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REST (Rust-based electronic structure toolkit)
is a modern open-source electronic structure

Rust-based Electronic Structure
Toolkit

code entirely written in Rust, combining high
performance, memory safety, and expressive
concurrency. As a community-driven project,
its source code is freely available at https://gi-
tee.com /restgroup, fostering open collabora-
tion and transparent development. It supports
a wide range of density functional
methods— from local density approximation

(LDA), generalized gradient approximation
(GGA), meta-GGA, and hybrids to doubly hybrids, as well as machine learning-augmented
functionals—enabling high-accuracy simulations with low computational overhead. Its “disk-
free” RI-based (RI: resolution-of-the-identity) implementation and efficient shared-memory
parallelism (via Rayon) ensure rapid calculations even for challenging systems. REST also of-
fers unique user support through large language model-assisted input generation and develop-
er-friendly tensor libraries for rapid algorithm prototyping,.
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Density functional theory (DFT) has firmly estab- DFT is deeply intertwined with the development of effi-

lished itself as the most important and widely used first- cient and robust software platforms that implement its

. . . S . formalism. In the domain of quantum chemistry, sever-
principles computational method for investigating mi- ) ; ) )
al major electronic structure packages—including Gaus-
sian [1], Q-Chem [2], ORCA [3], and PySCF [4], just to

name a few—leverage Gaussian-type basis sets to pro-

croscopic electronic structures across materials science,

physics, and chemistry, etc. The remarkable success of

vide researchers with powerful tools for simulating
molecular systems. Density functional approximations
(DFAs) such as BSLYP [5-7] and PBE [8], formulated

T Part of Virtual S ial 1 f “Methods, Algorith: Cod e . . .
art of virtual special issue o erHods, Atgoribims, Lodes, within the framework of mean-field formalism and im-

and Software for Theoretical and Computational Chemistry”. . ] )
* Authors to whom correspondence should be addressed. plemented in these platforms, have been pivotal in the

E-mail: igor_zhangying@fudan.edu.cn, xxchem@fudan.edu.cn rapid expansion of computational research paradigms.
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Today, DFT-based simulations have become an indis-
pensable tool for interpreting experimental data and
predicting chemical properties.

In recent years, the paradigm of scientific research
has gradually shifted from traditional computational
approaches toward data-driven artificial intelligence
(AI) methodologies [9, 10]. This transition imposes
higher demands on both the accuracy of the data pro-
duced and the efficiency of data production. However, a
persistent dilemma exists in the selection of DFAs: gen-
eralized gradient approximation (GGA) functionals
such as PBE [8] are computationally efficient but often
lack sufficient accuracy required for reliable description
of chemical bonding, while more sophisticated ap-
proaches, such as the XYG3-type doubly-hybrid func-
tionals (xDH) [11], offer higher accuracy at much in-
creased computational costs. Hybrid functionals such as
B3LYP [5—7] remain a practical compromise, not due to
excellence, but out of necessity. Hence, the implementa-
tion of accurate density functional methods that simul-
taneously deliver high efficiency is becoming an urgent
requirement for the development of electronic structure
software in the age of Al

Another fundamental challenge in designing next-
generation electronic structure software lies in the in-
herent complexity of its ecosystem [12, 13]. Successful
electronic structure programs often result from collabo-
rative efforts spanning research groups worldwide. Yet,
the integration of contributors with varying levels of
programming expertise poses a significant difficulty.
Given that highly parallel and fully optimized electron-
ic structure computations frequently involve intricate
memory operations, constructing a robust development
environment that accommodates diverse coding compe-
tencies remains a critical—and still open—question for
achieving sustainable and collaborative software devel-
opment.

Rust-based electronic structure toolkit (REST) is
the first open-source electronic structure software devel-
oped in Rust, a modern programming language de-
signed for both safety and performance (see FIG. 1). It
integrates and extends a range of advanced quantum
chemical numerical algorithms. Compared with tradi-
tional languages such as C++ and Fortran, which are
used in mainstream electronic structure packages like
Gaussian [1] and VASP [14-17], Rust provides REST
with several foundational advantages as a system lan-
guage emphasizing safety and efficiency. Rust’s unique
ownership system and borrow checker prevent many
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FIG. 1 Schematic of Rust-based electronic structure
toolkit (REST) and its logo.

common memory-related errors, such as dangling point-
ers and data races—at compile time. This memory safe-
ty mechanism not only enhances code reliability but al-
so significantly reduces runtime failures, enabling
REST to handle complex quantum chemical calcula-
tions with greater robustness. Furthermore, Rust was
designed with native support for modern multicore ar-
chitectures. Leveraging this capability, REST achieves
“fearless concurrency” in its parallel implementation,
substantially accelerating computational performance.

In this letter, we will not revisit the foundational
principles of electronic structure theory or the general
architecture of computational programs, as these are
thoroughly covered in existing reviews and methodolog-
ical articles [18—21]. Similarly, detailed technical as-
pects of REST’s implementation and usage will not be
discussed here; readers who are interested in such infor-
mation are referred to the official REST program web-
site [22]. Furthermore, following the First REST Work-
shop held in September 2025, comprehensive installa-
tion guides and hands-on tutorial materials have been
prepared and are now publicly available on the website
(https://gitee.com/restgroup/workshop for rest). We
encourage the community to access these resources for
practical guidance. Instead, the focus of this communi-
cation is to highlight the distinctive features of the
REST package, particularly in the areas of density
functional methods, computational efficiency, and user
experience, which distinguish it from conventional elec-
tronic structure software.

Versatile DFT capabilities: from mainstream to ad-
vanced methods. REST supports a comprehensive
range of mainstream density functional methods. By
leveraging the Libxc library [23], it incorporates the
vast majority of conventional DF As based on the mean-
field Kohn-Sham framework, including local density ap-
proximation (LDA), GGA, meta-GGA, and hybrid
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FIG. 2 Assessment of some representative DFAs for benzene dimer dissociation (def2-TZVP/def2-SV(P)-JKFIT). For
benchmarking, reference data were prepared using the CCSD(T) method extrapolated to the complete basis set limit

(CBS).

functionals. Examples of supported functionals span
widely used DFAs such as PBE [8], B3LYP [5-7],
X3LYP [24], the empirical Minnesota series (e.g., M05
[25], MO6 [26], and MN15 [27]), as well as the non-em-
pirical meta-GGAs of TPSS [28] and SCAN [29] devel-
oped by Perdew and collaborators. Moreover, popular
empirical dispersion corrections (D3 [30] and D3BJ [31])
is available for these DFAs. At these levels of theory,
REST enables both efficient single-point energy calcula-
tions and geometry optimizations using analytic forces.
However, conventional electronic structure methods
often suffer from significant limitations, such as system-
atic underestimation of unbounded interactions [30] and
transition-state energy barriers [32], as well as inaccu-
rate descriptions of strongly correlated systems such as
molecular bond dissociation [33]. To address these is-
sues, it is essential to go beyond the conventional DFAs
and incorporate advanced models of electron correla-
tion. Our research group has developed xDH functional
series [34], which includes variants such as XYG3 [11]
and XYG7 [34] that employ second-order perturbation
theory (PT2), the opposite-spin (OS) PT2-based XYGJ-
OS [35], and the recently introduced R-xDH7-SCC15
[36], which combines renormalized PT2 (R-PT2) with a
machine learning-powered strong correlation correction
(SCC15) model. These functionals, implemented in
REST, collectively overcome many of the inherent limi-
tations of conventional DFAs and significantly improve
accuracy across a wide range of chemical interactions.
As illustrated in FIG. 2 and FIG. 3, which compare
interaction energy curves for benzene dimer (nonbound-
ed interactions) and ethane C—C bond dissociation
(strong correlation), xDH methods based on (OS)-
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FIG. 3 Assessment of some representative electronic
structure methods for the ethane C-C bond dissociation
(def2-QZVPPD/def2-SV(P)-JKFIT). For benchmarking,
reference data were prepared using the CCSD(T) method
extrapolated to CBS for the equilibrium region and the
NVEPT2 method for the middle and dissociation limit re-
gions.

PT2—such as XYG3, XYG7, and XYGJ-OS—demon-
strate markedly improved performance for nonbounded
interactions and energy barriers compared to conven-
tional DFAs. However, these methods remain inade-
quate for describing bond dissociation processes due to
intrinsic limitations of standard perturbation theory
[37]. Our recently developed R-xDH7-SCC15 repre-
sents the first single-reference framework capable of si-
multaneously and accurately modeling nonbounded in-
teractions, transition-state barriers, and bond break-
ing/formation behaviors [36]. All these advanced xDH
methods are efficiently implemented in REST for single-
point energy calculations and, in its current version,
REST also supports geometry optimization using nu-
merical forces.

REST further extends the applicability of its ad-
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FIG. 4 Parallel scaling of X3LYP performance: (a) pentacene system (36 atoms, def2-TZVP, def2-SV(P)-JKFIT, 766 ba-
sis functions, 146 electrons); (b) paclitaxel system (113 atoms, def2-TZVP, def2-SV(P)-JKFIT, 2228 basis functions, 452

electrons).

vanced density functional methods to excited-state cal-
culations through strategies such as ASCF [38, 39] and
constrained DFT (C-DFT) [40, 41]. To mitigate poten-
tial spin contamination issues commonly encountered in
excited-state computations, the package also incorpo-
rates correction schemes such as the Yamaguchi ap-
proach [42] and the restricted open-shell Kohn—Sham
(ROKS) framework [43, 44]. Additionally, REST fea-
tures preliminary implementations of many-body meth-
ods widely used in computational physics and materials
science for accurate excited-state property prediction,
including the GW approximation [45] and the
Bethe—Salpeter equation (BSE) [46]. Detailed usage in-
structions are available on the official REST website.
Accuracy evaluations and further methodological devel-
opments of these approaches for excited-state proper-
ties are currently in progress and will be detailed in
forthcoming publications.

Efficient and scalable performance for modern com-
putational challenges. To position itself as a next-gener-
ation electronic structure code in the age of AI, REST
not only implements advanced density functional meth-
ods with high accuracy, but also prioritizes efficient and
high-performance program design. To balance computa-
tional cost with system size, REST adopts a default
“disk-free” implementation and utilizes the Resolution-
of-Identity (RI) approximation [47] for four-center elec-
tron repulsion integrals, which significantly reduce
memory footprint and I/O overhead. On the REST
platform, we are actively exploring the application of
lower-scaling algorithms and tensor low-rank decompo-
sition techniques. These efforts aim to enable routine
xDH calculations for systems with hundreds of atoms
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using hardware commonly available to researchers (e.g.,
a single node with <100 cores and <500 GB memory).
We expect to report these advances in a forthcoming
publication.

Benefiting from Rust’s unique ownership system, all
algorithms in REST can seamlessly and safely leverage
fine-grained parallelism within a single node (shared
memory) through Rayon, a library that enables “fear-
less concurrency” analogous to OpenMP, while main-
taining excellent parallel performance. As illustrated in
FIG. 4, the parallel scaling of the hybrid functional
X3LYP was evaluated on an x86 machine (AMD EPYC
9654 and Intel Platinum 8163) and domestic machines
(Kunpeng 920B and Hygon 7285) for two test systems:
a pentacene system (36 atoms, 766 basis functions) and
a paclitaxel molecule (113 atoms, 2228 basis functions).
As demonstrated in FIG. 4(a) for the pentacene system,
scaling from 2 to 32 computing cores achieves a speedup
factor of approximately 7-9 for AMD EPYC 9654 and
Intel Platinum 8163 processors, and 5—7 for Hygon 7285
processors. The parallel efficiency improves for larger
systems, as demonstrated by the results for the larger
paclitaxel molecule in FIG. 4(b). Benchmarking on an
AMD EPYC 9654 processor shows that the execution
time decreases significantly from 111 min to 55, 28, and
15 min as the number of threads increases from 3 to 6,
12, and 24. This near-linear scaling demonstrates high-
ly efficient parallelism. Furthermore, REST has been
successfully ported to ARM-based architectures, such
as Huawei’s Kunpeng processors (model: Kunpeng
920B). REST exhibits similarly strong parallel scaling
on this domestic hardware, although the total execu-
tion time is approximately 2-3 times longer than on

© 2025 Chinese Physical Society
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TABLE I Time consumption for several sizable molecules
(Intel(R) Xeon(R) Gold 6150 CPU @ 2.70GHz, 36 cores).
Relevant timing data are collected from Ref.[48]. Nytom:
number of atoms in the system; Nye.: number of occupied
molecular orbitals; Nyjr: number of virtual molecular or-
bitals. #per iter: time per SCF iteration for the B3LYP hy-
brid functional; tpr9: time for PT2 calculation in the
XYGT7 doubly hybrid functional; #pT2: time for renormal-
ized PT2 calculation; tgcc1s: time for the SCC15 model.

lperiter tPT2 &PT2 1SCC15
EDO08 72 162 3202 ~488 ~282 ~343 ~464
PROS 74 163 3261 ~490 ~305 ~354 ~478
EDO09 70 155 3095 ~420 ~245 ~303 ~386
PRO9 72 156 3154 ~460 ~456 ~314 ~409
PR24 120 205 2360 ~310 ~392 ~430 ~506
PR25 117 210 2370 ~300 ~431 ~453 ~b564
ED41 74 130 2943 ~420 ~258 ~272 ~279
PRA41 74 130 2943 ~370 ~261 ~220 ~279

Species Natom Noce  Nvir

AMD CPUs.

During the development of REST, particular empha-
sis has been placed on optimizing the performance of
advanced density functional methods, especially the
xDH family of doubly hybrid functionals. As shown in
Table I, for transition-metal complexes containing
70-120 atoms and approximately 3000 basis functions
[48] comprising both main-group and transition-metal
elements, the computational cost of evaluating ad-
vanced correlation energy models such as PT2 and op-
(OS-PT2),
(rPT2), and the strong-correlation correction model
(SCC15) in REST is comparable to that of a single self-
consistent field (SCF) iteration in a hybrid functional

posite-spin  variant renormalized PT2

calculation like BBLYP. This remarkable efficiency im-
plies that, by using REST, the accuracy of electronic
structure calculations can be elevated from the hybrid
functional level to that of high-accuracy xDHs at only a
modest additional cost, approximately equivalent to
one extra SCF iteration. Such a low overhead signifi-
cantly enhances the practicality of high-level methods
for generating precise and reliable data in production-
scale studies.

Due to its “disk-free” strategy and use of Rayon for
shared-memory parallelization, REST is currently con-
strained by the memory limits of individual compute
nodes. In the tests described above, the largest systems
required approximately 1 TB of memory. To overcome
this constraint, a hybrid MPI/Rayon parallelization
scheme has been preliminarily implemented, extending
REST’s capabilities to multi-node distributed-memory
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environments. Initial benchmarks show that this hy-
brid approach achieves excellent parallel efficiency for
conventional density functional methods. However, for
advanced functionals that involve intensive communi-
cation such as xDH methods, the parallel scalability re-
mains suboptimal. To mitigate this issue, we are active-
ly developing strategies that leverage the sparsity of in-
tegrals by improved RI techniques and incorporate ten-
sor low-rank decomposition methods. These algorith-
mic improvements aim to significantly reduce memory
and communication demands, thereby enabling larger
systems to be treated efficiently within a single node.
Promising progress has been made in this direction, and
detailed results will be reported in a forthcoming publi-
cation.

Enhancing usability with large language models. The
success of computational software often hinges on com-
prehensive user documentation and responsive techni-
cal support, resources that are typically beyond the ca-
pacity of medium-sized academic research groups. Coin-
ciding with the development of REST, rapid advances
in large language models (LLMs), such as ChatGPT,
DeepSeek, and Tongyi, have created new opportunities
to improve user experience with minimal manual inter-
vention.

To leverage these tools, we have systematically re-
structured the core architecture of REST, its input
structure, and key parameters into a well-organized
Markdown document (the README.md file in the
REST repository). This structured format allows LLMs
to effectively parse and reason over the software’s inter-
face. For instance, by uploading this document to plat-
forms like DeepSeek and providing task descriptions in
natural language, users can automatically generate
ready-to-run input files for REST. Notably, thanks to
the strong multilingual translation and comprehension
abilities of modern LLMs, the fact that the REST
README.md file is written primarily in Chinese (the
developers’ native language) poses no barrier to users
who wish to inquire about keyword usage and input
card syntax, or to generate task-specific input files in
other languages, such as English. This cross-lingual flex-
ibility significantly lowers the accessibility threshold for
international users.

FIG. 5 illustrates the workflow of employing an LLM
to generate and execute REST input files. As shown in
the example of calculating the energy of a CH4 molecule
with the XYG7 method, the LLM successfully trans-

© 2025 Chinese Physical Society


https://doi.org/10.1063/1674-0068/cjcp2510156
https://doi.org/10.1063/1674-0068/cjcp2510156
https://doi.org/10.1063/1674-0068/cjcp2510156
https://doi.org/10.1063/1674-0068/cjcp2510156
https://doi.org/10.1063/1674-0068/cjcp2510156

Chin. J. Chem. Phys., Vol. 38, No. 6

LLM

REST: Rust Programming Language for Modern Electronic Structure Theory

793

-
eted]

Xc =*xyg7”

basis_path = "/opt/rest_workspace/rest/basis-set-pool/def2-QZVPP"
auxbas_path = "opt/rest_workspace/rest/basis-set-pool/def2-SV(P)-JKFIT"
print level =1

num_threads = 10

spin=1

charge = 0.0

spin_polarization = false

\ 4

ﬂ Generate a REST input card for a ground-
state energy calculation of a methane (CHa)

README.md

molecule using the XYG7 method.

Methods Total Corr, 0S Corr, SS Corr

PT2 E —-08.31523446, -8.25576352, -0.05947094

Fifth-rung correlation energy : -0.119832402754 Ha
E[XYGY ]=: —-40.28742840 Ha, Ex[HF]:
Mulliken population analysis:

REST: Mission accomplished

- : B

[geom]

name = "CH4"
unit = "Angstrom"
position = """

C 0.000000 0.000000 0.000000

H 0.000000 0.000000 1.089000
H 1.026719 0.000000 -0.363000
H -0.513360 -0.889165 -0.363000

H-0.513360 0.889165 -0.363000 Input Card

-6.57818184 Ha, Ec[PT2 1]:

8-C : -8.144890 =-0.31523446 Ha
1-H ¢ 0.0836867
2-H 0.836054
3-H @.835984
4-H 9.0835984

—408.5423373947 Ha
—40.2874283976 Ha

The SCF energy
The (R)-xDH energy

| Output I

REST

FIG. 5 Workflow for generating and executing REST input with LLM assistance.

lates a user prompt written in Chinese into a syntacti-
cally correct and physically meaningful input file, with-
out requiring the user to have prior expertise in elec-
tronic structure theory. The generated input is then di-
rectly executed by REST to perform the computation,
yielding the desired molecular energy. This example
highlights how LLMs can bridge both knowledge and
language gaps, making advanced quantum chemical cal-
culations accessible to a broader range of researchers
with minimal learning overhead.

Developer-friendly features for method implementa-
tion. Electronic structure calculations rely heavily on
complex matrix and tensor operations. Although Rust
is a relatively young language in the domain of scientif-
ic computing and lacks mature libraries for such tasks,
its strong memory safety guarantees and powerful sup-
port for generic programming have enabled us to devel-
op dedicated matrix and tensor libraries—rest_tensors
and rstsr—tailored to the needs for quantum chemical
applications. These libraries provide a stable and high-
performance foundation for implementing cutting-edge
electronic structure algorithms within REST. For de-
tailed documentation, users are referred to the respec-
tive resources for rest_tensors [49] and rstsr [50].

The rest _tensors library is specifically designed for
two-dimensional matrix operations and numerical com-
putations, which are ubiquitous in quantum chemistry.
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However, Rust’s inherent emphasis on memory safety
imposes strict constraints on pointer manimpulation,
making it difficult to perform the low-level, “white-box”
style of direct memory access commonly available in
traditional languages like C or Fortran. To address this
issue, rest_tensors is carefully architected to support a
“white-box” operational paradigm, allowing users to di-
rectly inspect and manipulate matrix data, while fully
adhering to Rust’s safety principles. A key aspect of this
design is its adherence to the column-major memory
layout, identical to that used in Fortran. This ensures
optimal data locality and cache efficiency for many lin-
ear algebra operations, and enables seamless compati-
bility with established numerical libraries (e.g., BLAS,
LAPACK) that expect this standard memory ordering.
This is achieved by first leveraging Rust’s powerful
generics to abstract common matrix characteristics in-
to a BasicMatrix trait, which unifies the representation
of matrix dimensions and provides standardized data
access operations. Furthermore, the library makes ex-
tensive use of Rust’s iterator system to encapsulate and
implement zero-overhead, efficient indexing for various
matrix element access patterns, such as single or multi-
ple rows/columns, diagonal elements, and even arbi-
trary submatrices. FIG. 6 shows the corresponding code
for matrix data access and operations utilizing the
rest_tensors library. These features facilitate the conve-

© 2025 Chinese Physical Society
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ST

Tfer submatrix_example() {

// Create a column-major 4x4 full matrix with values from 1 to 16, which is column-major

let mut matr a: MatrixFull<f64> = MatrixFull::from vec(
size: [4,4],
new vec: (1..17).map(|x: 132] x as f64).collect::<Vec<f64>>()
) .unwrap();
// Display the initial state of matr_ a
println!("Display the initial state of matr a:");
matr_a.formated output(n len: 4, mat form: "full");

Testing Workflow

Using Rusts testing framework in
VSCode, clicking Run Test allows for
efficient, isolated testing of this
function without executing the full

// Create an iterator for the mutable submatrix with zero overhead BIOSIAI.

let iter_sub_matr_a: SubMatrixStepBy<IterMut<' , .>> = matr_a.iter submatrix mut(x: (1..3), y: (1..4));
// Modify each element in the submatrix by adding 0.25

iter_sub_matr_a.for_each(|x: &mut 64| *x += 0.25); IteratofDeﬁnltlon

// Display the updated matrix after modification
println! ("Display the updated matrix after modification:");
matr _a.formated output(n len: 4, mat form: "full");

iter sub matr a is an iferator over a
submatrix of matr a.

---- matrix::matrixfull::iter_submatrix_example stdout ----
Display the initial state of matr_a:

0, il 2, 3
0 1.000000, 5.000000, 9.000000, 13.000000
1 2.000000, 16.000000, 10.000000, 14.000000
2 3.000000, 17.000000, _ 11.000000,  15.000000
3 4.000000, §.000000, 12.000000, 16.000000
Display the updated matrix after modification: Functionalily |
0, s 7)) 3 J
0 1.000000, 5.000000, 9.000000, 13.000000 1 This iterator is used to wvisit and
1 2.000000, [6.250000, ~ 10.250000, 14 .55_066_01_ increment each element in the target
2 3.000000, 7.250000, _ _11.250000, _ _15.250000 | submatrix by 0.25.
3 4.000000, 8.000000, 12.000000, 16.000000

FIG. 6 Code paradigm for matrix access and manipulation via iterators in rest tensors.

il
Euv[D] = h,uv i+ Z Dm’l (guv,xll - ngc.w'l)
KA

let fock = &hcore + ((1.0_f64 * &int2e - 0.5_f64 * int2e.swapaxes(1, 2)) * &dm).sum_axes([-1, -2]);

Z FnCop = Z SuvCoptp
v

v

(mo_energy, mo_coeff) = rt::linalg::eigh((&fock, &ovip)).into();

Nocc

DVZZZC#

(3 ini

dm = 2.0_f64 * mo_coeff.i((.., ..nocc)) % mo_coeff.i((.., ..nocc)).1();

FIG. 7 Implementation of SCF iteration kernel using rstsr.

nient construction of matrix types common in quantum
chemistry, such as the general-purpose “struct Matriz-
Full’, and its specialized variants, such as triangular
and constant matrices. In this regard, rest tensors ad-
heres to a lightweight and open design philosophy, wel-
coming developers to customize matrix structures and
develop algorithms according to their computational
needs.

Complementing this, the rstsr tensor library— ini-

DOI: 10.1063/1674-0068 /cjcp2510156

tially developed by Dr. Zhu in our group— provides a
general-purpose framework for multi-dimensional ar-
rays. It adopts a highly abstract design philosophy, rep-
“black-box” that
enables NumPy-like vectorized operations in syntax.

resenting a interface to users

This approach allows for a clear separation between the
user-facing API and backend optimizations. As illus-
trated in FIG. 7, the self-consistent field (SCF) itera-
tion kernel can be implemented in as few as three lines

© 2025 Chinese Physical Society
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of code using the rstsr tensor library. This conciseness
demonstrates that REST is not only an efficient simula-
tion tool for production-level calculations, but also a
powerful and agile platform for methodological develop-
ment. By combining code safety with high-level expres-
siveness, REST allows developers to rapidly prototype,
test, and optimize new algorithms, ensuring that novel
theoretical approaches can be translated into high-per-
formance applications. This capability significantly ac-
celerates research cycles and solidifies REST s role as a
versatile tool for tackling frontier scientific challenges.
Concluding remarks. In summary, REST represents
a distinctive advancement in electronic structure soft-
ware by leveraging features of memory safety, high per-
formance, and built-in concurrency of the Rust pro-
gramming language. It integrates a wide spectrum of
density functional methods from mainstream DFAs to
advanced doubly hybrids, while offering efficient, scal-
able, and user-friendly computational tools tailored for
both production-level simulations and methodological
innovation. To further expand its versatility and appli-
cability, we are actively developing several key exten-
sions, including the implementation of a polarizable
continuum model (PCM) for implicit solvation effects
[51], the exact two-component (X2C) approach for rela-
tivistic corrections [52, 53], analytic gradients for xDHs
to enable efficient geometry optimizations, as well as
spectroscopic simulation capabilities such as infrared
(IR), Raman [54, 55], and nuclear magnetic resonance
(NMR) spectroscopy [56]. These ongoing efforts aim to
broaden REST’s scope across a wide range of chemical
environments and physical properties, reinforcing its
role as a next-generation, open-ended platform for cut-

ting-edge computational research.
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