistics, … 

• NumPy/SciPy on GPU: CuPy and PyTorch. 

• Example: einsum on GPU for distillation method. 

• Now we are blocked by I/O on HDD… 

• Data analysis and visualization library: gvar, lsqfit and Matplotlib. 

• Used by IHEP and ITP. 

• More: Pandas, Plotly, PyTorch, …

LQCD with Python
What we use now
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• Introducing PyQuda: https://github.com/CLQCD/PyQuda 

• Use Cython to wrap QUDA C interface. 

• C++ wrapper will be much more complicate 

• Use NumPy/SciPy/CuPy/PyTorch to implement aux 
functions. 

• Anti periodic t, anisotropy, … 

• Use mpi4py to use multiple  
GPUs

QUDA with Python
Framework
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QUDA with Python
Quark propagator

Isotropic Anisotropic

Wilson ⭕ ⭕

Clover ⭕ ⭕

Twisted mass ❓ ❓

Twisted clover ❓ ❓

Staggered ❓ ❌

ASQTAD/HISQ ⭕ ❌

Domain wall ❌ ❌

Mobius ❌ ❌
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import os 
  
from pyquda import core, mpi, field 
from pyquda.field import Nc, Ns 
from pyquda.utils import gauge_utils 
  
field.CUDA_BACKEND = "torch" 
  
os.environ["QUDA_RESOURCE_PATH"] = ".cache" 
mpi.init([1, 1, 1, 2]) 
  
latt_size = [4, 4, 4, 8] 
Lx, Ly, Lz, Lt = latt_size 
Vol = Lx * Ly * Lz * Lt 
  
xi_0, nu = 2.464, 0.95 
kappa = 0.115 
coeff = 1.17 
coeff_r, coeff_t = 0.91, 1.07 
  
mass = 1 / (2 * kappa) - 4 

QUDA with Python
Quark propagator

dslash = core.getDslash( 
    latt_size, 
    mass, 
    1e-9, 
    1000, 
    xi_0, 
    nu, 
    coeff_t, 
    coeff_r, 
    multigrid=[[4, 4, 4, 4], [4, 4, 4, 4]], 
) 
gauge = 
gauge_utils.readQIO("weak_field.lime") 
dslash.loadGauge(gauge) 
  
propagator = core.invert( 
    dslash, 
    “gaussian", 
    [0, 0, 0, 0], 
    None, 
    2.0, 
    5, 
) 
pion = torch.einsum("etzyxijab,etzyxijab->t", 
propagator.data.conj(), propagator.data) 
  
dslash.destroy()
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QUDA with Python
Gauge configuration

Isotropic Anisotropic

Pure gauge ⭕ ❌

Clover 2-flavor without stout 
smearing ❌

Twisted clover ❓ ❌

Staggered ❓ ❌

HISQ ❓ ❌
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QUDA with Python
Gauge configuration

import os 
import numpy as np 
import cupy as cp 
  
import pyquda 
from pyquda import core, field 
from pyquda.hmc import HMC 
from pyquda.field import Nc, Ns 
  
os.environ["QUDA_RESOURCE_PATH"] = 
".cache" 
pyquda.init() 
  
latt_size = [16, 16, 16, 16] 
Lx, Ly, Lz, Lt = latt_size 
Vol = Lx * Ly * Lz * Lt 
  
mass = 4 
kappa = 1 / (2 * (mass + 4)) 
csw = 1.0 
hmc = HMC(latt_size, mass, 1e-9, 
1000, csw, True) 

gauge = 
field.LatticeGauge(latt_size, None) 
hmc.loadGauge(gauge) 
hmc.loadMom(gauge)

t = 1.0 
dt = 0.1 
steps = round(t / dt) 
dt = t / steps 
warm = 20 
for i in range(100): 
    hmc.gaussMom(i) 
  
    cp.random.seed(i) 
    phi = 2 * cp.pi * 
cp.random.random((2, Lt, Lz, Ly, 
Lx // 2, Ns, Nc)) 
    r = cp.random.random((2, Lt, Lz, 
Ly, Lx // 2, Ns, Nc)) 
    noise = 
core.LatticeFermion(latt_size, 
cp.sqrt(-cp.log(r)) * (cp.cos(phi) + 
1j * cp.sin(phi))) 
  
    hmc.initNoise(noise, i) 
  
    kinetic = hmc.actionMom() 
    potential = hmc.actionGauge(path, 
lengths, coeffs, num_paths, 
max_length) 
    potential += 
hmc.actionFermion(noise) 
    energy = kinetic + potential

    for step in range(steps): 
        hmc.updateGaugeField(0.5 * dt) 
        hmc.computeGaugeForce(1.0 * 
dt, force, flengths, fcoeffs, 
num_fpaths, max_length - 1) 
        hmc.computeCloverForce(1.0 * 
dt, noise, -(kappa**2), -kappa * csw / 
8) 
        hmc.updateGaugeField(0.5 * dt) 
  
    hmc.reunitGaugeField(1e-15) 
  
    kinetic1 = hmc.actionMom() 
    potential1 = hmc.actionGauge(path, 
lengths, coeffs, num_paths, 
max_length) 
    potential1 += 
hmc.actionFermion(noise) 
    energy1 = kinetic1 + potential1 
  
    accept = np.random.rand() < 
np.exp(energy - energy1) 
    if warm > 0: 
        warm -= 1 
    if accept or warm: 
        hmc.saveGauge(gauge) 
    else: 
        hmc.loadGauge(gauge)
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QUDA with Python
Others

Isotropic Anisotropic

Gauge fixing ⭕ ❌

Gauge smearing ⭕ ❌

Distance precondition 
(Heavy quark) ⭕ ⭕

QIO/MILC gauge input ⭕ ❌
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• Introducing EasyDistillation: https://github.com/IHEP-
LQCD/EasyDistillation. (Pre alpha)

Distillation with Python
Framework

Gauge 
configuration

Eigenvector Perambulator

Elemental

Correlation 
function

Laplacian
Eigen solver

Tensor contraction

Quark propagator

Tensor contraction

Covariant operator
Tensor contraction
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• Use einsum to perform most tensor contraction. 

• Use NumPy/SciPy/CuPy functions to perform Laplacian, 
eigen solver and covariant operator. 

• Use PyQuda to calculate quark propagator. 

• Use SymPy to construct meson correlation functions. 

• Mesons can be constructed by linear combination of 
derivatives and gamma matrices. 

• Use feynman to draw quark schematic diagram.

Distillation with Python
Framework
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Distillation with 
Python

• Using adjacency matrix 
to represent a quark 
contraction path. 
C. Shi, et al., in preparation. 

•

Example
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Distillation with Python
Example
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Distillation with Python
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• We can solve Clover and HISQ propagators in Python. 

• We can auto construct and compute meson correlation functions 
using distillation method in Python. 

• Preliminary Clover HMC support. 

• We need more features in QUDA. 

• RHMC, STOUT smeared force, Hasenbusch term, … 

• We need more features in EasyDistillation. 

• Baryon correlation function. 

• We are planning to support Sugon’s DCU with PyQuda.

Summary and outlook
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Thank you 
for your attention!
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