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ABSTRACT

Background. Computational chemistry programs differ widely in method coverage, verification,

performance, licensing and deployment, and new AI-assisted platforms are marketed through capa‐

bility matrices that are rarely audited. Methods. We compared AiMolSim, a proprietary, self-hosted,

AI-assisted platform with an in-house C++ and CUDA engine (version 1.10.12), with 30 established

programs, using a public 99-capability matrix with every cell linked to official documentation, the

platform's 164-method validation register, vendor documentation and peer-reviewed software pa‐

pers. Programs were scored uniformly (Yes = 1, Partial = 0.5) and the ranking was tested under six

scenarios. Results. On the published matrix AiMolSim scored 84.5 of 99, ahead of the Schrodinger

Suite (73.0), AMS (70.0) and ORCA (64.5), and tied with ORCA, Q-Chem and TURBOMOLE (20.5 of 23) in

core electronic structure. Only 37 of its 164 methods (22.6%) reproduce printed literature values,

with 4 more checked against exact mathematics; two of ten domains have no check of either kind.

Scoring the 28 scientific entries that its own notes mark as unchecked as partial moves AiMolSim to

fourth (58.0); under a strict lower bound it ranks thirteenth (39.5). Its in-house engine replaces BLAS,

LAPACK, FFT, integral and functional libraries, offers an optional fixed-order mode with bitwise-

identical reruns and is licence-independent, but its published matrix-multiplication timings show

one shape at 1.13 to 1.20 times Intel MKL speed and other sizes slower, and its GPU kernels are not yet

in use. No settings-matched cross-code timing benchmark exists for any of the programs.

Conclusions. Feature counts measure implemented breadth and the criteria chosen by whoever

builds the matrix, not verified accuracy or performance. We propose reporting capability in three

evidence tiers (implemented, internally consistent, reproduces published values) and give a use-case

selection guide.

Keywords: computational chemistry software; quantum chemistry; software comparison;

reproducibility; validation; artificial intelligence; provenance; self-hosted computing
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The Paper in Four Sentences

On a sourced 99-capability matrix of 31 programs, the AI-native AiMolSim platform ranks first by implement‐
ed breadth and ties ORCA, Q-Chem and TURBOMOLE in core electronic structure. Only 37 of its 164 meth‐
ods reproduce published values, and when its own unchecked entries are scored as partial its rank falls to
fourth, or to thirteenth under a strict lower bound. Established codes lead on verified accuracy, GPU and mul‐
ti-node performance and scripting, while AiMolSim adds approval before execution, per-result provenance,
self-hosted data control and an in-house engine and math kernel that give bitwise-deterministic results but
are not yet competitive with vendor libraries in speed. Capability comparisons should therefore report evi‐
dence tiers, not feature counts.

1. Introduction

Computational chemistry software has grown over five decades from a handful of Hartree-

Fock codes into an ecosystem of general-purpose quantum chemistry packages, periodic

electronic structure codes, semiempirical and tight-binding programs, molecular dynamics

engines and cheminformatics toolkits [1-27]. Many of these programs were described in a co‐

ordinated series of software overviews in The Journal of Chemical Physics in 2020 and 2021

[2-10, 14, 18, 26], and their evolution has been reviewed in relation to the scientific problems

they were built to solve [28].

Two developments now change how such software is chosen. First, reproducibility has be‐

come a primary concern: even for a well-defined quantity such as the equation of state of ele‐

mental solids, agreement between codes had to be established through a dedicated commu‐

nity effort [30], and data infrastructures such as QCArchive [31], AiiDA [32] and the Atomic

Simulation Environment [33] were created partly to make calculations traceable and repeat‐

able in line with the FAIR principles [29]. Second, large language models (LLMs) are being

coupled to scientific tools, from autonomous experimental planning [35] to tool-augmented

chemistry agents [36] and a broad set of materials and chemistry applications [42].

Commercial products are appearing that combine an electronic structure engine with an AI

assistant, team workspaces, approval steps and per-result provenance.

These products are usually marketed through capability matrices that place a new platform

beside established programs. Such matrices are useful, but they carry three structural risks:

the criteria are chosen by the party being compared, a "Yes" can mean "implemented" rather

than "verified", and documentation of mature and new programs is not equally deep. No re‐

view that we are aware of has examined these risks using a fully sourced, cell-level matrix.

This review has three aims: (i) to compare one AI-native, self-hosted platform, AiMolSim,

with 30 established programs on a uniform, documentation-based basis; (ii) to test how sensi‐

tive the resulting ranking is to the choice of criteria and to the evidence behind each claim;

and (iii) to derive practical guidance for users selecting software and for developers reporting

capability.

2. Background: The Program Landscape

We group the 31 programs into seven classes (Table 1). General-purpose molecular quantum

chemistry programs, open source (PySCF [3], Psi4 [4], NWChem [6], GAMESS [7], OpenMolcas

[11, 51]) and proprietary (ORCA [1, 2], Gaussian 16, Q-Chem [5], TURBOMOLE [9], Molpro [8],

AMS/ADF [12], Jaguar [13], Spartan), provide Hartree-Fock, density functional theory (DFT)

[34, 38] with empirical dispersion corrections [37], perturbation and coupled cluster theory
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and molecular properties. Periodic codes (VASP [16], Quantum ESPRESSO [14], ABINIT [15],

CP2K [10]) target solids and surfaces with plane waves or mixed bases. Approximate electron‐

ic structure is covered by xtb [17], DFTB+ [18] and MOPAC [27]. Classical simulation is covered

by OpenMM [19], GROMACS [20], LAMMPS [21], AmberTools [22], CHARMM [25] and NAMD

[26]. Open Babel [23], RDKit and Avogadro 2 [24] provide cheminformatics, file conversion

and visualisation. The Schrodinger Suite is an integrated commercial platform that includes

Jaguar.

AiMolSim is the subject platform. According to its public documentation, it runs computa‐

tions only on servers the customer owns (no hosted compute), uses an in-house engine writ‐

ten in C++ and CUDA without third-party numerical libraries, exposes its functions through a

browser interface only (no public scripting API or command line), and uses an AI assistant

that drafts a computational plan which a person must approve before any job runs. The en‐

gine lists 164 methods in ten domains, each tagged Checked (reproduces printed values from

the source paper), Partial (code exists; unchecked parts badged), Unverified (built, no printed

check) or In build. Cross-engine agreement is reported against PySCF, Psi4, RDKit and Open

Babel at a stated tolerance of 1e-8 Eh for energies, with the referee programs run in a separate

test environment.

Table 1. The 31 programs reviewed, grouped by class.

Class Programs

Molecular quantum chemistry, open

source

PySCF, Psi4, NWChem, GAMESS, OpenMolcas

Molecular quantum chemistry, proprietary ORCA, Gaussian 16, Q-Chem, TURBOMOLE, Molpro, AMS (ADF), Jaguar,

Spartan

Periodic and materials VASP, Quantum ESPRESSO, ABINIT, CP2K

Semiempirical and tight binding xtb, DFTB+, MOPAC

Molecular mechanics and dynamics OpenMM, GROMACS, LAMMPS, AmberTools, CHARMM, NAMD

Cheminformatics and visualisation RDKit, Open Babel, Avogadro 2

Integrated platforms Schrodinger Suite; AiMolSim (subject of review)

3. Methods

3.1 Evidence Sources

The primary evidence was the public capability matrix maintained on the AiMolSim website

(aimolsim.com/compare), which compares 31 programs across 99 capabilities in seven cate‐

gories. Each non-AiMolSim cell carries a status (Yes, Partial, Planned, No, Outside the pro‐

gram, Not confirmed) and a short note, and is linked to the program's official manual, feature

list or repository (aimolsim.com/compare/sources). Cells for other programs were dated 26 to

29 October 2026; AiMolSim cells were dated 13 November 2026 and reflect engine 1.10.12. The

second source was the platform's method index, validation register and machine-readable

summary (aimolsim.com/methods, /validation and /llms.txt), retrieved on 13 November 2026.

All pages were archived as retrieved and the parsed matrix is provided as supplementary

data.

We did not run any of the programs. This is a documentation-based review: it measures what

each program documents, not how well it performs. Section 6 discusses this limitation. To

complement the matrix, we searched official release notes, manuals, licence texts and peer-
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reviewed software papers for each program (searches run on 13 November 2026) for version,

licence, performance and documented limitations, and the AiServa platform documentation

for the subject's deployment model [W1, W2]. We also reviewed web, cloud and AI-agent plat‐

forms that compete with the subject (Section 4.13) and the literature on numerical repro‐

ducibility between programs (Section 4.12).

The 31 programs are those in the published matrix, whose selection was made by the sub‐

ject's developer. They cover the main program classes, but several widely used codes are not

included, among them TeraChem and QUICK (GPU-native quantum chemistry), CFOUR and

MRCC (high-order coupled cluster), Dalton and DIRAC (response and relativistic methods),

FHI-aims, GPAW, SIESTA and CASTEP (periodic electronic structure), BAGEL, Desmond and

BIOVIA Materials Studio. Conclusions about "the field" are therefore limited to the 30 pro‐

grams compared.

3.2 Scoring

Each cell was scored Yes = 1, Partial = 0.5 and all other statuses = 0, the rule used by the ma‐

trix itself. "Outside the program" (a capability reached through an interface to another code)

was scored 0, because the comparison concerns what each program provides on its own.

Category scores and totals were computed for every program.

3.3 Sensitivity Scenarios

To separate the effect of the criteria and of the evidence behind each claim, the ranking was

recomputed under six scenarios. Scenario A uses all 99 published rows. Scenario B removes

seven workspace and platform rows for which no other program records a full Yes, except

one (compute server management, Yes for the Schrodinger Suite). The rows and the number

of other programs recording Partial are: AI planning with human approval (1), per-result

provenance record (0), PDF and Word report generation (4), team workspace and user rights

(1), AI models and document search (1), compute server management (2, plus one Yes) and

job queueing and scheduling (6; AiMolSim itself is Partial). These rows were added to the ma‐

trix by the subject's developer. Scenario C keeps only the 80 scientific rows (electronic struc‐

ture; basis sets, symmetry and SCF; structures, properties and spectra; simulation and sam‐

pling). Scenario D keeps the 80 scientific rows and counts an AiMolSim "Yes" as 0.5 whenever

the developer's own note for that cell contains "Unverified", "Unchecked" or "no printed"

check.

Scenario E repeats Scenario D but scores "Outside the program" as 0.5 for every program, to

avoid penalising modular ecosystems in which a capability is reached through an interface.

Scenario F is a lower bound for the subject: every AiMolSim scientific Yes is scored 0.5, be‐

cause no matrix row has yet been mapped to methods that are all at the Checked level, and

Section 4.5 shows that a matrix Yes can correspond to Partial methods. Scenario D is asym‐

metric by design: claims by the other 30 programs were not adjusted, because they describe

features of programs whose methods are documented in peer-reviewed software papers and

long user histories [1-27], whereas the AiMolSim notes themselves state that the feature has

not been checked. Scenario D is therefore still a favourable estimate for AiMolSim, since a

non-flagged "Yes" may still map to methods that the method index records as Partial.
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3.4 Verification Depth

The method index was used to count, per domain, the methods recorded as Checked, Partial,

Unverified and In build. We also extracted the cross-engine agreement figures and the list of

capabilities the developer states are not offered.

3.5 Conflict of Interest Handling

AiMolSim is developed by the authors' organisation (see Declarations). To limit bias, (i) every

number in this review is taken from a public, dated source that readers can check; (ii) the

subject developer's own scoring rule was applied unchanged before any adjustment; (iii) all

adjustments in Section 3.3 can only lower, never raise, the subject platform's score; and (iv)

internal inconsistencies found in the subject's documentation are reported (Section 4.5).

4. Results

4.1 Overall Coverage

Table 2. Capability scores by category for all 31 programs (Scenario A; Yes = 1, Partial = 0.5).

Rank Program Electronic

structure

(23)

Basis,

SCF (7)

Properties,

spectra (25)

Simulation,

sampling (25)

Workspace,

trust (14)

Platform

(3)

Licence

(2)

Total

(99)

1 AiMolSim 20.5 6 23 22.5 10 2.5 0 84.5

2 Schrodinger

Suite

15.5 6 20 20 9 2 0.5 73

3 AMS (ADF) 15.5 4.5 22 17.5 9.5 1 0 70

4 ORCA 20.5 6 22 10 5 0 1 64.5

5 TURBOMOLE 20.5 5 21 9.5 7 0 0.5 63.5

6 Q-Chem 20.5 5 22 10 4.5 0 0.5 62.5

7 CP2K 17 5 16.5 14.5 7 0 2 62

8 NWChem 18.5 5 14.5 14 5.5 0 2 59.5

9 GAMESS 19 4.5 15 10.5 4.5 0 1 54.5

10 Gaussian 16 18.5 5.5 18.5 5 5.5 0 0 53

11 Molpro 20 5.5 16 3.5 7 0 0 52

12 PySCF 18 6 12 6 4.5 0 2 48.5

13 Jaguar 14.5 4.5 18.5 4 6.5 0.5 0 48.5

14 OpenMolcas 14.5 5 15.5 4.5 5 0 2 46.5

15 Psi4 18 5 12.5 0.5 4.5 0 2 42.5

16 Spartan 14.5 4 11 4.5 6 1 0 41

17 ABINIT 10.5 3 11 7.5 4.5 0 2 38.5

18 VASP 11 2.5 11 8.5 5 0 0 38

19 Quantum

ESPRESSO

9 3 11 6.5 6 0 2 37.5

20 AmberTools 5.5 1.5 7.5 12.5 7.5 0.5 2 37

21 DFTB+ 8 0.5 7.5 6.5 5.5 0 2 30

22 CHARMM 1 0.5 7 12.5 6.5 0 1 28.5

23 MOPAC 5.5 1.5 10 4 4.5 0.5 2 28

24 LAMMPS 1 0 5.5 9.5 8 0 2 26
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Rank Program Electronic

structure

(23)

Basis,

SCF (7)

Properties,

spectra (25)

Simulation,

sampling (25)

Workspace,

trust (14)

Platform

(3)

Licence

(2)

Total

(99)

25 xtb 2 1 8 7 4 0 2 24

26 GROMACS 0.5 0 3.5 9.5 6.5 0 2 22

27 OpenMM 0 0 3 8.5 6 0 2 19.5

28 NAMD 1 0 2.5 8 7 0 1 19.5

29 Open Babel 0 0.5 2 5 4.5 0 2 14

30 Avogadro 2 0 0.5 2.5 4.5 4 0 2 13.5

31 RDKit 0 0 2 4 3.5 0 2 11.5
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Figure 1. Capability scores of the 31 programs by category (Scenario A). Bars are sorted by total

score.

Across all 2,970 non-subject cells, 1,025 (34.5%) were Yes, 408 (13.7%) Partial, 1,297 (43.7%) No

and 240 (8.1%) Outside the program, which reflects the specialisation of most programs.

General-purpose and integrated programs dominate the top of the ranking, and specialised

tools (molecular dynamics engines and cheminformatics toolkits) occupy the lower half.

Their low totals reflect scope, not quality: GROMACS, OpenMM and RDKit are leaders in their

own fields but were never meant to cover quantum chemistry.
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4.2 Category Analysis

Electronic structure. The four leading molecular codes are tied: ORCA, Q-Chem,

TURBOMOLE and AiMolSim each scored 20.5 of 23, followed by Molpro (20.0), GAMESS (19.0),

NWChem and Gaussian 16 (18.5), and PySCF and Psi4 (18.0). The category is near saturation

for mature programs; differences concern restricted open-shell Kohn-Sham, reduced-scaling

exchange, embedding, GW and real-time TDDFT. AiMolSim's matrix entry for restricted open-

shell methods is No, while ORCA, Gaussian 16, Q-Chem, TURBOMOLE, Molpro and AMS re‐

port Yes.

Structures, properties and spectra. AiMolSim (23.0 of 25) leads ahead of AMS, ORCA and Q-

Chem (22.0) and TURBOMOLE (21.0). Spectroscopic coverage (NMR, EPR, ECD/VCD/ROA, vi‐

bronic spectra, intersystem crossing rates) is broad across the leading proprietary codes.

Simulation and sampling. This is where the subject platform separates from molecular

quantum chemistry codes. AiMolSim scored 22.5 of 25, against 20.0 for the Schrodinger Suite,

17.5 for AMS, 14.5 for CP2K and around 10 for ORCA and Q-Chem. The lead comes from com‐

bining, in one program, molecular mechanics, periodic MD, enhanced sampling, free energy,

docking, machine-learned potentials, grid quantum dynamics and rate theory, capabilities

that the ecosystem otherwise spreads across AmberTools, GROMACS, OpenMM, LAMMPS

and dedicated cheminformatics tools.

Workspace, platform and licence. AiMolSim led workspace and trust (10.0 of 14) and plat‐

form (2.5 of 3), followed by AMS (9.5 and 1.0) and the Schrodinger Suite (9.0 and 2.0). It scored

0 on licence (proprietary; academic terms on request), as did Gaussian 16, VASP, Molpro, AMS

and Jaguar, while 17 programs are open source.

4.3 Distinctive and Missing Capabilities

Table 3. Capabilities marked Yes for AiMolSim that two or fewer other programs provide.

Capability Other programs with

Yes

AiMolSim note (developer)

pKa and Redox Potentials AmberTools,

Schrodinger Suite

pKa, redox vs SHE

End-Point Binding Energy

(MM/GBSA, MM/PBSA)

AmberTools MM/GBSA, MM/PBSA

Quantum Dynamics on Grids None DVR, wavepackets, tunnelling

Rate Constants and Tunnelling AMS (ADF),

Schrodinger Suite

CVT, SCT, RRKM, microkinetics, lattice KMC (ZGB y1/y2

window checked in the 1.9.2 gate)

AI Planning with Human Approval None Plans, waits for approval

Per-Result Provenance Record None Version, data checksums, sources

Report Generation (PDF, Word) None PDF and Word reports

Team Workspace and User Rights None Roles, rights, shared studies

Compute Server Management Schrodinger Suite Pair, update, remote; Add Server

AI Models and Document Search None Model management, hybrid search

Ten capabilities marked Yes for AiMolSim are offered by two or fewer of the other programs

(Table 3). Five are governance and workspace features that no other program in the matrix

provides: AI planning with human approval, per-result provenance, report generation, team

rights and AI document search. These answer real needs in regulated and team settings

(traceability and approval of computational work), and they parallel what workflow systems
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such as AiiDA [32] provide for scripted research. Grid quantum dynamics is unique in the ma‐

trix; rate constants with tunnelling, pKa and redox potentials, and end-point binding ener‐

gies are shared with one or two programs.

Table 4. Capabilities where AiMolSim is Partial or No in the matrix.

Capability AiMolSim

status

Developer note

Restricted Open-Shell (ROHF,

ROKS)

No RHF, UHF, RKS, UKS only

Reduced-Scaling DFT (COSX,

Fast Multipole)

Partial COSX, CFMM one level (Unverified)

Subsystem and Quantum

Embedding

Partial Projection (energy identity checked), FDE (Unverified)

GW and BSE Partial Molecular G0W0, evGW, BSE

Plane Waves and PAW Partial Norm-conserving PW, DFT+U, DFPT, Birch-Murnaghan EOS; no PAW

Density Fitting (RI) Partial RI-J (built-in aux), RI-JK (HF) and RI-MP2 with user or auto aux basis

Natural Bond Orbital Analysis Partial NHO, NLMO unverified

COSMO-RS and 3D-RISM

Thermodynamics

Partial COSMO-RS H C N O Cl (Unverified); COSMO-SAC core, not in tool

ZFS, Exchange Coupling,

Mossbauer

Partial ZFS (spin-orbit part checked); broken-symmetry J, Mossbauer built, not

yet run (Unverified); no magnetizability, MCD

X-Ray Absorption, Core Spectra Partial Delta-SCF, CVS, TP; no L edges

Polarisable, Coarse-Grained,

Reactive Force Fields

Partial Thole and Drude polarisation, EAM, Tersoff, SW; no coarse-grained

(MARTINI), no ReaxFF, no AMOEBA multipoles

Ab Initio MD (BOMD, CPMD) Partial BOMD up to 30 atoms; no Car-Parrinello, no xTB MD

QM/MM Partial Guided forms in Engine tools

Machine-Learned Potentials Partial Five architectures; own data only

Pharmacophore, Shape and

ADMET Filters

Partial Rules, ESOL; no shipped ADMET models

Python Scripting API No GUI only by design

GPU Acceleration Partial GPU J/K, off until measured

Multi-Core Execution on One

Machine

Partial Threaded math kernel, thread limit

Multi-Node Parallelism (MPI) Partial Own rank mesh to 64 ranks, not MPI; network speed-up unmeasured

Checkpoint and Restart Partial MD, sampling, distributed SCF

Linux, macOS, Windows

Support

Partial macOS and Windows; Linux build compiles, 6 regression cases differ, not

offered

File Format Import and Export Partial Engine reads 11, writes 8 (two unverified); app imports SMILES, MOL, SDF,

PDB, XYZ, exports CSV, XYZ, SDF, cube, JSON; no InChI write, Mol2, FCHK

Job Queueing and Scheduling Partial Built-in queue, fair share, fill gaps, split runs; not yet on a customer site; no

Slurm, PBS, LSF

Open-Source Licence No Proprietary

Free for Academic Use No Academic terms on request

Table 4 lists 25 capabilities that AiMolSim records as Partial or No. Several are central for pro‐

fessional users: no public Python scripting API (offered by 17 other programs), no Linux re‐

lease (Linux build compiles, six regression cases differ), parallelism through an in-house

rank mesh of up to 64 ranks rather than MPI with network speed-up not yet measured, GPU
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acceleration switched off until measured, plane-wave DFT without PAW datasets, and a job

scheduler bridge to Slurm, PBS and LSF still in build. The developer also lists capabilities not

offered, including PM6, PM7 and GFN-FF, CHARMM36 and ff19SB force fields, W1 and CBS-

QB3 composite methods, and InChI writing.

4.4 Verification Depth

Table 5. AiMolSim method verification status by domain (method index and engine page, engine 1.10.12,

evening of 13 November 2026). Checked (exact) means no paper prints a value and the method is checked

against exact mathematics or a brute-force recomputation; the developer counts it separately.

Domain Checked (printed

values)

Checked

(exact)

Partial Unverified In

build

Total Printed-value

share

Quantum chemistry 13 0 33 2 0 48 27%

Excited states and

spectroscopy

7 0 16 3 0 26 27%

Thermochemistry and

kinetics

6 0 11 1 0 18 33%

Molecular mechanics and

dynamics

4 1 10 2 0 17 24%

QM/MM and free energy 0 1 8 0 0 9 0%

Solvation 0 0 12 0 0 12 0%

Relativistic and magnetic 3 0 3 4 0 10 30%

Machine-learned potentials 0 0 2 2 0 4 0%

Cheminformatics 4 0 8 1 0 13 31%

HPC and clusters 0 2 3 1 1 7 0%

Total 37 4 106 16 1 164 23%

Figure 2. AiMolSim method verification status by domain.
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Of 164 methods, 37 (22.6%) are recorded as Checked against printed values, 4 (2.4%) as

Checked (exact), 106 (64.6%) as Partial, 16 (9.8%) as Unverified and one as In build (Table 5,

Figure 2). The developer introduced the separate exact-check badge on 13 November 2026,

moving one quantum chemistry method out of the printed-value category; we report both

categories and do not add them together. Verification is deepest in quantum chemistry (13 of

48 checked), where printed values are reproduced, for example UHF-CCSD(T) for the CN radi‐

cal against Watts, Gauss and Bartlett [41], RHF-CCSD for BeH2 against Purvis and Bartlett [40]

and frozen-core MP2 energies against Weigend and Haser [39]. Two domains, solvation (12

methods) and machine-learned potentials (4), contain no checked method of either kind;

QM/MM and free energy (9) and HPC and clusters (7) contain exact checks only (one and two

methods), for example a distributed SCF whose energy on 2 and 3 ranks equals the one-rank

energy within 1e-10 Eh.

Cross-engine checks are more extensive. The validation register reports that 354 of 419 quan‐

tum chemistry cases agree with PySCF within tolerance and the other 65 differ for causes the

developer has identified (for example, different published STO-3G exponent tables); the cor‐

responding figures are 65 plus 28 explained of 93 against Psi4, 988 plus 55 of 1,043 against

RDKit, and 616 plus 14 of 630 against Open Babel, measured with engine 1.10.4 on 11

November 2026. Agreement with an independent program is strong evidence of correct im‐

plementation where the methods overlap, but the developer's own summary states that

"Those programs cover far more methods today" [W1], so the cross-checks cover only part of

the claimed breadth.

4.5 Consistency of the Subject Documentation

Two inconsistencies were found between the matrix and the method index. Restricted open-

shell methods are "No" in the matrix but "ROHF and RO-KS [partial]" in the method index;

and "pKa and Redox Potentials" is "Yes" in the matrix while both pKa and redox methods are

Partial in the method index, and the solvation domain has no checked method. These do not

change the conclusions, but they show that matrix entries and method-level evidence can

drift apart in a fast-moving product, and that capability claims should be traceable to the

method level.

4.6 Sensitivity of the Ranking

Table 6. Ranking of AiMolSim under six scoring scenarios.

Scenario AiMolSim

rank

AiMolSim

score

Leading other programs (score)

A Published (99 rows) 1 84.5 Schrodinger Suite (73), AMS (ADF) (70), ORCA (64.5)

B Without seven workspace rows (92) 1 78 Schrodinger Suite (70), AMS (ADF) (68.5), ORCA

(64.5)

C Science only (80) 1 72 Schrodinger Suite (61.5), AMS (ADF) (59.5), ORCA

(58.5)

D Science, evidence-adjusted (80) 4 58 Schrodinger Suite (61.5), AMS (ADF) (59.5), ORCA

(58.5)

E Science, evidence-adjusted, Outside =

0.5 (80)

4 58 Schrodinger Suite (63), ORCA (60), AMS (ADF) (60)

F Science, lower bound: every

AiMolSim Yes = 0.5 (80)

13 39.5 Schrodinger Suite (61.5), AMS (ADF) (59.5), ORCA

(58.5), Q-Chem (57.5)
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Figure 3. Scores of the six leading programs under Scenarios A to D (Scenarios E and F in Table 6).

Only AiMolSim scores change in Scenario D relative to Scenario C.

Removing the seven vendor-defined rows (Scenario B) lowered AiMolSim's score from 84.5 to

78.0 and narrowed its lead over the Schrodinger Suite from 11.5 to 8.0 points; restricting to

scientific capability (Scenario C) gave a lead of 10.5 points (72.0 against 61.5). The ranking

changed only when evidence was taken into account. Of the 65 AiMolSim scientific "Yes" en‐

tries, 28 (43%) carry a note stating that part of the capability is unchecked or unverified.

Counting those as Partial (Scenario D) placed AiMolSim fourth with 58.0, behind the

Schrodinger Suite (61.5), AMS (59.5) and ORCA (58.5) and just ahead of Q-Chem (57.5) and

TURBOMOLE (56.0) (Table 6, Figure 3). Scoring "Outside the program" as 0.5 (Scenario E)

keeps AiMolSim fourth (58.0) behind the Schrodinger Suite (63.0), ORCA (60.0) and AMS

(60.0). The lower bound (Scenario F), which scores every AiMolSim scientific Yes as 0.5,

places it thirteenth with 39.5, close to Jaguar and PySCF. The subject's rank therefore lies be‐

tween 1 and 13 across the six scenarios. In Scenario D the top six programs are separated by

5.5 points, so the reasonable reading is that the leading general-purpose platforms are broad‐

ly comparable in documented scientific scope, and that AiMolSim's first place in the pub‐

lished matrix depends on counting implemented but unverified features.

4.7 Deployment, Interface and Licensing Models

The programs follow three deployment models: open-source libraries and executables driven

by input files or Python (PySCF, Psi4, CP2K, GROMACS, OpenMM, RDKit); licensed executa‐

bles with optional graphical front ends (ORCA, Gaussian 16, Q-Chem, TURBOMOLE, Molpro,

VASP); and integrated graphical platforms (Schrodinger Suite, AMS, Spartan, AiMolSim).

AiMolSim is distinctive in being GUI-only by design, with no public API, and in running only

on customer servers. The first choice lowers the barrier for non-specialists and keeps the AI

assistant inside an approval workflow, but it prevents scripted high-throughput use, integra‐

tion with workflow managers [31-33] and independent automated regression testing by users.
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The second choice addresses data sovereignty and confidentiality, a recurring requirement in

pharmaceutical and industrial research, but places hardware, operations and scaling on the

customer.

4.8 Performance and Hardware Evidence

No peer-reviewed, settings-matched timing benchmark across these programs was found in

our search. The nearest community effort, an unreviewed speed test, shows that default DFT

integration grids alone can change relative timings between codes [W12]. Published perfor‐

mance evidence is therefore program-specific, and we report it as such (Table 7). Precision

verification is better developed than speed: equation-of-state benchmarks first compared 40

solid-state codes and methods [30], and a reference set of 960 all-electron equations of state

now verifies nine pseudopotential approaches [44].

Table 7. Published performance and hardware evidence by program (no settings-matched cross-code

benchmark exists).

Program Performance and hardware evidence Source

AiMolSim Runs on customer macOS and Windows machines with NVIDIA GPU support; Linux

build compiles but six regression cases differ, so it is not offered. Own GEMM ran 1.13

to 1.20 times Intel MKL speed for one 256 by 4096 by 4096 product on 16 threads, and

0.63 to 0.74 of MKL for a 2048 square product. GPU Coulomb and exchange builds are

off until measured faster than the CPU. Multi-GPU and fast-LAN HPC are "design only";

split frequency jobs across servers recombine within 2.4e-4 cm-1.

Vendor

documentation

[W1]

PySCF GPU4PySCF adds GPU integrals, SCF, DFT, gradients, Hessians and solvation; Hartree-

Fock about two orders of magnitude faster than multithreaded CPU PySCF on one

A100, and comparable to GAMESS and QUICK on the same GPU.

[45, 46]

ORCA MPI parallel; RIJCOSX and DLPNO approximations reduce the cost of hybrid DFT and

coupled cluster; version 6 released 2024 to 2025.

[1, 2, 43]

Molpro MPI parallel; GPUs not supported or used (HPC site documentation). [8, W7]

Quantum

ESPRESSO

GPU port described in the 2020 software paper, aimed at exascale systems. [14]

VASP OpenACC GPU port on NVIDIA since 6.2; experimental OpenMP offload for AMD and

Intel in 6.6; one MPI rank per GPU; RPA, GW, linear response and BSE remain on CPU;

on-the-fly ML force fields.

[16, 47, W29]

Amber

(pmemd.cuda)

GPU explicit-solvent PME molecular dynamics at microsecond scale; strongest on

single GPUs.

[48]

OpenMM 8 134,099-atom protein-ligand system at 105 ns/day with only the 53-atom ligand on the

ANI-2x potential (hybrid ML/MM).

[49]

GROMACS 2025

and 2026

GPU-direct communication on by default (re-enabled in 2025.1 after crashes in 2025.0);

NVSHMEM halo exchange; backends CUDA, HIP, SYCL and deprecated OpenCL; AMD

HIP backend limited to nonbonded kernels in 2025.

[W8, W18]

NAMD 3.0 GPU-resident mode more than doubles single-GPU speed over GPU-offload; limited to

one node per replica.

[26, W9]

TURBOMOLE GPU offload of XC, seminumerical exchange, RI-K, GW and BSE in several modules;

vendor RI-DFT timing tables not compared with other codes.

[9, W6]

Gaussian 16 GPU acceleration on NVIDIA GPUs under Linux for HF and DFT only; A100 support

added in Rev. C.02.

[W5]

DFTB+ Single- and multi-GPU diagonalisation and density-matrix construction through

MAGMA.

[58]

Quantum

ESPRESSO 7.x

GPU port (OpenACC and CUDA Fortran) extended to phonons, HP and CP codes; AMD

and Intel offload planned.

[59]

LAMMPS GPU package (CUDA, OpenCL, HIP) and KOKKOS (CUDA, HIP, SYCL, OpenMP). [21]

NAMD 3.0

(scale)

224 million atoms (STMV tiling) demonstrated on Frontera and Summit in GPU-offload

mode.

[W31]
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Program Performance and hardware evidence Source

GAMESS Fragmentation runs on 128 to 512 Frontier nodes for 935 water molecules (exascale

project work).

[7]

For AiMolSim the evidence is notably candid but thin. The developer publishes one measured

kernel win and states that the kernel is slower than MKL elsewhere, that GPU acceleration

stays off until it is proven faster, and that distributed computation has been measured only

with local processes on one machine. By contrast, the established MD engines and several

electronic structure codes have years of published GPU and multi-node scaling. Writing all

dense linear algebra in-house, without MKL, OpenBLAS or cuBLAS, removes third-party de‐

pendencies but gives up decades of vendor tuning; on current evidence, AiMolSim should not

be chosen for throughput on large systems.

4.9 Strengths and Weaknesses of Each Program

Table 8 summarises the principal strengths and documented weaknesses of each program.

Weaknesses are drawn from the capability matrix (cells recorded as No), from official docu‐

mentation and from licence texts; they describe scope and conditions of use, not code

quality.

Table 8. Strengths and weaknesses of the 31 programs.

Program Principal strengths Documented weaknesses and limitations

AiMolSim Broadest single-program scope in the matrix;

AI planning with human approval; per-result

provenance; reports; team rights; self-hosted,

data stays on site; published per-method

verification status

Only 22.6% of methods checked against printed values

(25.0% including exact checks); no public API or command

line; no Linux release; MPI, multi-GPU and scheduler

bridge not released; GPU off by default; proprietary, no free

academic tier; no restricted open-shell in the matrix; no

PM6, PM7, CHARMM36 or ff19SB

ORCA Free for academic use; DLPNO coupled

cluster; RIJCOSX; spectroscopy and magnetic

properties; version 6.1.1 [W3]

Closed source; no periodic boundary conditions; no GPU

support in the 6.1 changelog; some DLPNO paths single

core; defaults and keywords change between versions

[W16]

Gaussian 16 Broad, standardised molecular methods;

GaussView; long user history

Paid licence with restrictive terms, including clauses

against use that assists competitors [W5]; no source licence

for some countries; GPU only for HF and DFT on NVIDIA

under Linux; B3LYP differs from VWN5 codes [52]

Q-Chem Excited states (EOM, ADC, TDDFT); energy

decomposition; wide functional range;

version 7.0 [W4]

Commercial; GPU acceleration through separately licensed

BrianQC; former SG-1 default grid inadequate for meta-

GGAs [54, W17]

TURBOMOLE Efficient RI-DFT, RI-MP2, CC2 and GW;

molecular and periodic DFT; TmoleX GUI

Proprietary; free teaching licence not usable for published

results; vendor benchmarks only

Molpro High-accuracy correlated, multireference

and F12 methods

No GPU support; paid licence; no periodic systems

AMS (ADF) Slater-type orbitals; ZORA relativistic; BAND,

DFTB and ReaxFF in one GUI; machine-

learned potentials (MACE, Orb, MatterSim,

FairChem) in AMS2025 and later [W10]

Commercial; not free for academics; partial GPU

Jaguar /

Schrodinger

Suite

Integrated drug discovery platform; Maestro

GUI; Python; ML force fields since release

2025-4 [W11]

High cost; closed source; Jaguar narrower than dedicated

QC codes; partial GPU

Spartan Teaching and desktop GUI; property database Small method scope; no API, GPU or multi-node; Spartan'26

single licence (up to 16 cores) from USD 1,800 academic

[W13]

PySCF Python library; broad molecular and

periodic Gaussian methods; GPU4PySCF

No GUI; limited MPI; Python overhead



Leong Claimed Versus Verified Capability

15

Program Principal strengths Documented weaknesses and limitations

Psi4 SAPT; density-fitted correlated methods;

Python and QCArchive integration

No periodic systems; no multi-node MPI; no GUI

NWChem MPI scalability; coupled cluster; plane-wave

DFT; QM/MM

Complex build; development shifting to NWChemEx; no

GUI

GAMESS FMO and EFP; many MCSCF and CC variants;

no cost

No-cost site licence but not open source; registration

required; older input format

OpenMolcas Multiconfigurational methods (CASSCF,

CASPT2, MC-PDFT); spin-orbit

Some Molcas modules not included in the open-source

release; molecules only; steep learning curve

CP2K Condensed-phase DFT MD; linear scaling;

QM/MM; GPU and multi-node

Hartree-Fock exchange too expensive with MOLOPT basis

sets unless ADMM is used [W28]; large input tree; hard

build

Quantum

ESPRESSO

Plane-wave DFT; DFPT phonons; GPU port;

large ecosystem

Plane-wave hybrid functionals expensive beyond a few

dozen atoms per cell; GPU port NVIDIA only, AMD and Intel

planned [59]

ABINIT DFPT; GW and BSE; electron-phonon

coupling; PAW

Periodic focus; partial GPU; no GUI

VASP PAW datasets; hybrid functionals; GW and

RPA; GPU; ML force fields

Licence per research group, centrally registered, not free;

RPA, GW, linear response and BSE not ported to GPU [W29];

closed source

xtb GFN methods; fast conformer and screening

workflows

Accuracy limited by parameterisation span, for example

failures for transition-metal hydride pKa [56]; minimal

basis; no multi-node; no GUI

DFTB+ Molecules and solids; electron transport; MPI Element coverage limited by Slater-Koster sets (3OB covers

15 elements); GPU through MAGMA only for

diagonalisation and density matrix [58]

MOPAC PM6 and PM7; MOZYME linear scaling; now

open source

PM7 over-binds van der Waals complexes of large

molecules (developer caveats) [W27]; barrier heights in

enzyme models off by about 10 to 15 kcal/mol [57]; no GPU

or multi-node

OpenMM Python-first; custom forces; GPU; ML

potentials through OpenMM-ML

No multi-node MPI; single precision shows systematic

energy drift; double precision slow on some GPUs [W19]

GROMACS Leading biomolecular MD performance on

GPUs and clusters; free energy

Command line only; trajectories not bitwise reproducible

[W18]; distributed GPU PME pending validation [W18];

steep learning curve

LAMMPS Very broad materials and soft-matter models;

KOKKOS portability; ML interatomic

potentials

Biomolecular setup less convenient; build complexity with

ML packages

AmberTools /

Amber

Biomolecular force fields; pmemd.cuda GPU

MD; MM/GBSA

pmemd licence for commercial users; multi-GPU gains

mainly for replica methods

CHARMM Reference CHARMM force fields; wide

methods including QM/MM

Old scripting language; steep learning curve; not open

source

NAMD Scalable MD; GPU-resident mode; VMD

integration

GPU-resident limited to one node per replica; QM only

through external programs

RDKit Standard open cheminformatics toolkit;

Python and C++

No QM or MD; default embedding gives low-quality

conformers for macrocyclic peptides (preprint) [W30]

Open Babel Conversion among more than 100 file formats Infrequent releases; no QM

Avogadro 2 Free GUI builder and input generator for QM

codes

Not a compute engine; platform-specific bugs in recent

releases [W14]

4.10 AI and Machine Learning Across the Field

Machine learning is now present in most major programs, but in two different roles. The first

is machine-learned potentials that replace or accelerate electronic structure: VASP trains

force fields on the fly [47], OpenMM 8 runs ML potentials inside MD [49], AMS2025 integrates
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MACE, Orb, MatterSim and FairChem [W10], and Schrodinger releases include ML force fields

[W11]. The second is language-model agents that plan and run computations: Coscientist

planned and executed experiments [35], ChemCrow connected an LLM to 18 chemistry tools

[36], and El Agente builds quantum chemistry workflows from natural-language requests,

with high task success in its evaluation but a narrow set of calculation types [50]. AiMolSim

belongs to the second group, with one difference from these research agents: its assistant can

only draft a plan, and a person must approve it before anything runs. That makes it a gov‐

erned product feature rather than an autonomous agent. Its machine-learned potentials are

restricted to the user's own training data and have no checked method.

The AiMolSim assistant documents further safeguards: it creates a study, molecule and draft

plan but queues nothing until a person presses Start, with an extra cost confirmation for

large estimates; it quotes only stored results with numbered citations; suggested literature

must match author, year and title in Crossref or is dropped; AI-proposed structures are vali‐

dated by the engine and compared with PubChem, including stereo and isotope agreement;

outside content is treated as data, never as instructions; suggestion chips are limited to an al‐

lowlist; and behaviour and safety cases run in an offline test gate before each release [W1].

Reports are blocked when a number cannot be traced to a stored result. On security, the de‐

veloper states two open limits: several organisations sharing one GPU are not isolated, so this

is not offered, and a two-factor policy re-check on organisation switch is pending [W32]. The

developer also lists, as not planned by design, a user scripting API or command line, hosted

compute, models trained on other groups' data and parameters without a published source

[W1].

4.11 Current Versions, Licences and Prices

Table 9 lists the current release, licence and published price of every program, checked on of‐

ficial release pages, repositories and price pages on 13 November 2026 [W15]. Seventeen pro‐

grams are free and open source. Of the proprietary programs, ORCA is free for academic and

personal use, GAMESS is distributed at no cost under a site licence that is not open source,

and TURBOMOLE offers a free teaching licence that may not be used for published results.

Gaussian, VASP, Q-Chem, AMS, Jaguar and the Schrodinger Suite are sold by quote or regional

price list. AiMolSim publishes no prices and offers academic terms on request.

Table 9. Current versions, licences and prices (official pages, 13 November 2026).

Program Current version

(date)

Licence Price Platforms

AiMolSim Engine 1.10.12

(2026-11)

Proprietary Not published; academic terms on

request

macOS, Windows

(Linux not

offered)

PySCF 2.15.0 (2026-11-05) Apache-2.0 Free Cross-platform

Python

Psi4 1.11 (2026-06-29) LGPL-3.0 Free Cross-platform

NWChem 7.3.1 (2025-11-06) ECL-2.0 Free Cross-platform

GAMESS 2024 R2 (latest

confirmed)

No-cost site licence, not

open source

Free after registration Cross-platform

OpenMolcas 26.10 (2026-10-15) LGPL-2.1 Free Cross-platform

CP2K 2026.2 (2026-07-15) GPL-2.0 Free Linux mainly

Quantum

ESPRESSO

7.6 (GitHub mirror,

2026-07-09)

GPL-2.0 Free, registration to download Cross-platform
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Program Current version

(date)

Licence Price Platforms

ABINIT 10.8.3 (2026-08-07) GPL-3.0 Free Cross-platform

xtb 6.8.0 (2026-11-05) LGPL-3.0 Free Cross-platform

DFTB+ 25.1 (2025-12-18) LGPL Free Cross-platform

MOPAC 23.2.5 (2026-05-03) Apache-2.0 Free Cross-platform

OpenMM 8.6.1 (2026-09-11) MIT and LGPL Free Cross-platform

GROMACS 2026.4 (2026-10-02) LGPL-2.1 Free Cross-platform

LAMMPS Stable 30 Sep 2026,

update 1

GPL-2.0 Free Cross-platform

AmberTools /

Amber

AmberTools26 /

Amber26 (2026)

AmberTools mostly GPL;

Amber separate licence

Amber free for non-commercial

academic use; industrial licence paid

Linux, macOS

RDKit 2026.09.2 (2026-11-

05)

BSD-3-Clause Free Cross-platform

Open Babel 3.2.1 (2026-07-11) GPL-2.0 Free Windows,

macOS, Linux

Avogadro 2 2.1.0 (2026-10-23) BSD-3-Clause Free Windows,

macOS, Linux

ORCA 6.1.1 (2025-12) Proprietary EULA Free academic and personal;

commercial by quote (FACCTs)

Windows,

macOS, Linux

Gaussian 16 Rev. C.02 Proprietary Regional price lists; no source licence

for some countries

Linux, Windows,

macOS

Q-Chem 7.0 (2026) Proprietary seat, cluster

or unlimited

Quote; free trial Linux, macOS,

Windows

VASP 6.6.x (2026) Proprietary, centrally

registered

Quote (academic VASP GmbH,

commercial Materials Design)

Linux mainly

TURBOMOLE 8.0.1 Proprietary perpetual Store prices; free teaching licence not

for published results

Linux, Windows,

macOS

Molpro 2026.1 (2026-06) Proprietary Group licence (published academic

price EUR 1,700 first year, EUR 1,500

per year after; may be outdated)

All modern

platforms

AMS (SCM) AMS2026 Proprietary Quote; 30-day trial Windows, Linux,

macOS Apple

silicon

Jaguar /

Schrodinger

Suite

Release 2026-4 Proprietary Quote Linux, Windows,

macOS ARM64

Spartan Spartan'26 Proprietary Single licence up to 16 cores: USD

1,800 academic, 3,600 government,

5,400 commercial

Windows,

macOS, Linux

CHARMM Yearly releases Free academic

CHARMM; commercial

CHARMm via BIOVIA

Free academic; commercial by quote Linux, macOS

NAMD 3.0.3 (2026-07) NAMD licence, source

available

Free non-commercial Many platforms

4.12 Numerical Reproducibility Across Programs

Several documented pitfalls mean that two programs running the "same" method do not nec‐

essarily compute the same number, and they bear directly on any comparison. First, density

functional definitions differ: B3LYP uses the VWN5 local correlation in ORCA and

TURBOMOLE but VWN3 in Gaussian, which changes total energies [52]; ORCA offers a sepa‐

rate keyword for the Gaussian form [W16]. Second, integration grids matter: default grids
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caused errors of several kcal/mol for meta-GGA reaction energies with the M06 suite [53], Q-

Chem now recommends larger grids than its former SG-1 default for meta-GGAs [W17], and

pruned grids are not rotationally invariant, so that rotating a transition state changed a pre‐

dicted selectivity from 62:38 to 99:1 in one study . Third, approximations have their own er‐

rors: ORCA documents separate RI and COSX grid errors for RIJCOSX [W16]. Fourth, in molec‐

ular dynamics, GROMACS, AMBER, LAMMPS, DESMOND and CHARMM agreed to better than

0.1% in energies only after settings were reconciled, with different Coulomb constants

among the largest discrepancies [54]; GROMACS states that trajectories are in principle not

bitwise reproducible across runs [W18], and OpenMM documents a systematic energy drift in

single precision (3.98 kJ/mol/ns against 0.217 for mixed and 0.001 for double precision) [W19].

For periodic DFT, a 960-structure all-electron reference set now allows precision to be veri‐

fied across implementations [44].

These pitfalls matter for AiMolSim in two ways. Its cross-engine agreement figures are mean‐

ingful because they state the tolerance and trace every explained difference to a cause, such

as differing published STO-3G exponent tables. Its developer also reports that an atomic size

adjustment measured worse on its Coarse and Normal grids and is not applied there, which

shows the same grid sensitivity documented for other codes.

4.13 Cloud, Web and AI Platforms

AiMolSim also competes with web and cloud platforms and with research AI agents (Table

10). Rowan is a browser platform with hosted, credit-metered compute (1 credit per CPU

minute, 3 per GPU minute and 7 per H100 or H200 minute, USD 0.04 per extra credit, a free

weekly allowance), a Python API on every tier and a single-tenant enterprise option [W20].

WebMO is a self-hosted web front end to existing engines such as Gaussian, ORCA, NWChem,

Q-Chem, VASP and xTB, sold as one-time licences (Pro USD 1,200 academic or 3,000 commer‐

cial; Enterprise USD 2,400 or 6,000; a free Basic edition; cloud from USD 25 per month) [W21].

Schrodinger LiveDesign is a collaborative design platform whose managed compute runs in

the customer's cloud account or on Schrodinger-hosted systems [W22]. Materials Square of‐

fers cloud materials and chemistry simulation [W23]. SAMSON is a desktop design platform

with an AI help assistant, Python SDK and credit-based remote jobs [W24]. AiiDA [32] and

Atomate2 [55] provide self-hosted, scriptable workflows with provenance as a core design

goal. Among research agents, El Agente builds and runs quantum chemistry workflows from

natural language and exports action traces [50], ChemCrow connects an LLM to chemistry

tools and a cloud robotic platform [36], and Coscientist planned and executed coupling reac‐

tions [35]. ChemCrow and Coscientist discuss human oversight and safety measures [35, 36],

but in our search we found no documentation that any of these agents requires approval of

each computation before it runs. Among the platforms in Table 10, AiMolSim is the only one

for which we found documentation of all four of AI planning, mandatory human approval,

per-result provenance and self-hosted compute; because several competitor cells are "not

documented", this is a statement about documentation, not proof of absence. AiMolSim is

also the only platform in the table without any scripting API.

Table 10. Web, cloud and AI platforms compared with AiMolSim (official pages and papers, 13 November

2026).

Platform Compute model AI planning Human

approval

Provenance Scripting API Public

price

AiMolSim Self-hosted only Yes Mandatory Per result, with

report gate

None by

design

No
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Platform Compute model AI planning Human

approval

Provenance Scripting API Public

price

Rowan Cloud; single-

tenant option

Agentic

offering

Not

documented

Not documented Python Credit rates

WebMO Self-hosted or

cloud

No Not applicable Not documented Not

documented

Yes

Schrodinger

LiveDesign

Customer cloud or

vendor-hosted

Not

documented

Not

documented

Access controls Not

documented

No

Materials Square Cloud No Not applicable Not documented Not

documented

No

SAMSON Desktop plus cloud

credits

Help assistant Not

documented

Not documented Python SDK No

AiiDA, Atomate2 Self-hosted, open

source

No Not applicable Yes (AiiDA core

design)

Python Free

El Agente,

ChemCrow,

Coscientist

Research code Yes Not

documented

Action traces (El

Agente)

Research

code

Not

applicable

Machine-learned potentials are also being packaged as deployable services. NVIDIA

ALCHEMI provides a containerised GPU engine for batched geometry relaxation with MACE,

AIMNet2 and TensorNet models [W25], and Meta released the OMol25 data set of more than

100 million quantum chemistry calculations together with the UMA models under research

licences [W26]. Such models compete with the fast tiers of electronic structure programs, and

AiMolSim deliberately does not ship models trained on other groups' data.

4.14 The AiMolSim Engine and Math Kernel Compared With Other Engines

Capability matrices compare what programs offer; they say nothing about how the numbers

are produced. Because the subject platform makes an unusual architectural choice, writing

its own numerical foundation instead of linking established libraries, we compare the inter‐

nal numerical stack of the VYROX Chemistry Engine (version 1.10.12) and its VYROX Math

Kernel with those of other engines, using the developer's engine and math-kernel documen‐

tation [W1, W33] and the build documentation and software papers of the other programs

[W34].

Architecture. The AiMolSim engine is organised in three layers that call only downwards: an

engine layer of 185 tools in 19 modules with input checks, explicit refusals and a provenance

record on every result; a core layer (data, geometry, graph, chemistry, force fields, quantum

chemistry, exchange-correlation, dispersion, machine-learned potentials, docking); and a

kernel layer (base, linear algebra, FFT, grids, optimisation, integrals, GPU). It is written in C++

and CUDA and, according to its developer, links no third-party numerical library: no MKL,

OpenBLAS, BLIS, Eigen, Accelerate or cuBLAS, no FFTW, and integral, exchange-correlation

and dispersion code written from the published papers, which are cited in the source [W33].

The engine rejects unknown input keys instead of ignoring them, and records the math-ker‐

nel mode, instruction set and thread count with each result.

How other engines are built. Most established programs assemble their numerical stack

from shared, separately published libraries (Table 11). Psi4 requires BLAS and LAPACK

(searching for MKL first), Libint2 for integrals, gau2grid for grid collocation, Libxc for func‐

tionals and s-dftd3 for dispersion. PySCF evaluates integrals with libcint [64] and relies on

NumPy and SciPy for linear algebra. CP2K requires the DBCSR sparse-matrix library [79] and

ScaLAPACK, with optional ELPA [62], COSMA [63], Libint2 and Libxc [34]. Quantum ESPRESSO
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and VASP require BLAS, LAPACK, ScaLAPACK and FFTW [71] or vendor equivalents. NWChem

can build OpenBLAS, ScaLAPACK and ELPA and link Libxc. ORCA, a closed-source code, gen‐

erates and processes integrals with its own SHARK library [65], into which Libint was inte‐

grated from version 5, and uses Libxc for functionals. GPU-native codes write their own inte‐

gral kernels: TeraChem builds on the GPU algorithms of Ufimtsev and Martinez [66-68],

QUICK on GPU electron repulsion integrals and DFT [69, 70], and GPU4PySCF accelerates

PySCF on NVIDIA GPUs [45, 46]. Among the engines whose numerical stacks are publicly doc‐

umented (Table 11), only the GPU-native integral engines and ORCA's SHARK own their inte‐

gral code as the AiMolSim engine does, and none also replaces BLAS, LAPACK and FFT li‐

braries with in-house code; TeraChem is closed source and does not disclose its linked

libraries.

Table 11. Internal numerical stacks of the VYROX Chemistry Engine and selected engines (developer docu‐

mentation, build guides and software papers; 13 November 2026). Gaussian 16, Q-Chem, TURBOMOLE,

Molpro, GAMESS and TeraChem do not document their linked libraries publicly and are omitted.

Engine Language Dense linear

algebra

Distributed Integrals Exchange-

correlation

FFT GPU

VYROX

Chemistry

Engine

(AiMolSim)

C++, CUDA Own (VYROX

Math Kernel)

Own rank mesh,

up to 64 ranks;

no MPI, no

ScaLAPACK

Own (Obara-

Saika route as

cross-check;

Haser-

Ahlrichs

screening)

Own Own (radix-2,

mixed radix,

Bluestein;

CUDA

Stockham)

Own CUDA J

and K, off by

default

Psi4 C++,

Python

External (MKL

preferred)

None Libint2 Libxc Not applicable Limited

PySCF /

GPU4PySCF

Python, C External via

NumPy/SciPy

Limited

(mpi4pyscf)

libcint Libxc or

XCFun

Not applicable GPU4PySCF

CUDA kernels

ORCA Closed

source

Not disclosed MPI Own SHARK

with Libint

integrated

Libxc Not applicable No GPU

support

documented

(6.1)

CP2K Fortran, C External DBCSR,

ScaLAPACK,

optional ELPA

and COSMA

Libint2

(optional)

plus own

GPW

Libxc

(optional)

FFTW CUDA and

HIP backends

NWChem Fortran, C External (can

build

OpenBLAS)

Global Arrays,

ScaLAPACK,

ELPA

Own Own or

Libxc

Plane-wave

module

CCSD(T)

kernels

Quantum

ESPRESSO

Fortran External

(vendor

recommended)

ScaLAPACK,

ELPA

Plane waves Own or

Libxc

FFTW OpenACC and

CUDA

Fortran

VASP Fortran External

(mandatory)

ScaLAPACK

(mandatory)

Plane waves Own FFTW or

vendor

(mandatory)

OpenACC;

OpenMP

offload

DFTB+ Fortran, C External ScaLAPACK, ELSI Not

applicable

Not

applicable

Not applicable MAGMA

QUICK Fortran,

C++, CUDA

External MPI Own GPU ERI

engine

Own GPU

quadrature

Not applicable CUDA multi-

GPU

GROMACS C++ Bundled or

external BLAS

and LAPACK

MPI domain

decomposition

Not

applicable

Not

applicable

FFTW, MKL or

bundled

CUDA, HIP,

SYCL

LAMMPS C++ Not required for

core

MPI Not

applicable

Not

applicable

FFTW3, MKL,

KISS; cuFFT,

hipFFT with

KOKKOS

GPU and

KOKKOS

packages
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Dense linear algebra. The AiMolSim GEMM uses packed, cache-blocked matrix multiplica‐

tion with register-tiled micro-kernels selected at run time for Apple SME, ARM NEON or a

scalar path [W33]. This is the same design that underlies GotoBLAS, OpenBLAS and BLIS, in

which operands are packed into contiguous panels sized for each cache level and a small as‐

sembly or intrinsic micro-kernel does the arithmetic [60, 61]. What distinguishes production

libraries is the per-architecture tuning of block sizes and micro-kernels. The single published

measurement shows both sides: a 256 by 4096 by 4096 double-precision product on 16 threads

ran 1.13 to 1.20 times as fast as Intel MKL on the same machine, while a 2048 by 2048 product

ran at 0.63 to 0.74 of MKL speed, and the developer claims no parity [W33]. The GEMM micro-

kernels are documented for Apple SME, ARM NEON and a scalar fallback; no x86 (AVX2 or

AVX-512) GEMM micro-kernel is listed, although the FFT has an AVX2 stage. The hardware

used for the published MKL comparison is not stated; because MKL targets x86 processors,

the documentation should state which micro-kernel produced that result and which path x86

servers use. One preprint reports that just-in-time SME kernels on Apple M4 processors ex‐

ceed vendor BLAS in many tested configurations (see the note on unreviewed reports).

Eigensolver. The AiMolSim symmetric eigensolver performs blocked Householder tridiago‐

nalisation [72, 80] followed by the implicit QL algorithm [73], with an optional deterministic

order that gives identical bits on reruns. The developer's HPC page also cites the divide-and-

conquer methods of Cuppen [74] and Gu and Eisenstat [75], but the math-kernel page de‐

scribes only QL. Production libraries offer faster alternatives for the eigenvectors that SCF

needs: LAPACK provides divide-and-conquer (dsyevd) and relatively robust representation

(dsyevr) solvers, and ELPA's two-stage reduction is designed for massively parallel electronic

structure work [62]. QL with eigenvector accumulation scales as O(n^3) with a larger constant

than divide-and-conquer or MRRR; the cost is small next to integral evaluation for the few

hundred to few thousand basis functions of typical molecular work, but it becomes a disad‐

vantage for large systems, and the developer publishes no eigensolver timings.

Integrals and GPU. The developer documents direct, screened Coulomb and exchange builds

on the GPU up to d functions and GPU RI-J three-centre integrals, following Ufimtsev and

Martinez [66, 67] and Haser and Ahlrichs screening [76], with Obara-Saika recursion [77] as a

cross-check route. These kernels are badged Unverified and stay switched off until measured

faster than the CPU [W33]. By comparison, GPU integral engines in TeraChem, QUICK and

GPU4PySCF support higher angular momentum (QUICK reached f functions and beyond for

ERIs and derivatives [70]) and have published speed-ups, for example Hartree-Fock speed-ups

of about two orders of magnitude on one A100 GPU relative to multithreaded CPU PySCF, as

reported by its developers for their test systems [45]. The CPU integral code, not the GPU,

therefore carries AiMolSim's production work today.

Fourier transforms and distributed work. The engine implements its own FFT (radix-2,

mixed radix and Bluestein, with an AVX2 stage on the CPU and a Stockham CUDA kernel) in‐

stead of FFTW [71], whose planner adapts algorithms to the hardware; the developer states

that its CUDA FFT is not claimed faster than the CPU [W1]. Distributed SCF runs over an in-

house rank mesh of up to 64 ranks, with energies on 2 and 3 ranks equal to the single-rank en‐

ergy within 1e-10 Eh, but without MPI, ScaLAPACK, ELPA or measured network speed-up

[W1]. Established codes reach thousands of nodes through MPI and distributed libraries such

as ScaLAPACK, ELPA, DBCSR, COSMA and MAGMA [62, 63, 78, 79], as the GAMESS and NAMD

scale results in Table 7 show.
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Reproducibility. The engine offers an optional mode with a fixed summation order in which

one and four threads, and repeated runs with the same number of ranks, give bitwise identi‐

cal results, and every result records the kernel mode and instruction set [W33]. Most engines

inherit floating-point summation order from their BLAS and threading libraries; Intel MKL

offers an optional conditional numerical reproducibility mode for this reason [W35], and

GROMACS states that its trajectories are not bitwise reproducible by design [W18]. Bitwise re‐

producibility on fixed hardware does not imply agreement across processors or with other

programs, which is why the cross-engine checks in Section 4.4 remain necessary.

Table 12. Trade-offs of writing the numerical foundation in-house versus linking established libraries.

Dimension VYROX engine and math kernel (own code) Engines built on established libraries

Auditability and

licensing

Every routine is in-house and cited to its source

paper; no third-party binary or licence in the

numerical path

Libraries such as BLAS, LAPACK, Libint, libcint,

Libxc and FFTW are open, peer-reviewed and

audited by many users; proprietary vendor

libraries are closed

Correctness

assurance

One team tests every kernel (micro-kernel versus

triple loop, threads versus single thread,

residuals); exposure is limited to one user base

Libraries are exercised by thousands of users and

codes, and errors are found and fixed across the

community

Performance One measured GEMM shape faster than MKL; a

2048 square product 0.63 to 0.74 of MKL and other

sizes slower; GPU J and K off; x86 GEMM micro-

kernel not documented

Vendor BLAS and cuBLAS run close to hardware

peak and are tuned per processor generation;

mature GPU integral engines publish large speed-

ups

Scalability Own rank mesh to 64 ranks, no MPI; split

frequency jobs across servers

MPI with ScaLAPACK, ELPA, DBCSR and COSMA to

thousands of nodes

Reproducibility Optional fixed-order mode with bitwise-identical

reruns on the same hardware; kernel mode

recorded per result

Depends on library settings; optional

reproducibility modes (for example MKL CNR);

MD engines generally non-deterministic on GPUs

Portability Same source on macOS and Windows, CPU and

CUDA; Linux build has six differing regression

cases

Linux is the primary platform for most HPC codes;

broad CPU and GPU vendor coverage

Maintenance

burden

The developer must re-implement and re-tune for

each new processor feature

Improvements in shared libraries reach every

dependent code

Section 4.14 relies entirely on vendor self-reports; we made no measurements. Taken togeth‐

er, the AiMolSim engine and math kernel are a documented in-house design. They buy au‐

ditability, licence independence, deterministic results and a single code base for macOS and

Windows, at the cost of performance, scalability and the community testing that shared li‐

braries receive (Table 12). On current published evidence the kernel does not match vendor

libraries outside one matrix size, and its GPU path is not yet in production use. Independent

benchmarking of the engine against PySCF, Psi4 and ORCA on common molecules, hardware

and settings, which the developer has not yet published, is the most important missing

evidence.

4.15 Gap Analysis

Table 13. Gap analysis.

Gap Findings

Gaps AiMolSim

fills in the market

Approval before execution, provenance per result and reports printed from stored rows in one

product; molecule-scale QM, MM, sampling and cheminformatics in one self-hosted workspace; plain

publication of unchecked status
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Gap Findings

Gaps in AiMolSim

relative to the

market

Verification depth (75% of methods not checked against printed values or exact results); no scripting

API, so no high-throughput or workflow-manager use; no Linux, MPI, multi-GPU or scheduler release;

unproven performance; no free academic tier; missing standard methods (ROKS in the matrix, PM6,

PM7, PAW, CHARMM36, ff19SB, W1, CBS-QB3)

Gaps in

established

programs

Little built-in governance (approval, audit, team rights); provenance usually needs external workflow

systems [31-33]; steep learning curves and command-line interfaces; restrictive licences for several

commercial codes

Gaps in the field No settings-matched, peer-reviewed cross-code timing benchmark; capability matrices without

evidence tiers; no shared standard for reporting what AI assistants may run without human approval

5. Discussion

5.1 Feature Counts Measure Breadth, Not Accuracy

The central finding is that a uniform, fully sourced matrix still ranks programs mainly by

how much they implement and by which criteria are included. For mature programs, docu‐

mented features rest on peer-reviewed implementations and years of external use [1-27]; for a

new engine, the same "Yes" may describe code that has not yet reproduced a published num‐

ber. The 22.6% printed-value share of AiMolSim methods is not a criticism of transparency:

the developer publishes its own unchecked and unverified status, which made this analysis

possible. It is a reminder that a capability matrix without evidence tiers cannot separate the

two situations.

5.2 A Three-Tier Reporting Proposal

We propose that capability comparisons report each cell in three evidence tiers: (T1) imple‐

mented and documented; (T2) internally consistent, meaning the program satisfies exact

identities or agrees with an independent program within a stated tolerance; and (T3) repro‐

duces published reference values from the method's source or a community benchmark,

with the source and tolerance cited. AiMolSim's Checked status corresponds to T3 and its

cross-engine agreement to T2. For established programs, T2 and T3 evidence exists in bench‐

mark literature and community projects [30, 31] but is rarely linked to feature lists. Reporting

tiers would let users weigh breadth against verification and would reward the published-val‐

ue checking that the reproducibility literature calls for [29, 30].

5.3 Where AI-Native Platforms Add Value

The governance features that only AiMolSim offers in the matrix (approval before execution,

provenance per result, reports printed from stored rows, team rights) address risks that grow

as LLM agents are connected to scientific tools [35, 36, 42]: unreviewed execution, untrace‐

able defaults and unreproducible reports. A human-approval step is a practical safeguard

that matches the precautions discussed for autonomous chemical agents [35, 36]. These fea‐

tures are, however, orthogonal to scientific capability, and established programs reach simi‐

lar traceability through external workflow systems [31-33]. In selection decisions they should

be weighed as platform features, separately from method coverage.
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5.4 Selection Guidance

Table 14. Use-case selection guide derived from the capability evidence.

Primary need Programs indicated by the documented capability

evidence

High-accuracy molecular wavefunction methods (CCSD(T), local

correlation, F12, multireference)

ORCA, Molpro, Q-Chem, TURBOMOLE, OpenMolcas

Periodic solids, surfaces and materials VASP, Quantum ESPRESSO, ABINIT, CP2K

Biomolecular and large-scale molecular dynamics GROMACS, OpenMM, AmberTools, NAMD, CHARMM,

LAMMPS

Integrated commercial drug discovery workflows Schrodinger Suite

Fast screening of large molecular sets xtb, DFTB+, MOPAC

Method development, scripting and teaching through code PySCF, Psi4

Cheminformatics, file conversion and visualisation RDKit, Open Babel, Avogadro 2

GUI-only, self-hosted use with AI planning, approval and

provenance, where data must stay on site

AiMolSim, after confirming that the specific methods

required are at the Checked level

Table 14 summarises which programs the documented evidence indicates for common

needs. For any program, and especially for a fast-developing one, users should confirm that

the specific methods they need are verified at the level their work requires, ideally by repro‐

ducing a published value for a system close to their own.

6. Limitations

First, this is a documentation-based review: no program was executed, the engine and math-

kernel comparison in Section 4.14 rests on the developer's own published measurements, and

no timing, scaling or accuracy benchmark was performed. Second, the matrix was compiled

by the subject developer; although each cell links to official documentation and we applied

adjustments that could only lower the subject's score, the choice of the 99 rows remains the

developer's, and rows on which established programs excel (for example, breadth of basis

sets, high-order coupled cluster or scalability on thousands of cores) may be under-repre‐

sented. Third, documentation is uneven: established programs may under-document fea‐

tures that exist, while a new program may document features before they are mature. Fourth,

only the subject platform's claims were evidence-adjusted, because only it publishes method-

level verification status. Fifth, the matrix was coded by the subject's developer and has not

yet been re-coded by independent raters; a blind re-scoring of a stratified random sample of

cells by at least two coders unaffiliated with any of the programs, with agreement reported as

Cohen's kappa, is required before the ranking can be treated as independent, and the criteria

should be extended with rows on which established programs excel (for example high-order

coupled cluster, basis set library breadth, periodic hybrid DFT at scale and scripting for high-

throughput use). Sixth, both the programs and the matrix change quickly; the results de‐

scribe the state on 26 October to 13 November 2026. An independent re-scoring of a sample of

cells by investigators unconnected with any of the programs, and execution-based bench‐

marks on a common test set, are the natural next steps.
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7. Conclusions

On a 99-capability, documentation-based comparison of 31 programs, the AI-native, self-host‐

ed AiMolSim platform ranks first by implemented breadth, ties with ORCA, Q-Chem and

TURBOMOLE in core electronic structure, and leads, on the published matrix, in simulation,

sampling and governance features. Only 22.6% of its methods are recorded as reproducing

published values (25.0% including exact checks), two domains have no checked method of

any kind, and when unverified claims are scored as partial it falls to fourth, within a narrow

band of leading general-purpose platforms. Capability matrices should therefore report evi‐

dence tiers alongside feature status. AI-assisted platforms provide approval, provenance and

usability features not otherwise combined in one program, but their scientific case rests on

verification depth, which users should check method by method. Its in-house engine and

math kernel trade vendor-tuned performance, MPI scalability and community testing for au‐

ditability, licence independence and deterministic results; its performance on large systems

is not yet demonstrated, and the field as a whole still lacks fair, settings-matched timing

benchmarks.
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