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PyQUDA
What can we do?

• A Python wrapper for QUDA 

• https://github.com/CLQCD/PyQUDA 

• Wilson/clover/HISQ fermion propagator 

• Clover/HISQ RHMC (without stout smearing in the action) 

• Distillation (Laplacian eigensystem, perambulator) 

• APE/stout/HYP gauge smearing, Gaussian quark smearing 

• Wilson/Symanzik flow 

• Gauge fixing (WIP)
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https://github.com/CLQCD/PyQUDA


Hardware and software

• 1x AMD EPYC 7532 32-Core Processor 

• 8x 16GB DDR4 2133MHz memory (~8x 17 GB/s) 

• 4x NVIDIA Tesla P100 PCIe 16GB (~4x 700 GB/s) 

• Debian GNU/Linux 12 (bookworm) with Linux kernel 6.1 

• GCC 11.3.0, Clang/LLVM 14.0.6, CUDA toolkit 11.8, CUDA runtime 12.2 

• Latest QMP, QDP-JIT, QUDA, Chroma and MILC 

• All GPUs are running PCIe 3.0 x16 (~4x 16 GB/s)
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Wilson flow scaling
Compare with Chroma+QDP-JIT

•  

• Take field energy , we have some scaling parameters 

•  

•

d
dt

Vt(x, μ) = − g2
0

∂Sg(Vt)
∂Vt(x, μ)

Vt(x, μ), Vt(x, μ) |t=0 = Uμ(x)

E = ℰ2 + ℬ2

t2⟨E⟩ |t=t0
= 0.3

t
d
dt (t2⟨E⟩) |t=w2

0
= 0.3
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• 24^3x72, 1/4 GPUs 

• 0.01 flow time per step 

• PyQUDA gives 6~11x 
performance 

• Has been used on scale setting 
for CLQCD ensembles

Wilson flow scaling
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Gauge fixing (WIP)
Compare with Chroma+QDP-JIT

• A rotation  implies a gauge transform  

• Coulomb/Landau gauge  

• Archived by minimizing the functional 
 

• Implemented by over-relaxation algorithm

g(x) U′￼μ(x) = g(x)Uμ(x)g†(x + ̂μ)

∑
μ

∂μAμ(x) = 0

F(U) = − ∑
x,μ

ReTr [g(x)Uμ(x)g†(x + ̂μ)]
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• 24^3x72, 1/4 GPUs 

• Landau gauge, tolerance is 1e-8 

• Use difference of functional 
(delta) as the criterion 

• PyQUDA gives 6~9x 
performance

Gauge fixing (WIP)
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Distance preconditioning
And restart solver

• For heavy quark, propagator at  have amplitude  

• , causes an extra coefficient in the hopping 

term, take  

•  

•

t =
T
2

e−m T
2 < 2 × 10−16

ℳx = b ⇒ α−1(t)ℳα(t)x′￼ = b′￼

α(t) = cosh [m0 (t −
T
2 )]

ℳ′￼xy = ∑
μ

(1 − γμ)
α(x0)
α(y0)

Uμ(x)δx+ ̂μ,y + (1 + γμ)
α(x0)
α(y0)

Uμ(x − ̂μ)(x − ̂μ)δx− ̂μ,y

ℳx = b = ℳx′￼+ r ⇒ x = x′￼+ ℳ−1r
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• They all uses more iterations to 
solve the precise propagator 

• Have been used to generate 
charm and bottom quark 
propagator for CLQCD 
ensembles

Distance preconditioning
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And restart solver



Laplacian eigensystem

• (−∇2) ⃗x, ⃗y
= (−

3

∑
i=1

∇2
i )

⃗x, ⃗y

= 6δ ⃗x, ⃗y −
3

∑
i=1

[Ui( ⃗x, t)δ ⃗x+ ̂i, ⃗y + U†
i ( ⃗x − ̂i, t)δ ⃗x− ̂i, ⃗y]
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chroma, 4d

chroma, 3d

laplace_eigs
primme pyquda

quda

scipy.sparse.linalg.eigsh



• Use  
cupyx.scipy.sparse.linal
g.eigsh to solve the Laplacian 
eigensystem 

• Has been used to generate 
eigenvalues for distillation 
method by IHEP

Laplacian eigensystem
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RHMC with HISQ
Compare with MILC

• , and  after applying the even-odd 

preconditioning 

•  

• We can apply mass precondition 
 

• All rational approximation parameters are calculated based on 

ℳi = (2mi Deo

Doe 2mi) Mi = 4m2
i − DeoDoe

Sf = ∑
i

ψ̄ (4m2
i − DeoDoe)−

Nf
4 ψ = ∑

i

ψ̄ (4m2
i − DeoD†

eo)−
Nf
4 ψ = ∑

i

ψ̄M−
Nf
4

i ψ

det M
2
4
l = det M

2
4
l det M− 1

4
s det M

1
4
s = det (M

2
4
l M− 1

4
s ) det M

1
4
s

−DeoDoe
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RHMC with HISQ
Compare with MILC

• Following https://github.com/lattice/quda/wiki/MILC-with-QUDA to compile 
MILC with QUDA 

• Symanzik tree-level improved gauge action 

• HISQ fermion action 

•  

• 5 pseudo fermions 

• MILC 3G1F integrator, 24 steps with 0.02 evolution time per step

Nf = 2 + 1 + 1, mu/d = 0.0012, ms = 0.0323, mc = 0.432, ϵc = − 0.116203
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https://github.com/lattice/quda/wiki/MILC-with-QUDA
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• MILC uses 44~45 secs to 
perform one trajectory

RHMC with HISQ

15



• PyQUDA uses 32~33 secs to 
perform one trajectory

RHMC with HISQ
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• PyQUDA allocate more fields on 
the GPU memory 

• computeKSLinkQuda and 
updateGaugeFieldQuda 
benefits most from less/faster 
data transfer between host and 
device 

• Will be used to generate some 
HISQ ensembles in the future

RHMC with HISQ

PyQUDA

MILC
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16^3x32, 1 GPU, from free gauge

32^3x64, 4 GPUs, from free gauge
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Pion distribution amplitude
An example

•  

• The Wilson link  

• Implemented by multiple  

•

C2(z, ⃗p, t) = ∑⃗
y

e−i ⃗p⋅ ⃗yTr [γ5S†( ⃗y, t; 0,0)γ5γ4γ5L( ⃗y, t; ⃗y + z ̂z, t)S( ⃗y + z ̂z, t; 0,0)γ5]

L( ⃗y, t; ⃗y + z ̂z, t) = Uz( ⃗y)Uz( ⃗y + ̂z)Uz( ⃗y + 2 ̂z)⋯Uz( ⃗y + (z − 1) ̂z)

ψ′￼(x) = Uμ(x)ψ(x + ̂μ)

C2(z, ⃗p, t) = ∑⃗
y

e−i ⃗p⋅ ⃗yTr [γ5S†( ⃗y, t; 0,0)γ5γ4γ5S(z)( ⃗y, t; 0,0)γ5]
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• Get fermion matrix for inversion 

• Get gauge from file, and apply 
APE and stout smearing to it 

• Get momentum phase 

• Prepare gauge for momentum 
smearing

Pion distribution amplitude
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• Get point source and then apply 
gaussian smearing to get the 
shell source 

• Get the quark propagator 

• Contract and shift the 
propagator for some times

Pion distribution amplitude
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Summary and outlook

• PyQUDA and some derived projects have been used in recent works 

• Thanks to all developers and users 

• Better gauge/quark field shift and matrix product operation 

• Fermion force for stout smeared fermion action 

• Should speedup HMC/RHMC with clover action 

• Framework for C/C++/CUDA plugins 

• Should speedup special contractions like baryon
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Thanks for your 
attention!
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