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Fig. 1. The procedure of computing correlators via distilla-
tion method.
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Fig. 4. The cost of time of program's each part to see the ef-
fects of SIMD. I/O labels the time of first step and second
step in Fig. 1, Calc.prepare labels the time of the third step
in Fig. 1, Calc.result labels the time of the fourth step in
Fig. 1, Others labels the time of the fifth step in Fig. 1. Init
labels the time of initialization. SIMD in the picture means
SIMD optimization was adopted and Complex in the pic-
ture means the stdandard library of complex computation
was used. And hyper-threading technology was used for
16 MPI process.
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Fig. 5. The cost of time of program's each part to see the ef-
fects of SIMD. SIMD in the picture means SIMD optimiza-
tion was adopted and Complex in the picture means the
stdandard library of complex computation was used. And
hyper-threading technology was used for 16 MPI process.
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vectors. Legends are the same as Fig. 4.
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Abstract

Lattice quantum chromodynamics (lattice QCD) is a theory based on quantum chromodynamics, which is
widely used in strong interaction related calculations. As a research method that can give accurate and reliable
theoretical results, with the improvement of computer ability, Lattice QCD is playing an increasingly important
role in recent years. Distillation method is an important numerical method to calculate hadron correlation
function in lattice QCD, and can improve the signal-to-noise ratio of calculated physical quantities. Distillation
is a method to approximately compute full propagator via replace the laplacian operator with it's outerproduct
of laplace eigenvectors. In this way, the construction of operators is independent of the inversion of propagator
which is costful. The eigenvector system and perambulator can be used in different physical projects and we
don't need to compute these data repeatedly. It's also convinent for computing disconnected part of correlation
function. However, it also faces to the problem of large amount of data in constructing correlation function
because the difficulty of compuation is proportional to the cubic of the number of eigenvectors, so it is necessary
to further improve its computational efficiency. A program is developed in this work to construct correlation
function of quark bilinear with distillation method, and solved the bottleneck of computing performance by
using MPI(Message Passing Interface, https://www.open-mpi.org), OpenMP(Open Multi-Processing) and
SIMD(Single Instruction Multiple Data) multi-level optimization technology. And this program distribute
timeslices to different MPI processes because the computation of each timeslice is independent. In order to show
the efficiency of our program some tests result are presented. After various tests of the program, it shows that
our design can support large-scale computation. Under the strong scalability test, the parallel computing
efficiency of 512 processes can still achieve about 70%. The ability of calculating correlation function is greatly
improved. The correction of results also has been checked via compute pseudo-scalar correlators of charmonium.
Three different 0~ operators were adopted for variational analysis and there effecitive mass plateau were
compared with the effective mass obtained from the tradional method with point source. The results of
distillation method are consistent with traditional method. After variational analysis, three state is obtained,
which means the variational analysis take effects and the correlation functions obtained from distillation method

is reasonable.
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