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Barthélémy Pradines,4, 5 Roland Assaraf,4 Peter Reinhardt,4 Julien Toulouse,4 Pierre�e Barbaresco,6 Nicolas Renon,6
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TOC graphical abstract

�antum chemistry is a discipline which relies heavily on
very expensive numerical computations. �e scaling of
correlated wave function methods lies, in their standard
implementation, between O(N5) and O(eN), where N
is the number of one-electron basis functions. �erefore,
performing accurate calculations on chemically meaning-
ful systems requires i) approximations that can lower the
computational scaling, and ii) e�cient implementations
that take advantage of modern massively parallel architec-
tures. ������ P������ is an open-source programming
environment for quantum chemistry specially designed for
wave function methods. Its main goal is the development
of determinant-driven selected con�guration interaction
(sCI) methods and multi-reference second-order perturbation theory (PT2). �e determinant-driven framework allows
the programmer to include any arbitrary set of determinants in the reference space, hence providing greater method-
ological freedoms. �e sCI method implemented in ������ P������ is based on the CIPSI (Con�guration Interaction
using a Perturbative Selection made Iteratively) algorithm which complements the variational sCI energy with a PT2
correction. Additional external plugins have been recently added to perform calculations with multireference coupled
cluster theory and range-separated density-functional theory. All the programs are developed with the IRPF90 code
generator, which simpli�es collaborative work and the development of new features. ������ P������ strives to
allow easy implementation and experimentation of new methods, while making parallel computation as simple and
e�cient as possible on modern supercomputer architectures. Currently, the code enables, routinely, to realize runs on
roughly 2 000 CPU cores, with tens of millions of determinants in the reference space. Moreover, we have been able to
push up to 12 288 cores in order to test its parallel e�ciency. In the present manuscript, we also introduce some key
new developments: i) a renormalized second-order perturbative correction for e�cient extrapolation to the full CI
limit, and ii) a stochastic version of the CIPSI selection performed simultaneously to the PT2 calculation at no extra
cost.

I. INTRODUCTION

In 1965, Gordon Moore predicted that the number of tran-
sistors in an integrated circuit would double about every two
years (the so-called Moore’s law).1 Rapidly, this “law” was
interpreted as an expected two-fold increase in performance
every 18 months. �is became an industrial goal. �e devel-
opment of today’s most popular electronic structure codes
was initiated in the 1990’s (or even before). At that time, the
increase of computational power from one supercomputer
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generation to the next was mostly driven by an increase of
processors’ frequency. Indeed, the amount of random access
memory was small, the time to access data from disk was slow,
and the energy consumption of the most powerful computer
was 236 kW, hence far from being an economical concern.2 At
the very beginning of the 21st century, having increased con-
tinuously, both the number of processors and their frequency
raised the supercomputer power consumption by two orders
of magnitude, in�ating accordingly the electricity bill. �e
only way to slow down this frenetic growth of power con-
sumption while keeping alive Moore’s dream was to freeze the
processor’s frequency (between 1 and 4 GHz), and increase
the number of CPU cores. �e consequence of such a choice
was that “free lunch” was over: the programmers now had to
parallelize their programs to make them run faster.3 At the
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https://arxiv.org/abs/1902.08154
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What is Quantum Package

Easy-to-use quantum chemistry software

Come out of the box with common wave function methods (Hartree-Fock,
Full CI . . . )
In V2

qpsh: bash + Quantum Package (manpage autocomplete and $PATH. . . )
qp plugins: Plugins can be downloaded independently from internet
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How to work with it

Install it

Run qpsh

Create ezfio database or load an old ezfio

Run some calculations with qp run
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A demo on the web
How does it work

Terminal Isolation Environment
Shellinabox Docker Ubuntu + Quantum Package
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Live demo

Let’s Go
https://quantumpackage.github.io/qp2
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