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Fig. 1. Flowchart of BSTATE package.
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Fig. 2. GaAs compound with zinc blende structure.
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Fig. 3. Calculated density of states (DOS): (a); (b); (¢); (d).
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Fig. 5. Analysis via TAU performance system framework for BSTATE.
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Abstract

The development of first principle methods can represent the summit of the sciences in the material
computing and molecular modeling, and the corresponding first principle software packages are closely related
with the accumulation of theories and algorithms in this field. In this paper, we reported our recent progress in
refactoring the first principle package BSTATE. The key points in the reconstruction are lowering the doorsill,
extending the scope of application, as well as adjusting package to the popular computer hardware. And as
such, we updated the Makefile system to the new CMake system, in which the GUI can be used and many math
libraries can be configured automatically; we added the support for the Libxc library, in which a large quantity
of density functionals are included; we updated the interface for supporting GPU, in order to support the
heterogeneous computing system. After refactoring, the Makefile system of BSTATE can supply both the
Makefile and CMake system, and the Fourier transform libraries such as FFTW2, FFTW3, and Cufftw, the
math libraries such as Intel MKL library, Openblas, and the density functional library such as Libxc, can be
automatically or manually assigned. The integration of FFTW3 can slightly prompt the calculating efficiency in
Intel’s many integrated core (MIC) architecture, and the integration of Cufftw can supply the initial support for
the graphics processing unit (GPU) architecture, respectively. The usage of Libxc library makes the BSTATE
package has the capacity to use hundreds density functionals, and the usages of various functionals were
demonstrated by calculating the density of states of GaAs compound. Beyond the integration of various
libraries, the parallel performance of BSTATE was also investigated. It can be found that the Fourier
transformation and the solving for the eigenvalue equations are the major contributions. Using the tuning and
analysis utilities (TAU) tool, we found that the tasks can be well distributed in modern HPC clusters. It
implied that the refactoring didn’t affect the parallel efficiency of original BSTATE package. In a following
benchmark test of graphene fragments, one can found that the refactored BSTATE package showed the best
performance, its FFTW3 & Libxc version owns about 0-17% acceleration comparing to that of FFTW2 version.

Keywords: first principle computational software, density-functional theory, Beijing Simulation Tool for

Atom TEchnology, Software refactoring
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* Project supported by the National Key Research and Development Project of China (Grant No. 2017YFB0202202), the
Informationization Program of the Chinese Academy of Science, China (Grant No. XXH13506-403), and the National Science
Foundation of China (Grant No. 21703260).

1 Corresponding author. E-mail: helh@sccas.cn

043101-8


http://dx.doi.org/10.1063/1.2204597
http://dx.doi.org/10.1063/1.2204597
http://dx.doi.org/10.1063/1.2204597
http://dx.doi.org/10.1063/1.2204597
http://dx.doi.org/10.1063/1.2204597
http://dx.doi.org/10.1088/1742-6596/396/5/052021
http://dx.doi.org/10.1088/1742-6596/396/5/052021
http://dx.doi.org/10.1088/1742-6596/396/5/052021
http://dx.doi.org/10.1088/1742-6596/396/5/052021
http://dx.doi.org/10.1088/1742-6596/396/5/052021
http://dx.doi.org/10.1109/JPROC.2004.840301
http://dx.doi.org/10.1109/JPROC.2004.840301
http://dx.doi.org/10.1109/JPROC.2004.840301
http://dx.doi.org/10.1109/JPROC.2004.840301
http://dx.doi.org/10.1109/JPROC.2004.840301
http://dx.doi.org/10.1103/PhysRevA.52.2750
http://dx.doi.org/10.1103/PhysRevA.52.2750
http://dx.doi.org/10.1103/PhysRevA.52.2750
http://dx.doi.org/10.1103/PhysRevA.52.2750
http://dx.doi.org/10.1016/0009-2614(73)80469-5
http://dx.doi.org/10.1016/0009-2614(73)80469-5
http://dx.doi.org/10.1016/0009-2614(73)80469-5
http://dx.doi.org/10.1016/0009-2614(73)80469-5
http://dx.doi.org/10.1016/0009-2614(73)80469-5
http://dx.doi.org/10.1063/1.2204597
http://dx.doi.org/10.1063/1.2204597
http://dx.doi.org/10.1063/1.2204597
http://dx.doi.org/10.1063/1.2204597
http://dx.doi.org/10.1063/1.2204597
http://dx.doi.org/10.1088/1742-6596/396/5/052021
http://dx.doi.org/10.1088/1742-6596/396/5/052021
http://dx.doi.org/10.1088/1742-6596/396/5/052021
http://dx.doi.org/10.1088/1742-6596/396/5/052021
http://dx.doi.org/10.1088/1742-6596/396/5/052021
http://dx.doi.org/10.1109/JPROC.2004.840301
http://dx.doi.org/10.1109/JPROC.2004.840301
http://dx.doi.org/10.1109/JPROC.2004.840301
http://dx.doi.org/10.1109/JPROC.2004.840301
http://dx.doi.org/10.1109/JPROC.2004.840301
http://dx.doi.org/10.1103/PhysRevA.52.2750
http://dx.doi.org/10.1103/PhysRevA.52.2750
http://dx.doi.org/10.1103/PhysRevA.52.2750
http://dx.doi.org/10.1103/PhysRevA.52.2750
http://dx.doi.org/10.1016/0009-2614(73)80469-5
http://dx.doi.org/10.1016/0009-2614(73)80469-5
http://dx.doi.org/10.1016/0009-2614(73)80469-5
http://dx.doi.org/10.1016/0009-2614(73)80469-5
http://dx.doi.org/10.1016/0009-2614(73)80469-5
http://dx.doi.org/10.1063/1.2204597
http://dx.doi.org/10.1063/1.2204597
http://dx.doi.org/10.1063/1.2204597
http://dx.doi.org/10.1063/1.2204597
http://dx.doi.org/10.1063/1.2204597
http://dx.doi.org/10.1088/1742-6596/396/5/052021
http://dx.doi.org/10.1088/1742-6596/396/5/052021
http://dx.doi.org/10.1088/1742-6596/396/5/052021
http://dx.doi.org/10.1088/1742-6596/396/5/052021
http://dx.doi.org/10.1088/1742-6596/396/5/052021
http://dx.doi.org/10.1109/JPROC.2004.840301
http://dx.doi.org/10.1109/JPROC.2004.840301
http://dx.doi.org/10.1109/JPROC.2004.840301
http://dx.doi.org/10.1109/JPROC.2004.840301
http://dx.doi.org/10.1109/JPROC.2004.840301
http://dx.doi.org/10.1103/PhysRevA.52.2750
http://dx.doi.org/10.1103/PhysRevA.52.2750
http://dx.doi.org/10.1103/PhysRevA.52.2750
http://dx.doi.org/10.1103/PhysRevA.52.2750
http://dx.doi.org/10.1016/0009-2614(73)80469-5
http://dx.doi.org/10.1016/0009-2614(73)80469-5
http://dx.doi.org/10.1016/0009-2614(73)80469-5
http://dx.doi.org/10.1016/0009-2614(73)80469-5
http://dx.doi.org/10.1016/0009-2614(73)80469-5
http://dx.doi.org/10.1063/1.2204597
http://dx.doi.org/10.1063/1.2204597
http://dx.doi.org/10.1063/1.2204597
http://dx.doi.org/10.1063/1.2204597
http://dx.doi.org/10.1063/1.2204597
http://dx.doi.org/10.1088/1742-6596/396/5/052021
http://dx.doi.org/10.1088/1742-6596/396/5/052021
http://dx.doi.org/10.1088/1742-6596/396/5/052021
http://dx.doi.org/10.1088/1742-6596/396/5/052021
http://dx.doi.org/10.1088/1742-6596/396/5/052021
http://dx.doi.org/10.1109/JPROC.2004.840301
http://dx.doi.org/10.1109/JPROC.2004.840301
http://dx.doi.org/10.1109/JPROC.2004.840301
http://dx.doi.org/10.1109/JPROC.2004.840301
http://dx.doi.org/10.1109/JPROC.2004.840301
http://dx.doi.org/10.1103/PhysRevA.52.2750
http://dx.doi.org/10.1103/PhysRevA.52.2750
http://dx.doi.org/10.1103/PhysRevA.52.2750
http://dx.doi.org/10.1103/PhysRevA.52.2750
http://dx.doi.org/10.1016/0009-2614(73)80469-5
http://dx.doi.org/10.1016/0009-2614(73)80469-5
http://dx.doi.org/10.1016/0009-2614(73)80469-5
http://dx.doi.org/10.1016/0009-2614(73)80469-5
http://dx.doi.org/10.1016/0009-2614(73)80469-5
http://dx.doi.org/10.7498/aps.69.20191658
mailto:helh@sccas.cn
mailto:helh@sccas.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

