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 a b s t r a c t

The density matrix renormalization group (DMRG) algorithm is a cornerstone computational method for study-
ing quantum many-body systems, renowned for its accuracy and adaptability. Because DMRG provides a general 
framework applicable across various fields such as materials science, quantum chemistry, and quantum com-
puting, one might expect a shared, flexible library to serve most users. Nevertheless, numerous independent 
implementations continue to appear, resulting in significant duplication of effort. To identify collaboration op-
portunities that can promote a more unified approach, we map the rapidly expanding DMRG software land-
scape and provide a comprehensive comparison of features across 37 existing packages. When comparing key 
features, such as parallelism strategies for high-performance computing and symmetry-adapted formulations 
that enhance efficiency, we found significant overlap among the packages. This overlap suggests opportunities 
for collaboration to modularize common functionality—e.g., tensor operations, symmetry representations, and 
eigensolvers—as the packages are mostly independent and share few third-party library dependencies. More 
collaboration on modularization could reduce duplication of effort, improve interoperability, and enable priori-
tization and quicker spread of new advances. We believe the current lack of modularity is more socially driven 
than a technical issue; hence, we see raising awareness about the existing implementations as a first step in the 
right direction. Ultimately, this work emphasizes the value of greater cohesion through modularity, which would 
benefit DMRG software and related tensor-network-centered software, enabling the solution of more complex 
and ambitious problems.

1.  Introduction

Modern scientific discovery across an increasingly diverse range of 
fields depends on numerical software. This survey examines the diverse 
and rapidly expanding software landscape for the density matrix renor-
malization group (DMRG). We provide a map of existing packages and 
their functionalities that can serve as a valuable resource for researchers 
and developers interested in the topic. To allow everyone to benefit from 
the full potential of the algorithm and its various extensions, we encour-
age greater community collaboration to build a more unified foundation 
based on a well-structured modular hierarchy.

Tensor network algorithms have become indispensable for computa-
tional science and engineering, providing powerful frameworks for effi-
ciently representing and simulating quantum many-body systems [1–4]. 
One of the most successful examples is the modern tensor-based DMRG 
formulation [5–8]. DMRG’s accuracy and versatility have established 
it as a cornerstone method, inspiring numerous adaptations and exten-
sions far beyond its original scope [5,9,10]. These advancements have 
been applied to address problems across various research fields, includ-
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ing quantum chemistry [11], materials science [12], quantum comput-
ing [13], and machine learning [14–16], among others, covering both 
one and higher dimensions [17].

Various DMRG flavors, characterized by their sweeping variational 
optimization, remain relevant and widely used today. Furthermore, the 
growing interest in simulating larger and more complex systems, cou-
pled with the algorithm’s significant time and space complexity, induces 
a need to embrace parallelism and high-performance computing (HPC) 
platforms [18–20]. Additionally, high-performing DMRG must exploit 
inherent symmetries in the systems, as symmetries introduce a block-
sparsity structure that eliminates redundant computations, accelerates 
convergence, and enhances numerical stability and accuracy [9,21]. 
Symmetry-adapted DMRG is therefore another key component enabling 
simulations of previously intractable systems.

DMRG’s broad applicability has driven the development of numerous 
software packages. However, researchers often develop these packages 
independently, motivated by their needs and tailoring them to specific 
applications. This application-focused and uncoordinated approach has 
resulted in a lack of standardized modularity. Additionally, it has led 

https://doi.org/10.1016/j.cpc.2026.110136
Received 14 June 2025; Received in revised form 13 March 2026; Accepted 16 March 2026

Computer Physics Communications 324 (2026) 110136 

Available online 20 March 2026 
0010-4655/© 2026 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ). 

https://www.elsevier.com/locate/cpc
https://www.elsevier.com/locate/cpc
https://orcid.org/0009-0008-9361-9377

$_{4}$


$_{9}$


$_{2}$


$_{3}$


$<$


$>$


$<$


$>$


$U(1)$


$H$


$H$


$E$


$E$


$\lvert {\psi }\rangle $


\begin {equation}\label {eq: variational} \arg \min _{\lvert {\psi }\rangle } E(\lvert {\psi }\rangle ) = \arg \min _{\lvert {\psi }\rangle } \frac {\langle {\psi }\rvert {\bm {H}}\lvert {\psi }\rangle }{\langle {\psi }|{\psi }\rangle }.\end {equation}


\begin {equation}\label {eq:mps} |\psi _\mathrm {MPS}\rangle = \sum _{\sigma _1, \ldots , \sigma _L} A^{\sigma _1}_1 A^{\sigma _2}_2 \ldots A^{\sigma _L}_L |\sigma _1 \ldots \sigma _L\rangle ,\end {equation}


$L$


$A^{\sigma _i}_i$


$\sigma _i$


$\lvert {\psi }\rangle $


$W^{\mathrm {I, II}}$


$\chi $


$\chi $


$O(\chi _{\text {\tiny MPS}}^3)$


$O(\chi _{\text {\tiny TTNS}}^4)$


$O(\chi _{\text {\tiny MERA}}^7)$


$O(\chi _{\text {\tiny MERA}}^{16})$


$O(\chi _{\text {\tiny PEPS}}^{10})$


$O(\chi _{\text {\tiny PEPS}}^{12})$


$\mathrm {SU}(n)$


$\mathrm {U}(1)$


$\mathrm {U}(1)$


$\mathbb {Z}$


$\mathbb {Z}_2$


$\mathbb {Z}_n$


$\mathbb {Z}_2$


$\mathbb {Z}_n$


$n$


$\mathrm {SU}$


$\mathrm {SU}(2)$


$\mathrm {SU}(n)$


$\mathrm {SU}(2)$


$\mathrm {SU}(2)$


$\mathrm {SU}(n)$


$\mathrm {SU}(3)$


$\mathrm {P}$


$\mathrm {P} \in \{C_1, \allowbreak C_i,\allowbreak C_2,\allowbreak C_s,\allowbreak C_{2h},\allowbreak D_2,\allowbreak C_{2v},\allowbreak D_{2h}\}$


$\mathbb {Z}_2^\mathrm {f}$


$\mathbb {Z}_2$


$\mathrm {SO}(n)$


$\mathrm {Sp}(2n)$


$\mathrm {U}(1)$


$\mathbb {Z}_2^\mathrm {f}$


$\mathrm {SU}(2)$


$n$

https://orcid.org/0000-0002-2107-3095
https://orcid.org/0000-0002-4972-7097
https://orcid.org/0000-0002-4675-7434
mailto:pers@cs.umu.se
https://doi.org/10.1016/j.cpc.2026.110136
https://doi.org/10.1016/j.cpc.2026.110136
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cpc.2026.110136&domain=pdf
http://creativecommons.org/licenses/by/4.0/


P. Sehlstedt, J. Brandejs, P. Bientinesi et al.

to significant duplication of efforts when multiple groups implement 
similar functionalities. The limited modularity, in particular, poses sig-
nificant challenges when adapting these codes to HPC platforms.

To identify opportunities for collaboration that can promote a more 
unified and structured approach—one that reduces duplication, en-
hances modularity, and promotes advancements that leverage HPC plat-
forms for increasingly ambitious challenges in quantum many-body 
physics and beyond—we map the current DMRG software landscape 
to highlight similarities and differences across key features. Through 
this comparative perspective, we aim to reveal patterns that cut across 
implementations and point toward a shared foundation for future de-
velopment.

The remainder of this paper is structured as follows: We briefly in-
troduce the DMRG algorithm in Section 2. Since we focus on software, 
we assume the reader is reasonably familiar with the DMRG method. 
Many excellent reviews are available for those seeking a thorough in-
troduction [5,9,10,22,23]. We also highlight some developments since 
its inception, as these have significantly contributed to the proliferation 
of software packages. We describe our survey’s method in Section 3. We 
present all the packages we identified in Section 4 and compare their 
features in Section 5. Finally, we discuss and conclude in Section 6.

2.  Foundations and advancements

2.1.  The DMRG algorithm

The DMRG algorithm [24,25] is a numerical method for approximat-
ing the dominant eigenvector of a matrix 𝐻 , particularly the ground 
state of a quantum many-body system where 𝐻 represents the system’s 
Hamiltonian. The matrix is often large enough to present significant 
computational challenges, as the Hamiltonian is defined on a Hilbert 
space which grows exponentially with the system’s size. However, the 
ground state of most quantum many-body systems obeys a boundary 
law (also known as area law), possibly with a multiplicative logarith-
mic correction [26–31]. Roughly speaking, the boundary law states that 
a subsystem’s entanglement entropy scales with the size of its bound-
ary rather than its volume. This implies that valid ground state candi-
dates are confined to a relatively tiny subspace of the Hilbert space. 
Ultimately, this allows for data-sparse representations that make com-
putations tractable despite the exponential size of the Hilbert space.

The exact ground state of a Hamiltonian minimizes the energy expec-
tation value 𝐸. Thus, by the variational principle, DMRG can be framed 
as a variational optimization [32], directly seeking to minimize 𝐸 over 
the set of states spanned by a variational ansatz |𝜓⟩:

argmin
|𝜓⟩

𝐸(|𝜓⟩) = argmin
|𝜓⟩

⟨𝜓|𝑯|𝜓⟩
⟨𝜓|𝜓⟩

. (1)

Minimization is achieved through an iterative sweeping procedure that 
updates some elements while keeping all others fixed. The update at 
each sweeping step refines the approximation using an iterative eigen-
solver such as Lanczos [33] or Davidson [34]. These projection-based 
solvers are preferred as they allow for matrix-free implementations that 
avoid the simultaneous storage of Hamiltonian components in memory.

Originally, DMRG relied on reduced density matrices to identify and 
track the crucial degrees of freedom defining the system, hence the al-
gorithm’s name. However, it was later acknowledged that the singular 
value decomposition could achieve a similar goal and that a natural 
choice for the variational ansatz takes the form of a matrix product state 
(MPS) [5]:
|𝜓MPS⟩ =

∑

𝜎1 ,…,𝜎𝐿

𝐴𝜎11 𝐴
𝜎2
2 …𝐴𝜎𝐿𝐿 |𝜎1 … 𝜎𝐿⟩, (2)

where 𝐿 is the number of sites and each 𝐴𝜎𝑖𝑖  is a matrix of parameters. 
Single-site space 𝜎𝑖 is typically of small dimension, e.g., a chemical or-
bital of dimension 4.

Typical options for DMRG calculations include distinctions based 
on system type (infinite versus finite) and boundary conditions (open, 

periodic [32,35], smooth [36,37], or infinite [38]) tailored to a range 
of lattice geometries from one-dimensional chains to two-dimensional 
square [39,40], triangular [41,42], CAVO [43], honeycomb [44], or 
Kagome [45–47] lattices [17].

Enhancements such as density matrix perturbation [48], subspace 
expansion [49–52], and the recent controlled bond expansion [53] 
have notably enabled reliable single-site formulations of DMRG, some-
times delivering significant speed-ups and improved convergence, espe-
cially for systems with long-range interactions. DMRG is typically imple-
mented using a two-site formulation, which naturally allows for adap-
tive precision refinements of |𝜓⟩, often helping to avoid convergence 
issues. Traditional single-site formulations significantly reduce compu-
tation and memory costs but do not allow for such adaptivity, putting 
the simulation at risk of getting stuck in metastable configurations, i.e., 
local minima that differ from the ground state [48]. These enhance-
ments aim to balance the computational advantages of the single-site 
approach while reintroducing a degree of adaptivity and mitigating its 
risks.

Implementations commonly have the capability to exploit symme-
tries inherent to many quantum models. Symmetry-adapted DMRG 
can yield significant performance improvements [9,21]. Incorporating 
abelian symmetries enables block-sparse representations that reduce 
computational overhead by eliminating redundant calculations. Fur-
thermore, leveraging non-abelian symmetries can result in even more 
significant efficiency gains by capturing a richer system structure. How-
ever, this entails a significantly increased implementation effort due to 
the complexity of managing non-commutative group representations, 
often relying on Clebsch-Gordan coefficients and the Wigner-Eckart the-
orem to construct and manipulate symmetry-adapted tensor structures 
properly and efficiently. Despite these challenges, the potential perfor-
mance improvements offered by non-abelian symmetry-adapted meth-
ods make them a powerful tool for tackling complex, highly symmetric 
systems.

2.2.  Development and evolution

Since its inception in 1992 by Steven R. White [24,25], the DMRG 
algorithm has continuously developed and evolved to accommodate 
new applications and system types. It was initially conceived within 
the framework of renormalization group (RG) methods, building upon 
earlier ideas in condensed matter physics. However, over time, the lan-
guage describing DMRG shifted from the RG perspective to tensor net-
works, particularly matrix product states (MPS) [5–8] and matrix prod-
uct operators (MPO) [54–58]. The MPS/MPO framework has since be-
come the foundation for understanding and generalizing DMRG.

The applicability of DMRG has spread across several scientific do-
mains. For example, in ab initio quantum chemistry, it has been applied 
to solve the electronic structure problem in molecules [59–63]. The al-
gorithm’s ability to capture static correlations makes it highly effective, 
particularly in cases where traditional methods fall short. However, un-
like traditional methods, DMRG often struggles to capture dynamic cor-
relations. These trade-offs have resulted in hybrid quantum chemistry 
methods integrating DMRG with traditional multi-reference techniques. 
For instance, DMRG has been integrated with CASSCF, CASPT2, MRCI, 
CT, and MRDSRG to combine the methods’ strengths and effectively ad-
dress static and dynamic electron correlations.

DMRG has also been extended to tackle dynamic behavior and 
properties [64,65]. Time-dependent DMRG methods, including time-
evolving block-decimation (TEBD) [66–69], the time-dependent vari-
ational principle (TDVP) [70–73], local Krylov [74,75] and global 
Krylov [76,77] techniques, and MPO 𝑊 I,II methods [78], have opened 
pathways for real- and imaginary-time evolution studies. Additionally, 
DMRG has been extended for excited-state calculations [79,80], finite-
temperature simulations [54,81,82], and non-equilibrium systems [83]. 
Furthermore, it has inspired multigrid DMRG [84] for systems with 
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multiple length scales and the variational uniform MPS (VUMPS) al-
gorithm [85] for systems approaching the thermodynamic limit.

In parallel, the conceptual framework of tensor network states has 
evolved to become recognized as a natural language to describe quan-
tum states of matter [1–3,26,86,87]. The so-called bond dimension pa-
rameterizes tensor network states and controls the accuracy, with higher 
values yielding higher accuracy. In principle, MPS can represent any 
quantum state provided that the bond dimension 𝜒 is large enough; 
however, capturing the entanglement structure of higher-dimensional 
or critical systems requires exponentially large bond dimensions, lead-
ing to a rapid increase in computational cost. The reason for the ex-
ponential scaling is that MPS only satisfies a one-dimensional bound-
ary law, meaning entanglement saturates to a constant for a fixed 𝜒
as the size of the system increases, making them most effective when 
representing systems generally corresponding to ground states of local 
one-dimensional gapped Hamiltonians [88]. This limit explains MPS’s 
challenge with higher-dimensional systems, which often obey higher-
dimensional boundary laws, and critical systems, which often obey 
boundary laws with a multiplicative logarithmic correction.

Alternative tensor network states have been developed to overcome 
MPS’s inherent limitations, mainly to capture a higher scaling of en-
tanglement entropy effectively. Among these are projected entangled-
pair states/operators (PEPS/PEPO) [89], which can be seen as higher-
dimensional generalizations of MPS/MPO. Moreover, there are the 
multi-scale entanglement renormalization ansatz (MERA) [90,91] and 
branching MERA [92,93]. Another alternative is the tree tensor network 
states/operators (TTNS/TTNO) [94,95]. Similar to MPS, TTNS, on av-
erage, satisfies a one-dimensional boundary law and is also inherently 
one-dimensional since it is loop-free (lacking cycles). Still, the hierar-
chical structure offers different benefits to MPS.

However, while these alternatives can effectively capture a higher 
scaling of entanglement entropy using lower bond dimensions, opti-
mizing them can in total require more work due to increased algo-
rithmic complexity. For reference, the typical computational cost for 
DMRG scales as 𝑂(𝜒3

MPS) [17]. TTNS typically scales as 𝑂(𝜒4
TTNS) [94,95]. 

MERA methods, depending on their structure, exhibit computational 
costs ranging from 𝑂(𝜒7

MERA) to 𝑂(𝜒16
MERA), with higher costs associ-

ated with two-dimensional and branching variants [3,96]. Similarly, 
PEPS will have a typical computational effort that scales as 𝑂(𝜒10

PEPS)
to 𝑂(𝜒12

PEPS) [17]. This stark contrast highlights a trade-off between low 
bond dimension and high algorithmic complexity.

3.  Methodology

The survey was performed in two steps. First, we searched to identify 
all packages that implement DMRG, and then filtered out a relevant 
subset for further investigation (see Section 4 for the results). Second, 
we studied the selected packages to classify their features (see Section 5 
for the results).

To identify all packages that implement DMRG, we surveyed rel-
evant literature, particularly software release articles, searched online 
sources and code hosts (e.g., GitHub), and traced citations and related 
projects. The Tensor Network website [97] was a particularly useful 
starting point. We believe our coverage of open source packages is rela-
tively complete. However, a recurring issue was the lack of transparency 
in articles regarding the software used for the DMRG calculations. This 
leads us to believe that there could potentially be a large number of 
packages, especially private ones, that we are not aware of.

To classify the package features, we gathered information from doc-
umentation, research articles, and other publicly accessible sources. We 
then approached the developers with questions regarding the features, 
dependencies, and parallelization strategies of their software to verify 
and complement the initial information. The input from the develop-
ers proved invaluable, as the veracity and recency of publicly available 
information are often lacking. Despite our best efforts, errors and omis-
sions may still occur in the presented information. The errors could be 

due to evolving software features, differing interpretations, or a lack of 
information.

We maintain updated tables on GitHub [98] and encourage feed-
back from package developers and users to help keep the information 
complete and up-to-date.

4.  Packages implementing DMRG

The following are brief descriptions of the packages we found and 
compared in Section 5, including relevant references describing their 
implementations.

• ALPS (Algorithms and Libraries for Physics Simulations) [99–102] 
is a software package aiming to provide standardized components 
for numerical simulations of condensed matter systems. It has re-
ceived contributions from numerous researchers worldwide. It con-
tains two separate DMRG packages: ALPS DMRG [99,100] and ALPS 
MPS [100,103].

• BAGEL (Brilliantly Advanced General Electronic-structure Li-
brary) [104–106] is an electronic structure package maintained by 
the company QSimulate [107,108]. In its DMRG implementation, 
sites are individual molecules that collect multiple orbitals [109].

• Block2 [110–114] aims to provide a comprehensive set of DMRG 
algorithms for use in electronic structure methods and other ap-
plications. The package is developed and maintained by the Gar-
net Chan group at Caltech and the Initiative for Computational 
Catalysis at the Flatiron Institute. It can interface with other quan-
tum chemistry packages to enable hybrid DMRG methods, including
PySCF [115,116], OpenMOLCAS [117], and Forte [118]. Finally, it 
facilitates transformations of MPS and/or MPO objects from various 
packages.

• CheMPS2 [60,119–123] is a library containing a DMRG implemen-
tation for ab initio quantum chemistry primarily developed by Se-
bastian Wouters. It can interface with quantum chemistry packages 
that can handle R(O)HF calculations and molecular orbital matrix el-
ements, and this has been done for Psi4 [124] and PySCF [115,116].

• ChemTensor [125] is a package for tensor network algorithms cen-
tered around chemical systems developed by the Quantum Comput-
ing Group at the Technical University of Munich [126,127].

• Chen et al. [128,129] presents a hybrid parallel implementation of 
DMRG with custom subroutines for vector operations on the GPU for 
improved performance. More recently, they also presented a novel 
approach to real-space parallel DMRG [130], building upon the work 
of Stoudenmire and White [131].

• Cytnx [132,133] is a tensor network library designed for classical 
and quantum physics simulations. Kai-Hsin Wu is the creator and 
manages the core team that develops and maintains the package. 
They also see significant contributions from individuals outside the 
team. The package has interfaces similar to popular libraries like 
NumPy [134], SciPy [135], and PyTorch [136].

• DMRG-Budapest [137] is a package for general quantum many-
body problems. Örs Legeza leads the Strongly Correlated Systems 
“Lendület” Research Group [138] that develops and maintains the 
code. It features various novel in-house optimization techniques to 
improve performance [139–144].

• DMRG++ [145–150] implements the DMRG algorithm with an em-
phasis on generic programming and minimal software dependencies. 
The main developer is Gonzalo Alvarez. Additionally, the package 
has a plug-in to extend its capabilities to GPUs [151,152].

• DMRGPy [153] is a library to simulate quasi-one-dimensional spin 
chains and fermionic systems, mainly developed by Jose Lado. The 
library relies on ITensor [154–156] (either the Julia or the C++ 
version).

• FOCUS [157] implements an ab initio DMRG algorithm. Zhendong 
Li originally introduced the package with a pilot implementation of 
a DMRG-like sweep algorithm for variational optimization of comb 
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tensor network states [158]. It supports both non-relativistic and rel-
ativistic Hamiltonians, utilizing time-reversal symmetry in the latter 
case to reduce computational costs [159].

• Hong et al. [160] presents a DMRG implementation using various op-
timization strategies, specifically targeting GPUs with tensor cores.

• ITensor [154–156] is a package for programming tensor network 
calculations, allowing users to focus on the connectivity of a tensor 
network without manually tracking indices. Matt Fishman and Miles 
Stoudenmire are the primary developers and receive contributions 
from collaborators. ITensor was initially implemented in C++ but 
later fully ported to Julia, with most new features first being de-
veloped there. The C++ version [161] includes DMRG in the main 
library, while the Julia version provides DMRG through the ITen-
sorMPS.jl [162] extension of ITensors.jl [163].

• Kylin [164–166] is an ab initio quantum chemistry software pack-
age for estimating the electronic structures of molecular systems. The 
package is developed by the Ma Group [167] at Shandong Univer-
sity, and it is specially designed for calculations with large active 
spaces.

• MOLMPS [168] is a parallel implementation of DMRG for quantum 
chemistry. The Libor Veis Research Group [169] at the Heyrovský 
Institute [170] develops and maintains the code. The parallel scheme 
is based on an in-house MPI global memory library and supports 
various hybrid electronic structure methods.

• MPSKit.jl [171,172] contains tensor network algorithms for one-
dimensional quantum and two-dimensional statistical mechanics 
problems. It is developed under the QuantumKitHub organiza-
tion [173], where many related software packages focusing on quan-
tum many-body physics through tensor networks are publicly avail-
able, with contributions mainly from the Quantum Group at Ghent 
University [174]. It mainly builds upon TensorKit.jl [175,176], 
which provides functionality for generic symmetries, and its ca-
pabilities can be extended with packages like SUNRepresenta-
tions.jl [177] and MPSKitModels.jl [178].

• MPToolkit (Matrix Product Toolkit) [179,180] is a package for 
creating and manipulating MPS. Ian McCulloch started the project 
around 2002, initially envisioning a “next-generation” DMRG code 
that integrates non-abelian symmetries and emphasizes a flexible, 
general approach to constructing Hamiltonian operators and mea-
suring observables [21].

• OSMPS (Open Source MPS) [181–185] is a collection of tensor net-
work algorithms for simulating entangled one-dimensional many-
body quantum systems, focusing on long-range interaction neces-
sary for the molecular systems. The package is developed by Michael 
L. Wall, Daniel Jaschke, Matthew Jones, and the Carr Theoretical 
Physics Research Group [186]. The initial focus was to offer a broad 
set of methods for quantum simulators based on atomic, molecular, 
and optical physics architectures.

• PyTeNet [187,188] implements quantum tensor network opera-
tions and simulations structured around MPS and MPO classes. 
The Quantum Computing Group at the Technical University of Mu-
nich [126,127] develops the package. It acts as a facilitator of algo-
rithmic experimentation.

• pyTTN [189,190] is a package for working with generic TTNS to 
compute dynamical properties of quantum systems, primarily devel-
oped by Lachlan Lindoy. It also provides functionality for merging 
multiple physical modes into a single site, which can be useful when 
handling weakly correlated subsystems with strong correlations be-
tween the degrees of freedom within each subsystem.

• QCMaquis [191–195] is a SCINE module [196,197] that builds upon 
the ALPS MPS [100,103] code and implements various DMRG-based 
algorithms. The Reiher Research Group at ETH Zurich [197,198] 
develops the package. Key features include vibrational [199,200], 
time-dependent [201,202], and nuclear-electron [203,204] DMRG, 
and it accommodates non-relativistic and relativistic electronic struc-
ture calculations [205].

• QSpace [206–209] is a tensor library designed to incorporate arbi-
trary combinations of abelian and continuous non-abelian symme-
tries, down to no symmetries at all. It can perform all tensor oper-
ations identically by incorporating Clebsch-Gordan tensors, easing 
development for users. It has a long-standing history, with Andreas 
Weichselbaum as the primary developer. It was recently made open 
source, with extensive documentation provided in the release arti-
cle [208].

• Quantum TEA (Quantum Tensor network Emulator Applica-
tions) [210–212] is a set of tensor network packages for quantum 
simulation, circuit emulation, and machine learning applications. 
The Quantum Information and Matter group at the University of 
Padova [213] develops the package. Supplementary libraries extend 
their capabilities with diverse tensor backends to enable computa-
tions on CPUs, GPUs, and TPUs [214].

• quimb [215,216] is a library for quantum information and many-
body calculations, focusing primarily on tensor networks, developed 
mainly by Johnnie Gray. While its DMRG routine does not currently 
support features commonly found in other packages, quimb is com-
patible with complementary libraries like cotengra [217,218], au-
toray [219], and symmray [220] to support efficient tensor net-
work contraction, and various backend array libraries supporting 
block-sparse, abelian-symmetric, and fermionic representations.

• Renormalizer [65,221–224] is a tensor network package with a 
focus on electron-phonon quantum dynamics developed by the Zhi-
gang Shuai group [225,226]. It implements an original MPO/TTNO 
construction algorithm that leverages bipartite graph theory to au-
tomate and optimize the selection of normal and complementary op-
erators for custom Hamiltonians in the sum-of-products form [227,
228], a feature later adopted by several other packages.

• SeeMPS2 [229–231] is the second iteration of the SElf-Explaining 
Matrix-Product-State library [232]. Juan José García Ripoll and 
Paula García Molina in the Quantum Information and Foundations 
Group at the Institute of Fundamental Physics, in the Spanish Re-
search Council (CSIC) [233] develop the package. It aims to enable 
rapid prototyping of MPS and DMRG-inspired algorithms.

• SUNDMRG.jl [234] is a DMRG implementation specializing in a full 
SU(𝑛) symmetry and is developed by Masahiko G. Yamada, James R. 
Garrison, and Ryan V. Mishmash.

• SymMPS [235,236] builds upon the Scientific Parallel Algorithms 
Library (SciPAL) [237] and is developed by Sebastian Paeckel and 
Thomas Kölner. It features an original construction scheme for 
MPO representations of arbitrary U(1)-symmetric operators when-
ever there is an expression of the local structure in terms of a finite-
state machine [238].

• SyTen [239,240] aims to be a tensor network toolkit with standard 
MPS, binary TTNS, and infinite PEPS utilities. Claudius Hubig cre-
ated the package, and Sebastian Paeckel currently maintains it. It 
has also benefited from significant contributions from many oth-
ers, primarily members of the group of Uli Schollwöck at LMU Mu-
nich [241].

• TeNPy (Tensor Network Python) [242–244] is a library for simulat-
ing strongly correlated quantum systems with tensor networks. Jo-
hannes Hauschild and Jakob Unfried are the primary developers, and 
many others have made significant contributions. Their stated phi-
losophy is to balance readability and usability for newcomers while 
providing powerful algorithms for experts.

• tensor-tools [245,246] is a tensor network library that builds 
upon the Cyclops Tensor Framework (CTF) [247]. Ryan Levy devel-
oped the parallel version, which builds upon the serial version cre-
ated by Xiongjie Yu, both of which Bryan Clark guided as they were 
part of the Clark Research Group [248]. The package utilizes mul-
tiple ITensor [154–156] systems and design concepts to improve 
interoperability between the two.

• TensorTrack [249,250] is a package implementing various ele-
mentary algorithms that arise in the context of tensor networks and 
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is developed by the Quantum Group at Ghent University [174]. The 
package supports generic symmetries, including symmetry groups 
with multiplicities, which can have either bosonic or fermionic braid-
ing rules.

• UltraDMRG [251] is a library for performing large-scale calcula-
tions using one-dimensional tensor network algorithms developed 
by Hao-Xin Wang. It uses TensorToolkit [252], also developed by 
Hao-Xin Wang, for tensor operations and is specifically designed to 
tackle two-dimensional strongly correlated electron systems.

• xDMRG++ [253] is a package that includes various MPS algorithms 
for studying one-dimensional quantum spin chains. David Aceituno 
at KTH Condensed Matter Physics group developed the package.

• YASTN [254,255] (Yet Another Symmetric Tensor Network) is a 
package for differentiable linear algebra with block-sparse tensors, 
supporting abelian symmetries. Marek Rams and Juraj Hasik are the 
primary developers. The package mainly focuses on PEPS but also 
supports a range of MPS algorithms.

We also identified a few additional packages, which we decided to 
exclude from Section 5 for various reasons. We mention them here for 
completeness. The following appear to no longer be actively maintained 
and/or used: DMRG.x [256,257], mps [258], MPS++ [259], MP-
STools [260], ORZ [261], parallelDMRG [131,262], PyDMRG [263],
PyTeN [264], QC-MPO-DMRG [265], REGO [266], Snake DMRG
[267,268], TensorNetwork [269,270], TNT [271], and ZMPO-
DMRG [272]. Next are those that have been superseded by other 
packages: Block [273] and StackBlock [274] are precursors to
Block2 [110,114], GraceQ/MPS2 [275] is a precursor to Ultra-
DMRG [251], and Uni10 [276,277] is a precursor to Cytnx [132,133].
Simple DMRG [278], sophisticated-dmrg [279], Glen Evenbly’s ex-
ample codes [280], and G. Catarina’s implementation [22] were de-
signed primarily as tutorials rather than scalable research tools. Finally,
ITensorNetworks.jl [281] and TeNPy v2 [244] are currently pre-
releases and were therefore excluded.

5.  Feature comparisons

This section presents and compares multiple features of the packages. 
Rather than serving as a qualitative assessment of their effectiveness, we 
emphasize that our classification focuses on the packages’ functionality 
within the context of DMRG. Hence, a package with more features is 
not necessarily more versatile or higher-performing than others. Still, 
this does not hinder us from identifying common patterns that point 
toward opportunities for modularization and a shared foundation across 
implementations.

Additionally, packages may offer unique features and adaptations 
suited to specific research needs, sometimes extending well beyond 
DMRG. These may include other tensor-network algorithms, such as 
those mentioned in Section 2.2—e.g., time-dependent approaches (real 
and imaginary time), methods for targeting excited states, and finite-
temperature schemes. While these extensions lie outside the scope of 
the present survey, which focuses on ground-state DMRG implementa-
tions, many of the concepts and practical considerations discussed here 
are directly relevant and transferable to these related methods.

5.1.  High-level overview

We present some high-level aspects of each package in Table 1. We 
highlight the implementation language and scheme, support for symme-
tries, and HPC capabilities. The columns in Table 1 are as follows:

• ID: A unique identifier for cross-referencing purposes.
• Name: The official name of the package; if there is one.
• Language: The programming languages used for implementation and 
interfaces. Languages marked with i-superscripts are those primarily 
used as interfaces.

Table 1 
High-level overview of the packages included in the survey. Note that support 
for multiple features does not imply that they can be utilized simultaneously.

 ID  Name  Language  OSS  Gen.  Sym.  HPC
 A  NA  SM  DM  GPU

 1  ALPS DMRG  C++, Pythoni  [102]  1st ✓  –  ∗  –  –
 2  ALPS MPS  C++, Pythoni  [102]  2nd ✓  – ✓  –  –
 3  BAGEL  C++  [106]  1st ✓  – ✓ ✓  –
 4  Block2  C++, Pythoni  [114]  2nd‡ ✓ ✓ ✓ ✓  –
 5  CheMPS2  C++, Pythoni  [123]  1st ✓ ✓ ✓ ✓  –
 6  ChemTensor  C, Pythoni  [125]  2nd† ✓ ✓ ✓  –  –
 7  Chen et al.  C++  –  1st ✓  – ✓  –  S
 8  Cytnx  C++, Pythoni  [133]  2nd† ✓  – ✓  –  S
 9  DMRG-Budapest  C++, MATLABi  –  2nd‡ ✓ ✓ ✓ ✓  M
 10  DMRG++  C++  [150]  1st ✓  – ✓  –  S
 11  DMRGPy  Python  [153]  2nd  –  –  ∗  –  –
 12  FOCUS  C++  –  1st ✓ ✓ ✓ ✓  M
 13  Hong et al.  C++  –  2nd  –  – ✓  –  S
 14  ITensor  C++  [161]  2nd ✓  – ✓  –  –
 15  ITensorMPS.jl  Julia  [162]  2nd ✓  – ✓  –  S
 16  Kylin  C++  –  2nd ✓ ✓ ✓  –  –
 17  MOLMPS  C++  –  1st ✓  – ✓ ✓  S
 18  MPSKit.jl  Julia  [172]  2nd ✓ ✓ ✓  –  –
 19  MPToolkit  C++  [180]  2nd ✓ ✓ ✓  –  –
 20  OSMPS  Fortran, Pythoni  [185]  2nd ✓  – ✓ ✓  –
 21  PyTeNet  Python  [188]  2nd ✓  –  ∗  –  –
 22  pyTTN  C++, Pythoni  [190]  2nd†  –  – ✓  –  –
 23  QCMaquis  C++, Pythoni  [195]  2nd ✓ ✓ ✓  –  –
 24  QSpace  C++, MATLABi  [209]  2nd‡ ✓ ✓ ✓  –  –
 25  Quantum TEA  Fortran, Pythoni  [212]  2nd† ✓  –  ∗  –  S
 26  quimb  Python  [216]  2nd  –  – ✓  –  –
 27  Renormalizer  Python  [224]  2nd† ✓  –  ∗  –  S
 28  SeeMPS2  Python  [231]  2nd  –  –  ∗  –  –
 29  SUNDMRG.jl  Julia  [234]  1st  – ✓ ✓ ✓  S
 30  SymMPS  C++  [236]  2nd ✓  – ✓  –  –
 31  SyTen  C++, Pythoni  –  2nd ✓ ✓ ✓ ✓  S
 32  TeNPy  Python  [244]  2nd ✓  – ✓ ✓  –
 33  tensor-tools  C++  [246]  2nd ✓  – ✓ ✓  –
 34  TensorTrack  MATLAB  [250]  2nd ✓ ✓  ∗  –  –
 35  UltraDMRG  C++  [251]  2nd ✓  – ✓ ✓  S
 36  xDMRG++  C++  [253]  2nd  –  –  ∗  –  –
 37  YASTN  Python  [255]  2nd ✓  –  ∗  –  S

• Open Source Software (OSS): Indicates whether the package is open 
source and available for download.

• Implementation Formalism (Gen.): Specifies which view the DMRG im-
plementation is based on: 1st for the traditional RG perspective using 
renormalized operators and 2nd for the tensor network perspective 
using MPO/MPS. Additionally, ‡-superscripts mark those who sup-
port both views, and †-superscripts mark those who support the us-
age of TTNO/TTNS.

• Symmetry Support (Sym.): Indicates whether the package is 
symmetry-adapted to support abelian (A) and/or non-abelian (NA) 
symmetries or not.

• High-Performance Computing (HPC): Indicates support for HPC plat-
forms, categorized as shared-memory parallelism (SM), distributed-
memory parallelism (DM), and single- (S) or multi- (M) GPU accel-
eration (GPU). We mark trivial support with ∗, see Section 5.3 for 
further details.

To provide further clarity regarding Table 1, firstly, most developers 
of packages listed as not open source are willing to share their work in 
collaborations on specific projects or may offer it for free to academics.

Secondly, DMRG expressed with tensor network operators/states is 
sometimes called a second-generation formalism and allows for more 
flexibility in finding the optimal state with a broader range of applica-
tions [192], hence the distinction. However, it is essential to note that 
both can be equally efficient, and to a certain extent, the difference be-
tween them is mainly semantic in the context of DMRG. In an expec-
tation value optimization, the first-generation renormalized operators 
naturally correspond to partial traces of the second-generation MPO. In 
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DMRG, these are the only ones needed; the explicit MPO itself never 
needs to appear. However, for calculations of higher moments, for ex-
ample, an MPO is demonstrably more accurate as it exactly represents 
the Hamiltonian, unlike the renormalized operators [5,62].

Thirdly, we classify packages based on whether they support symme-
try in any form, without distinguishing between those limited to specific 
models and those that allow arbitrary symmetry combinations. Table 3 
provides more fine-grained analysis.

Finally, similar to the symmetries, we classify packages based on 
whether they support HPC platforms in any form, regardless of their use. 
Table 2 provides a more detailed examination of the different strategies 
and optimization techniques.

We observe that most packages are implemented in C++, often expos-
ing Python interfaces to enhance accessibility. Pure Python implemen-
tations are relatively rare, and only a few packages rely on languages 
such as Julia, Fortran, or MATLAB. Support for simpler symmetries and 
shared-memory parallelism is widespread, reflecting their maturity and 
ease of integration. In contrast, distributed-memory and GPU accelera-
tion remain relatively rare, highlighting current development challenges 
in large-scale or heterogeneous computing.

5.2.  Dependencies

All surveyed packages have external software dependencies. Some 
are mandatory while others are optional. Some packages are used in 
tandem with others that provide additional features, even though one is 
not technically dependent on the other. For example, the package MP-
SKit.jl can be used with the package MPSKitModels.jl, which pro-
vides concrete operators and models. For the purposes of this section, 
we also consider these relationships as dependencies.

We present the dependencies of each package in Fig. 1. Only those 
dependencies most relevant for DMRG calculations are included. For ex-
ample, dependencies related to parsing and serialization were excluded. 
Thus, despite their prevalence, dependencies such as HDF5 are omitted. 
Similarly, Boost is not marked as a dependency when the documentation 
states that it is only used for parsing and serialization. We do not dis-
tinguish between required and optional dependencies. We also exclude 
edges between third-party libraries as long as this does not affect the set 
of dependencies reachable from any package.

Since all packages depend on some implementation of BLAS and LA-
PACK, we excluded them to reduce clutter. Furthermore, we excluded 
dependencies associated with MPI and threading (e.g., OpenMP). These 
dependencies are implicitly captured in Tables 1 and 2. We grouped 
CUDA-related software into a single node, covering bespoke CUDA ker-
nels, tensor and other numerical libraries (cuTT, cuTENSOR, cuQUAN-
TUM, cuBLAS, cuSOLVER), communication (NCCL), and core compo-
nents (CUDA Runtime, CUDA Toolkit).

We conclude from this analysis that the packages are mostly inde-
pendent, with little common functionality factored out into third-party 
libraries. The main exceptions are BLAS/LAPACK, which all packages 
rely on directly or indirectly, and the standard parallel support frame-
works (e.g., OpenMP, MPI, CUDA). The Python-based packages com-
monly use SciPy and NumPy. Some libraries provide higher-level tensor 
operations, but they are mostly used by one or two packages.

5.3.  Parallelism and mixed-precision

We now expand on the HPC aspects introduced in Section 5.1 to 
describe parallelization strategies and other optimization techniques. 
We closely follow the classification summary and five-level hierarchy 
of parallelism first introduced by Zhai and Chan [111] and then further 
discussed by Tian and Ma [18]. Table 2 presents the following:

• Parallel strategies (Parallelism): Indicates support for the following 
types of parallelism:

– Parallelism within matrix operations (i): The most fine-grained and 
lowest-level source of parallelism is the data parallelism found 
primarily within the matrix–matrix and matrix–vector multipli-
cations that underpin the tensor algebra in the DMRG algorithm. 
We mark those who only support parallel matrix–matrix multi-
plications with ∗.

– Parallelism over symmetry sectors (ii): The block-sparse tensor rep-
resentations in symmetry-adapted DMRG implementations en-
able parallelism across symmetry sectors. The calculations on dif-
ferent blocks are independent, allowing them to run simultane-
ously [247,266].

– Parallelism over normal and complementary operators (iii): In ab 
initio DMRG, the left-right decomposition of the Hamiltonian is 
expressed as a summation of products of normal and comple-
mentary operators. These operators are distributed over threads 
and processors, processing the corresponding calculations con-
currently [60,282].

– Parallelism over a sum of sub-Hamiltonians (iv): The Hamiltonian is 
rewritten as a sum of sub-Hamiltonians such that each term can 
be manipulated independently [62]. This coarse-grained, high-
level parallelism is easily expressed in the MPO formalism and 
adds little communication overhead.

– Parallelism over sites (v): The DMRG sequentially sweeps back and 
forth along a path. The path can be partitioned into sections that 
can be processed simultaneously at the expense of extra commu-
nication at the section boundaries [130,131]. This coarse-grained 
parallelism is especially useful for large systems with many sites.

• Mixed-precision (MP): Indicates support for the recent mixed-
precision optimization technique introduced by Tian et al. [283], 
where the initial sweeps are accelerated by using reduced floating-
point precision. Later sweeps restore full precision by switching to 
full floating-point precision.

For a more comprehensive understanding of parallelism in matrix 
operations, the DMRG algorithm uses tensor data structures and related 
tensor algebra, including contraction, diagonalization, and decompo-
sition. The sparse matrix–vector multiplication is the dominant oper-
ation of the diagonalization done by the iterative eigensolver and can 
be decomposed into several dense matrix–matrix multiplications, which 
can be computed in parallel [247,284]. Since all packages depend on 
BLAS/LAPACK in some way, simply linking to a multi-threaded or GPU-
accelerated version will enable parallelization of dense matrix–matrix 
multiplications trivially.

Moreover, the matrices that form the operands for matrix–matrix 
multiplication calls are often relatively small in DMRG, particularly 
when exploiting symmetries, leading to non-negligible parallelization 
overhead and thus poor parallel efficiency [65,284]. The overhead can 
be somewhat mitigated by using batched matrix–matrix operations; 
however, we do not indicate such support here.

Regarding strategy iii, we observe it being highly prioritized by pack-
ages primarily related to quantum chemistry. The prioritization is likely 
due to the strategy being regarded as the largest source of parallelism 
for typical ab initio problems in quantum chemistry [18,111].

Regarding strategy v, Chen et al. [130] recently presented an im-
provement of the original scheme by Stoudenmire et al. [131], allowing 
section boundaries to be adaptively distributed. However, we do not 
distinguish which specific scheme is implemented in Table 2.

Regarding mixed-precision, the clean-up sweeps may use a mixed-
precision diagonalization method, which leads to a two-level mixed-
precision strategy [283]. However, we do not make this distinction in 
Table 2.

5.4.  Symmetries

Next, we elaborate on the symmetry aspects introduced in
Section 5.1. As before, we classify packages based on whether they
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Fig. 1. Graph showing the required and optional dependencies, and compatible software relevant to DMRG calculations for the different packages. The circle numbers 
correspond to those in Table 1. The circles are color-coded based on the Language-column in Table 1. We have highlighted tensor-related libraries with a bold font 
and thicker outline.

support each symmetry in any form, without distinguishing between 
those whose support is limited to specific built-in models and those that 
allow them to be arbitrarily combined. Table 3 indicates support for the 
following symmetries:

• The unitary group U(1): Indicates support for the unitary group of de-
gree one, which is the most commonly used symmetry. It typically 
enforces the conservation of particle numbers (total electrons or sep-
arate spin counts) and total spin magnetization.

• Cyclic groups (ℤ): Indicates support for either ℤ2 or more general ℤ𝑛
symmetries. A common usage for ℤ2 is to enforce the spin-flip (par-
ity) symmetry in the transverse-field Ising model, where flipping all 
spins leaves the Hamiltonian unchanged. The more general ℤ𝑛 group 
is common in models with an 𝑛-fold rotational or cyclic invariance.

• Special unitary groups (SU): Indicates support for either SU(2) or more 
generally SU(𝑛). The SU(2) group is the most common and is often 
applied to preserve the total spin, often referred to as spin SU(2). 
An example of SU(𝑛) is the channel SU(3) symmetry considered by 
Weichselbaum [206].

• Point groups (P): Indicates support for abelian point group symme-
tries P ∈ {𝐶1, 𝐶𝑖, 𝐶2, 𝐶𝑠, 𝐶2ℎ, 𝐷2, 𝐶2𝑣, 𝐷2ℎ} with real-valued character 
tables. They are often used for molecular systems to enforce spatial 
symmetries [60].

• Fermion parity (ℤf
2): Indicates support for the fermion parity, which 

captures the anti-commuting nature of fermionic degrees of freedom. 
The parity is a ℤ2 quantum number that yields an additional sign 
when exchanging two fermions (each carrying odd parity).

• Other: Indicates support for less common symmetries, such as the 
special orthogonal group SO(𝑛), the symplectic group Sp(2𝑛), and 

Anyonic symmetries [206]. Anyons are particles with non-trivial ex-
change statistics that are neither fermions nor bosons.

The fermion parity is often implemented using the Jordan-Wigner 
transformation, which maps fermionic creation and annihilation oper-
ators to (bosonic) spin operators. However, newer approaches incor-
porate it directly in tensor networks on arbitrary graphs using graded 
Hilbert spaces [285–287].

Finally, some software packages support user-defined symmetry 
groups, where the user specifies the properties/rules of the symmetry 
by providing appropriate Clebsch-Gordan coefficients or encoding them 
via an abstract tensor interface available in the package, for example. 
However, this type often requires complex workflows and a deep un-
derstanding of the software, as the interfaces tend to be complex. Addi-
tionally, it can be challenging to categorize and determine the threshold 
for what qualifies as supporting user-defined symmetries. Hence, we ex-
cluded them from Table 3 to maintain clarity and consistency.

We conclude that U(1) and ℤf
2 are the most frequently supported 

forms of symmetries. Support for non-abelian symmetries is mainly re-
stricted to SU(2).

5.5.  Hamiltonians

Formulating the Hamiltonian lies at the heart of applying DMRG. 
Here, we investigate the types of Hamiltonians available in the selected 
packages. We strive to provide broad insight into each package’s flex-
ibility in defining system interactions. However, the classifications in 
this section are somewhat up for interpretation due to variations in per-
spective. Table 4 presents the following information:
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Table 2 
Support for parallelism strategies and mixed-precision optimization 
techniques. Note that support for multiple features does not imply that 
they can be utilized simultaneously.

 ID Name
 HPC  Parallelism  MP
 SM  DM  GPU  i  ii  iii  iv  v

 1  ALPS DMRG  ∗  –  –  ∗  –  –  –  –  –
 2  ALPS MPS ✓  –  –  ∗ ✓  –  –  –  –
 3  BAGEL ✓ ✓  – ✓  –  –  –  –  –
 4  Block2 ✓ ✓  – ✓ ✓ ✓ ✓ ✓ ✓

 5  CheMPS2 ✓ ✓  – ✓ ✓ ✓  –  –  –
 6  ChemTensor ✓  –  – ✓ ✓  – ✓  –  –
 7  Chen et al. ✓  –  S ✓ ✓  –  – ✓  –
 8  Cytnx ✓  –  S  ∗ ✓ ✓  –  –  –
 9  DMRG-Budapest ✓ ✓  M ✓ ✓ ✓ ✓  – ✓

 10  DMRG++ ✓  –  S ✓ ✓  –  –  –  –
 11  DMRGPy  ∗  –  –  ∗  –  –  –  –  –
 12  FOCUS ✓ ✓  M  ∗ ✓ ✓  –  –  –
 13  Hong et al. ✓  –  S ✓  –  –  –  –  –
 14  ITensor  –  –  ∗ ✓  –  –  –  –
 15  ITensorMPS.jl ✓  –  S  ∗ ✓  –  –  – ✓

 16  Kylin ✓  –  – ✓ ✓ ✓  –  – ✓

 17  MOLMPS ✓ ✓  S ✓ ✓ ✓  –  –  –
 18  MPSKit.jl ✓  –  –  ∗ ✓  – ✓  –  –
 19  MPToolkit ✓  –  –  ∗ ✓  –  –  –  –
 20  OSMPS ✓ ✓  –  ∗ ✓  –  –  –  –
 21  PyTeNet  ∗  –  –  ∗  –  –  –  –  –
 22  pyTTN ✓  –  –  ∗  –  – ✓  –  –
 23  QCMaquis ✓  –  – ✓ ✓ ✓ ✓  –  –
 24  QSpace ✓  –  – ✓ ✓  –  –  – ✓

 25  Quantum TEA  ∗  –  S  ∗  –  –  –  – ✓

 26  quimb ✓  –  – ✓  –  –  –  –  –
 27  Renormalizer  ∗  –  S  ∗  –  –  –  –  –
 28  SeeMPS2  ∗  –  –  ∗  –  –  –  –  –
 29  SUNDMRG.jl ✓ ✓  S  ∗ ✓  –  –  –  –
 30  SymMPS ✓  –  – ✓ ✓  –  –  –  –
 31  SyTen ✓ ✓  S ✓ ✓  – ✓ ✓  –
 32  TeNPy ✓ ✓  – ✓ ✓  – ✓  –  –
 33  tensor–tools ✓ ✓  – ✓  –  –  –  –  –
 34  TensorTrack  ∗  –  –  ∗  –  –  –  –  –
 35  UltraDMRG ✓ ✓  S  ∗ ✓  – ✓  –  –
 36  xDMRG++  ∗  –  –  ∗  –  –  –  –  –
 37  YASTN  ∗  –  S  ∗  –  –  –  –  –

• Construction: Indicates if and how a user can define custom Hamilto-
nians.
– Custom: Indicates support for some generic custom Hamiltonian 
construction interface.

– Operator: Indicates support for constructing custom Hamiltonians 
using local 𝑛-body operators defined on the different site-indices 
upon which the operators act.

• Compression: Indicates support for compression of the Hamiltonian, 
classified as lossless (L) and/or lossy, with lossy schemes specified 
with fixed (F) or user-defined (U) tolerance.

• Built-in: Indicates whether the package contains built-in Hamiltoni-
ans that target a specific or broad range of fields.

To provide further clarity regarding Table 4, we first note that we 
only indicate the presence of an interface for custom Hamiltonian con-
struction and do not distinguish between implementations based on 
their specific details. Moreover, standard operators include spin, spin 
exchange, bosonic, and fermionic operators for the operator-type con-
struction interfaces. However, we do not make distinctions based on the 
number or type of operators each package offers.

Secondly, we acknowledge that classifying the variety of built-in 
Hamiltonians is somewhat subjective. Currently, the column reflects the 
developers’ views on their package. We provided them with the follow-
ing examples of what we considered fields: quantum chemistry, con-
densed matter physics, and nuclear structure.

Regarding the compression, many packages allow the Hamiltonian 
to be initially defined as a lazy sum of operators or a symbolic expres-

Table 3 
Support for various types of symmetries. Note that support for multiple fea-
tures does not imply that they can be utilized simultaneously.
 ID  Name 𝐔(𝟏) ℤ 𝐒𝐔 𝐏 ℤ𝐟

𝟐  Other
 1  ALPS DMRG ✓  –  –  – ✓  –
 2  ALPS MPS ✓ 2  –  – ✓  –
 3  BAGEL ✓  –  –  – ✓  –
 4  Block2 ✓ 𝑛 2 ✓ ✓  –
 5  CheMPS2 ✓  – 2 ✓ ✓  –
 6  ChemTensor ✓  – 2  –  –  –
 7  Chen et al. ✓  –  –  – ✓  –
 8  Cytnx ✓ 𝑛  –  – ✓  –
 9  DMRG–Budapest ✓ 𝑛 𝑛 ✓ ✓  –
 10  DMRG++ ✓  –  –  – ✓  –
 11  DMRGPy  –  –  –  – ✓  –
 12  FOCUS ✓  – 2  – ✓  –
 13  Hong et al.  –  –  –  –  –  –
 14  ITensor ✓ 𝑛  –  – ✓  –
 15  ITensorMPS.jl ✓ 𝑛  –  – ✓  –
 16  Kylin ✓  – 2 ✓ ✓  –
 17  MOLMPS ✓  –  – ✓ ✓  –
 18  MPSKit.jl ✓ 𝑛 𝑛  – ✓  Anyonic/Categoric
 19  MPToolkit ✓ 𝑛 2  – ✓  –
 20  OSMPS ✓ 2  –  – ✓  –
 21  PyTeNet ✓  –  –  –  –  –
 22  pyTTN  –  –  –  – ✓  –
 23  QCMaquis ✓ 2 2 ✓ ✓  –
 24  QSpace ✓ 𝑛 𝑛  – ✓  SO(n), Sp(2n)
 25  Quantum TEA ✓ 𝑛  –  – ✓  –
 26  quimb  –  –  –  – ✓  –
 27  Renormalizer ✓  –  –  – ✓  –
 28  SeeMPS2  –  –  –  –  –  –
 29  SUNDMRG.jl  –  – 𝑛  –  –  –
 30  SymMPS ✓  –  –  – ✓  –
 31  SyTen ✓ 𝑛 2  – ✓  –
 32  TeNPy ✓ 𝑛  –  – ✓  –
 33  tensor–tools ✓  –  –  – ✓  –
 34  TensorTrack ✓ 𝑛 𝑛  – ✓  –
 35  UltraDMRG ✓ 𝑛  –  – ✓  –
 36  xDMRG++  –  –  –  – ✓  –
 37  YASTN ✓ 𝑛  –  – ✓  –

sion, as indicated in the Operator column. Later, during the conversion 
to the final form, many of these packages can ensure that the repre-
sentation is compressed—typically in a lossless manner—to minimize, 
for example, the bond dimension when constructing an MPO. However, 
many packages also allow further compression, either during or after 
the conversion, where users can control the tolerance.

Continuing with the conversion from initial to final representation 
of the Hamiltonian, the different developers reported using various 
schemes. The most commonly referenced works were those of Ren et 
al. [227] for MPO and Li et al. [228] for TTNO. Other works referenced 
were Crosswhite et al. [288], Wouters et al. [119], Szalay et al. [289], 
Keller et al. [192], Chan et al. [62], Paeckel et al. [238], Hubig et 
al. [58], Chen et al. [290], Jaschke et al. [182,184], Parker et al. [291], 
Felser [292], and Çakır et al. [293].

5.6.  Eigensolvers

Eigensolving is central to DMRG; here, we present various aspects 
of the packages’ implementations and user interfaces. More specifically, 
Table 5 shows:

• Eigensolver: Indicates if the eigensolver is a bespoke implementation 
or provided by some external dependency. Some packages include 
both, often implementing their own sparse solver and complement-
ing it with an external dense solver.

• Method: Primary method(s) used, mainly relevant for packages that 
implement their own eigensolver, as they can be less flexible regard-
ing method changes. Common methods include: Lanczos (L), Arnoldi 
(A), Davidson (D), Jacobi–Davidson (JD), and Krylov–Schur (KS).
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Table 4 
Package support for custom Hamiltonian construction, operator-based def-
initions, compression, and the variety of fields for built-in models.

ID Name
 Construction  Compression Built-in
 Custom  Operator

 1  ALPS DMRG ✓ ✓  L, U  Specific
 2  ALPS MPS  –  –  –  Specific
 3  BAGEL  –  –  –  Specific
 4  Block2 ✓ ✓  L, U  Broad
 5  CheMPS2  –  –  L  Specific
 6  ChemTensor ✓ ✓  L  Broad
 7  Chen et al.  –  –  –  Broad
 8  Cytnx ✓ ✓  U  –
 9  DMRG-Budapest ✓ ✓  L  Broad
 10  DMRG++ ✓  –  –  Specific
 11  DMRGPy ✓ ✓  L, U  –
 12  FOCUS  –  –  –  Specific
 13  Hong et al.  –  –  –  Specific
 14  ITensor ✓ ✓  L, U  –
 15  ITensorMPS.jl ✓ ✓  L, U  –
 16  Kylin  –  –  L  Specific
 17  MOLMPS ✓  –  –  Broad
 18  MPSKit.jl ✓ ✓  L, U  Specific
 19  MPToolkit ✓  –  –  Broad
 20  OSMPS ✓ ✓  L  –
 21  PyTeNet ✓ ✓  L  Broad
 22  pyTTN ✓ ✓  L  Broad
 23  QCMaquis  –  –  L  Broad
 24  QSpace ✓ ✓  L  Specific
 25  Quantum TEA ✓ ✓  L  Specific
 26  quimb ✓ ✓  L, U  Specific
 27  Renormalizer ✓ ✓  L, U  Broad
 28  SeeMPS2 ✓ ✓  –  –
 29  SUNDMRG.jl  –  –  –  Specific
 30  SymMPS ✓  –  L, U  –
 31  SyTen ✓  –  L, U  –
 32  TeNPy ✓ ✓  L  Broad
 33  tensor–tools ✓ ✓  L, U  –
 34  TensorTrack ✓ ✓  –  Specific
 35  UltraDMRG ✓ ✓  L  –
 36  xDMRG++ ✓  –  L, F  Specific
 37  YASTN ✓ ✓  L, U  –

• Parameters:
– Access: Specifies the level of user access to the eigensolver’s in-
ternal parameters.

– Dynamic: Indicates if the parameters can be updated dynamically, 
either through automatic-tuning (Auto) or user control (User).

Typical options for parameter access generally refer to how users 
can control solver-specific settings such as convergence thresholds, 
maximum subspace dimensions, restart frequencies, or preconditioner 
choices. Some packages also allow users to define how solver parame-
ters evolve dynamically during the iterative process. For example, the 
convergence tolerance can be decreased depending on the iteration 
count. However, few include any form of automated tuning. As a result, 
users often bear the responsibility of selecting appropriate parameter 
values through manual experimentation, which can be highly system-
dependent and thus time-consuming.

We observe that most packages include custom eigensolver imple-
mentations, with the majority based on either the Lanczos or David-
son algorithms. However, while things may look similar at the sur-
face, we emphasize that there is still considerable room for variation 
among implementations. For instance, some implementations may in-
corporate alternative restart strategies—implicit or thick restarts—to 
balance subspace growth against convergence speed. Others may dif-
fer in their orthogonalization schemes—using full, partial, or selective 
reorthogonalization—to control numerical stability and computational 
overhead. Additional nuances include choices in how residual vectors 
are updated, whether preconditioning is applied within the subspace 
iterations, or how loss of orthogonality is monitored and corrected. Col-

Table 5 
Eigensolvers used by each package, with implementation source, method, and 
parameter accessibility.

 ID  Name  Eigensolver  Method  Parameters
 Access  Dynamic

 1  ALPS DMRG  Own  L  Most  Auto
 2  ALPS MPS  IETL in ALPS  JD  Most  Auto
 3  BAGEL  Own  D  All  –
 4  Block2  Own  D  All  User
 5  CheMPS2  Own  D  Most  User
 6  ChemTensor  Own  L  Most  –
 7  Chen et al.  Own  D  All  –
 8  Cytnx  Own  L  Most  Auto
 9  DMRG-Budapest  Own, ARPACK  L, D, etc.  All  Auto
 10  DMRG++  Own  L  Most  Auto, User
 11  DMRGPy  ITensor C++/Julia  –  Most  User
 12  FOCUS  Own  D  Most  User
 13  Hong et al.  Own  L  All  –
 14  ITensor  Own  D  All  –
 15  ITensorMPS.jl  KrylovKit.jl  L, A  All  –
 16  Kylin  Own  L, A  Some  User
 17  MOLMPS  Own  D  Most  –
 18  MPSKit.jl  KrylovKit.jl  L, A  All  Auto, User
 19  MPToolkit  ARPACK  L, D  All  User
 20  OSMPS  Own, ARPACK  L  Some  –
 21  PyTeNet  Own  L  Most  –
 22  pyTTN  Own  A  All  User
 23  QCMaquis  ALPS  JD  All  User
 24  QSpace  Own  L, A  Most  User
 25  Quantum TEA  Own, SciPy  L  All  User
 26  quimb  SciPy, slepc4py  KS, D, etc.  Most  User
 27  Renormalizer  Own, SciPy  D  Most  –
 28  SeeMPS2  SciPy  L  Some  –
 29  SUNDMRG.jl  Own  L  Some  –
 30  SymMPS  Own  L  All  User
 31  SyTen  Own  L, D  All  User
 32  TeNPy  Own, SciPy  L  All  User
 33  tensor-tools  Own  D  All  User
 34  TensorTrack  Own  KS  Some  –
 35  UltraDMRG  Own  L  Most  –
 36  xDMRG++  PRIMME  A, D, etc.  Most  Auto, User
 37  YASTN  Own  L  All  User

lectively, these design decisions can lead to notable differences in con-
vergence behavior, memory footprint, and overall solver efficiency, un-
derscoring the critical importance of modular architectures. By design-
ing with modular components in mind, we gain the flexibility to adapt 
the solver to a wide range of problems, experiment with optimizations, 
and incorporate future algorithmic improvements without requiring an 
overhaul of the entire implementation.

5.7.  Configurations

Here, we present typical configuration options available in the se-
lected packages. Table 6 presents the following information:

• System types (Sys.): Indicates support for finite (F) and infinite (I) 
system types.

• Boundary conditions (BC): Indicates support for different types of 
boundary conditions, such as open (O) and periodic (P).

• Update types (Site): Indicates support for local optimization schemes 
used at each step, such as single-site (1) and two-site (2).

• Enhancements: Indicates support for different types of enhancements, 
including density matrix perturbation (DMP) [48], subspace expan-
sion (SSE) schemes [49], and dynamically extended active space 
(DEAS) procedure [294].

• Out-of-core computations (OoC): Indicates support for out-of-core 
computations, such as writing edge tensors to disk when they be-
come too large to all be held in memory.

• Observable (Obs): Indicates whether users can measure observables 
other than energy during the calculation.
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Table 6 
Typical configuration options for each package.
 ID  Name  Sys.  BC  Site  Enhancements  OoC  Obs
 1  ALPS DMRG  F  O, P  2  DMP ✓ ✓

 2  ALPS MPS  F  O, P  1, 2  DMP ✓ ✓

 3  BAGEL  F  O  1  DMP  –  –
 4  Block2  F  O, P  1, 2  DMP, SSE ✓ ✓

 5  CheMPS2  F  O  2  DMP ✓ ✓

 6  ChemTensor  F  O  1, 2  –  – ✓

 7  Chen et al.  F  O  2  –  –  –
 8  Cytnx  F, I  O, P  1, 2  –  – ✓

 9  DMRG-Budapest  F, I  O, P  1, 2  DMP, SSE, DEAS ✓ ✓

 10  DMRG++  F  O, P  1, 2  DMP, SSE ✓ ✓

 11  DMRGPy  F  O  2  DMP  –  –
 12  FOCUS  F  O  1, 2  DMP ✓ ✓

 13  Hong et al.  F  O  1  –  –  –
 14  ITensor  F, I  O, P  2  DMP ✓ ✓

 15  ITensorMPS.jl  F, I  O, P  2  DMP ✓ ✓

 16  Kylin  F  O, P  1, 2  SSE ✓  –
 17  MOLMPS  F, I  O, P  1, 2  – ✓ ✓

 18  MPSKit.jl  F, I  O, P  1, 2  SSE  – ✓

 19  MPToolkit  F, I  O, P  1, 2  DMP ✓ ✓

 20  OSMPS  F, I  O  1, 2  –  –  –
 21  PyTeNet  F  O  1, 2  –  – ✓

 22  pyTTN  F  O  1  SSE  – ✓

 23  QCMaquis  F  O  2  DMP ✓ ✓

 24  QSpace  F  O, P  1, 2  – ✓ ✓

 25  Quantum TEA  F  O, P  1, 2  SSE ✓  –
 26  quimb  F  O, P  1, 2  –  – ✓

 27  Renormalizer  F  O, P  1, 2  SSE  –  –
 28  SeeMPS2  F  O  2  –  – ✓

 29  SUNDMRG.jl  F  O  2  DMP  –  –
 30  SymMPS  F  O, P  1, 2  –  – ✓

 31  SyTen  F  O, P  1, 2  SSE ✓ ✓

 32  TeNPy  F, I  O, P  1, 2  DMP, SSE ✓ ✓

 33  tensor–tools  F  O, P  2  –  –  –
 34  TensorTrack  F, I  O  1, 2  SSE  –  –
 35  UltraDMRG  F  O  1, 2  SSE ✓  –
 36  xDMRG++  F, I  O  1, 2  SSE  – ✓

 37  YASTN  F  O  1, 2  –  – ✓

Note that the Site column in Table 6 refers strictly to the local update 
type and does not denote physical orbital sites, blocks of the reduced 
density matrix, or partitioning used in some quantum-chemistry DMRG 
implementations.

Observables refer to quantities that can be measured during a cal-
culation, allowing the user to monitor the system’s state or compute 
physical properties. In typical implementations, this feature enables the 
user to specify local or global operators, such as spin, particle number, or 
correlation functions, to be measured after each sweep or optimization 
step. Depending on the package, observables may be evaluated by sup-
plying a callback function, by overloading a function with a predefined 
signature, or by using a generator-style interface that yields access to 
the current state at each step. This approach provides flexibility, allow-
ing custom measurements to be incorporated into the workflow with-
out requiring modifications to the core algorithm. It can be beneficial 
for tracking convergence, computing expectation values, or performing 
intermediate analyses during long-running calculations.

6.  Discussion

We systematically surveyed the software landscape for the DMRG 
algorithm and identified more than 50 packages, 37 of which we com-
pared across multiple features. We revealed significant overlap among 
the supported features and showed that, despite the overlap, most devel-
opments are largely independent, each relying on its own implementa-
tion of core components. This independence suggests opportunities for 
collaboration to establish standards for modular components, thereby 
enabling increased use of shared software infrastructure.

Independently developed core components face several challenges. 
The current lack of standardization limits interoperability, making mi-

gration between packages costly and time-consuming. Moreover, new 
techniques must be re-implemented in each package, thereby slowing 
adoption and limiting the immediate spread of its benefits. Furthermore, 
implementations tailored to specific use cases may be rigid if they lack 
modularity, potentially making them difficult to adapt to new methods 
or technologies. These challenges become particularly acute when ad-
dressing complex features, such as GPU support, multi-level parallelism, 
non-abelian symmetries, and auto-tuning, which is likely why we do not 
observe any package implementing all of them.

Increased use of shared software infrastructure can concentrate 
maintenance efforts, reduce duplication, and improve long-term sta-
bility, interoperability, and developer productivity. Additionally, it can 
help new advances and features spread more quickly. For example, all 
packages rely on BLAS rather than re-implementing matrix multiplica-
tion, so improvements to BLAS immediately accelerate all packages. Just 
as BLAS provides a foundation for matrix operations, a standardized, 
modular approach could be established for other core components, in-
cluding tensor operations, symmetry representations, and eigensolvers. 
Initial efforts in this area have already started, such as through the Ten-
sor Algebra Processing Primitives (TAPP) initiative [295].

The current landscape, with an abundance of largely independent 
packages and significant functional overlap, thus raises two questions: 
Why has this proliferation emerged, and why has it not been accompa-
nied by greater standardization and modularity of core components to 
promote shared software infrastructure?

Proliferation. We find part of an explanation for the abundance of pack-
ages in Section 4, with different packages serving distinct purposes: 
some are research-oriented, developed to prototype and explore novel 
ideas; others are application-focused, specializing in specific real-world 
problems; and still others are commercially oriented, for enterprise use. 
While this distinction helps explain why a single all-purpose package is 
neither realistic nor necessarily desirable, it does not fully account for 
the recurrent independence or the limited modularity.

A further explanation is that most packages were created within a re-
search group by a small team to address their particular needs, and what 
may have begun as a modest, internally developed proof-of-concept 
gradually evolved over many years into a sophisticated package even-
tually released as open source. Having complete control over the im-
plementation can allow the developers to tailor it more easily to their 
needs, which can be advantageous when studying a specific application.

Standardization. As for the lack of standardization and modularity in 
core components, one reason may be the complexity of some compo-
nents. Tensor network algorithms as a whole are still in a relatively 
exploratory stage, undergoing rapid development, and it is not yet fully 
understood how to handle, for example, symmetries in the most efficient 
way, which is central to DMRG. Still, this exploratory nature can under-
score the importance of standardization and modularity. Flexible, robust 
interfaces for modular components can provide a stable foundation, en-
abling researchers to develop, test, and compare new ideas—such as 
improved symmetry handling—more efficiently without rewriting en-
tire codebases, thereby potentially accelerating exploration.

Another reason is likely a lack of awareness of parallel developments, 
which occur across various fields. Information about existing DMRG im-
plementations is scattered across journals, publications, code reposito-
ries, and informal documentation, making it difficult to obtain a clear 
overview of available approaches or to build directly on prior work. 
Therefore, we view this survey as a step toward consolidating knowl-
edge, increasing the visibility of existing solutions, and fostering more 
coordinated progress.

Conclusions. Taken together, our survey suggests that the diversity of 
DMRG implementations is driven more by social than technical fac-
tors. By mapping the landscape, we have shown that many packages 
share overlapping features, revealing opportunities for modularization 
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and shared software infrastructure. Building on this insight, we encour-
age broader collaboration across projects and disciplines, combining 
bottom-up modularization of shared functionality with top-down con-
solidation of similar projects. Such collaboration would benefit DMRG 
and related tensor-network-centered software, allowing these powerful 
algorithms to tackle increasingly complex and ambitious problems.

Recent efforts indicate a growing recognition of the benefits of mod-
ularization and collaborative development, as seen in the modular de-
signs of ITensors.jl [163], TensorKit.jl [176], and quimb [216], 
and the collaborative effort of Cytnx [133] and TeNPy [244] to cre-
ate Cyten [296]—a shared underlying platform that combines and 
extends the linear algebra of symmetric tensors from both packages. 
Moreover, we observe efforts to enhance interoperability, for example,
Block2 [114], which facilitates the transformation of MPS and/or MPO 
objects from various packages. Finally, several ongoing efforts specifi-
cally aim to bring together developers of DMRG and related software. 
Examples include the Reusable Libraries in Quantum Chemistry meet-
ing [297,298] and the Toulouse Tensor Workshop [295,299].
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