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DFT is hard...

Beyond just the theory, quantum chemistry/solid-state

physics programs are generally written in low-level lan-

guages, making the source codes (and thereby the nu-

merical methods) used by these programs inaccessible to

new and inexperienced users [1]. Similarly, testing new

methods (or even minor tweaks) to existing QC programs

requires an understanding of the dependencies for the

entire program.

Figure 1. An example system commonly simulated with DFT

(Fantrip polymer network deposited onto KBr bulk)

The primary objective of this project was to produce a

program which could accurately perform DFT and RT-

TDDFT calculations as simply as possible, with the end

goal being a simple-to-use tool for both users new to

DFT, as well as more experienced users, who may wish

to benchmark methods easily.

Considerations

Our criteria for success in this project were, in order of

importance, as follows:

Easy to read

Accurate methods

Reflective of methods in other programs

*Relatively* computationally efficient

Accessible to all

Based on these considerations, the following key design

decisions were made:

Written exclusively in Python - Free, clear syntax and

can be further optimised using external packages.

Mirrors the methods used by CP2K - CP2K is free,

open-source and popular within the community [2].

Alongside that, CP2K’s GPW method ‘Quickstep’ is

robust and accurate.

Uses only packages available on a range of OSs -

Many QC programs require a Unix-based operating

system, which locks out many less experienced users.

Optimised with multithreading (where possible) -

The Numba package is used to multithread processes,

allowing the programs to be run relatively quickly.

Available in an .ipynb format - IPython notebooks

allow for a blended approach between theory and

code, helping students.
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DFTMethod

PyDFT uses the Kohn-Sham DFT method, and thus,

the following equation [3]:

EKS[ρ(r)] = TS[ρ(r)] + EH[ρ(r)] + Exc[ρ(r)]

+
∫

dr vext(r)ρ(r)

The Gaussian and PlaneWaves (GPW) method is used

[4], meaning φ is approximated using a Contracted
Gaussian Function:

φCGF (r) =
∑

λ

CλφGTO
λ (r)

Upon solving for EKS (expressed as a matrix KS), an
SCF loop of the following form is completed to con-

verge upon the ground state density matrix P .

Figure 2. A flowchart of the SCF process used in PyDFT and

PyRTP

RT-TDDFTMethod

FromRunge-Gross theorem, a unitary operator (usually

referred to as the propagator) exactly maps the elec-

tron density from t0 to t [5]. This operator is exact and
thus, the following approximations to it are available in

PyRTP:

Crank-Nicholson

Exponential Midpoint

Enforced Time-Reversal Symmetry (ETRS)

Approximated ETRS (AETRS)

Corrected-Approximated ETRS (CAETRS)

Commutator-Free 4th Order Magnus

Using this, time-dependent phenomena (such as

dipole moment, von Neumann entropy, etc.) can be

determined.

Figure 3. Examples of time-dependent phenomena observed in

PyRTP

Applications

The source code for this project is written as clearly as

possible, with large portions of the code having com-

ments to explain specific steps. Alongside this, having

the program available as a IPython notebook allows for

theory to be discussed alongside working code.

Figure 4. An example of the programming in PyRTP

Both programs can also accept basis set and pseudopo-

tential files designed for CP2K, allowing a user to adjust

their inputs according to the needs of the system they

are simulating.

Outlook

This project is still ongoing, and we seek to complete the

following tasks in the future:

Continue benchmarking and optimising to ensure

accuracy in a variety of systems - some very large

systems have not been tested thoroughly with these

methods. While this is not the intended use case,

testing with these larger systems will ensure the

processes are robust.

Collate the programs into a Python package - by

producing packages and distributing it through

existing package managers (i.e. conda, pip, etc.), it will

be easier for students to access these methods.

Produce thorough documentation and teaching

materials - in line with the aims of this project, good

documentation will be crucial in enabling students to

develop their understanding of DFT/RT-TDDFT. As

well as this, producing suitable teaching resources will

enable institutions to easily deliver content.
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