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PYSCF + QWALK + CYCLOPS

Wagner 
Quantum Monte Carlo

module 

Berkelbach 
Periodic coupled cluster

module 

Chan 
Periodic HartreeFock and

hybrid DFT module 

Solomonik 
Sparse tensor contraction 

Trial functions
Comparison between  
high accuracy methods  

Fast evaluation of  

coupled cluster tensors

Fast evaluation of  

exchange tensors

Fast evaluation of  

sparse Jastrow and  

determinant sums 
PySCF

ecosystem

Distributed density 

fitting 

Aim: bring high-accuracy methods to state of practice for materi-
als and condensed phase chemistry by equipping PySCF with robust
periodic mean-field and wave-function methods, leveraging reduced-
scaling approximations, and innovating in tensor abstractions.

INTEROPERATION OF METHODS
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PySCF extended to support QMC methods

PARALLEL TENSOR ABSTRACTIONS

AUTOMATIC EINSUM DIFFERENTIATION
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New Python tensor autodifferentiation and optimization library (ad).

SYMMETRY BY AUTOMATIC IRREP ALIGNMENT

New cost-efficient algorithm to handle tensor contractions with group symmetry via large
dense tensor contractions exposes parallelism to tensor libraries.
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Cores of KNL (threads or MPI processes)

Contraction with 25 k-points and 8 Molecular Orbitals

Manual Block-by-Block Contraction with NumPy
Irrep-Aligned with Cyclops (Threaded/OpenMP)

Irrep-Aligned with Cyclops (Distributed/MPI)

TENSOR DECOMPOSITION FOR POST-HF
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New parallel Gauss-Newton methods for CP tensor decomposition for tensor hypercontrac-
tion factorization to enable reduced-scaling post-Hartree-Fock methods.

SPARSE PARALLEL LOCAL COUPLED CLUSTER
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Weak scaling of PySCF CCSD using Cyclops
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Parallel sparse tensor contractions via Cyclops for localized coupled cluster methods.
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