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Abstract

Recently, the tensor network states (TNS) methods have proven to be very powerful tools to investigate the strongly
correlated many-particle physics in one and two dimensions. The implementation of TNS methods depends heavily
on the operations of tensors, including contraction, permutation, reshaping tensors, SVD and son on. Unfortunately,
the most popular computer languages for scientific computation, such as Fortran and C/C++ do not have a standard
library for such operations, and therefore make the coding of TNS very tedious. We develop a Fortran2003 package
that includes all kinds of basic tensor operations designed for TNS. It is user-friendly and flexible for different forms
of TNS, and therefore greatly simplifies the coding work for the TNS methods.
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PROGRAM SUMMARY
Program Title: TNSP
Program Files doi: http://dx.doi.org/10.17632/fgggdbrdnx.1
Licensing provisions: GNU General Public License version 3
Programming language: Fortran2003
External routines: BLAS, LAPACK, ARPACK
Nature of problem: The implementation of Tensor Network State (TNS) methods depends heavily on the operations of tensors.
Unfortunately, the most popular computer languages for scientific computation, such as Fortran and C/C++ do not have a standard
library for such operations, and therefore make the coding of TNS very tedious.
Solution method: We develop a Fortran2003 package that includes all kinds of basic tensor operations designed for TNS, which
greatly simplifies the coding work for the TNS methods.
Additional comments including Restrictions and Unusual features: A gcc-4.8.4 or later version is required to compile the code.

1. Introduction

One of the biggest challenges in modern condensed matter physics is to develop efficient numerical methods to
solve the strongly correlated many-particle physics. As for strongly interacting systems, where conventional pertur-
bation theory fails, numerical simulation plays a crucial role to reveal the nature of quantum many-body physics.
Several popular methods, including the exact diagonalization (ED), Quantum Monte Carlo(QMC) methods [1, 2] and
the density matrix renormalization group (DMRG) method [3, 4] , have been widely used and achieve great success.
However, there are some limitations for the previous methods: ED methods suffers the “Exponential Wall” problem
and the QMC suffers the notorious sign problem when simulating frustrated systems and fermion systems [5], whereas
DMRG is limited to 1D or quasi-1D systems and does not work well for higher dimension systems[6]. It is pressing
to develop new efficient numerical algorithms.

Recently, tensor network states (TNS), including matrix product states (MPS)[7], projected entangled pair states
(PEPS)[8] etc., are proposed to describe many-body physics inspired by the quantum entanglement theory. The TNS
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