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What is ActivePapers?

• K. Hinsen - 2011: first paper mentioning the principles of 

ActivePaper. [1]


• Goal: computational science made reproducible and publishable


• ActivePaper solution:


- a single file combining datasets and programs that works 

on it


- Citable (DOI - unique and persistant identifiers)

[1] K. Hinsen. Procedia Computer Science 2011 (4) 579 
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Why ActivePapers?
Molecular Dynamics simulations specificities:


- Size of the data: several Gb


- Local storage in binary format (size optimization - efficient 
reading)


- Need to work on different computer (HPC, personal computer)


- MOSAIC - MOlecular SimulAtion Interchange Conventions [2]:

Detailed description of molecular simulation


Facilitate the exchange of data
[2] K. Hinsen. J. Chem Inf. Model. 2014 (54) 131 
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ActivePaper design
• HDF5 file + conventions


• HDF is supported by many commercial and 

non-commercial software platforms: Java, 

MATLAB, Scilab, Mathematica, Octave, IDL, 

Python, R …


• Can also be inspected using many generic 

HDF5 tools, in particular HDFView or HDF 

Compass

HDF5: Hierarchical Data 

Format (version 5).


- open-source format


- designed to store large 

amounts of data


- provide a hierarchical 

structure


- self-describing


- Maintained by the non-profit 

HDF Group (spin-off of the 

NCSA*)


* NCSA: National Center for 

Supercomputing Applications
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A concrete example
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In the present work, we propose a simple model-free approach for the computation of molecular dif-
fusion tensors from molecular dynamics trajectories. The method uses a rigid body trajectory of the
molecule under consideration, which is constructed a posteriori by an accumulation of quaternion-
based superposition fits of consecutive conformations. From the rigid body trajectory, we compute
the translational and angular velocities of the molecule and by integration of the latter also the cor-
responding angular trajectory. All quantities can be referred to the laboratory frame and a molecule-
fixed frame. The 6 × 6 diffusion tensor is computed from the asymptotic slope of the tensorial
mean square displacement and, for comparison, also from the Kubo integral of the velocity cor-
relation tensor. The method is illustrated for two simple model systems – a water molecule and a
lysozyme molecule in bulk water. We give estimations of the statistical accuracy of the calculations.
© 2013 AIP Publishing LLC. [http://dx.doi.org/10.1063/1.4823996]

I. INTRODUCTION

Anisotropic molecular diffusion plays an essential role
in many physicochemical processes and in medical imaging.
Such an anisotropy may be caused by the environment in
which the molecule under consideration diffuses or by the
form of the molecule itself. An example for the first case is the
diffusion of water molecules in anisotropic cell tissues probed
by magnetic resonance imaging.1, 2 Intrinsic anisotropic dif-
fusion plays a role in protein aggregation, protein-enzyme
encounters,3–7 and in the analysis of various spectroscopic
experiments. We mention here light scattering,8 quasi-elastic
neutron scattering,9 and nuclear magnetic resonance relax-
ation spectroscopy.10–12

Molecular dynamics (MD) simulations can contribute
valuable insight into anisotropic diffusion processes since
they yield a description of molecular dynamics on the atomic
scale and allow thus, in principle, an ab initio construction
of diffusion tensors. In this way, global molecular diffusion
can be described in detail which is usually not accessible to
experiments. The MD-based diffusion tensors may be subse-
quently used as input for simulations on coarse-grained time
and length scales. Despite these evident advantages, there are
not many molecular dynamics studies of anisotropic diffusion
of complex molecules. Only recently, a systematic study on
that subject has been published.13 Here, the principal com-
ponents (eigenvalues) of the rotational diffusion tensor in the
molecular frame are obtained by fitting simulated reorienta-
tional correlation times for an ensemble of randomly chosen
unit vectors in the molecular frame with an analytical expres-
sion containing these principal components. The method is
based on the assumption of small rotational anisotropy and an
implementation can be found in Ref. 14.

a)Electronic mail: gerald.kneller@cnrs-orleans.fr

The idea of this paper is to use a straightforward gener-
alization of the computation of translational diffusion coeffi-
cients, computing instead of a scalar mean-square displace-
ment the 6 × 6 mean-square diffusion tensor from the roto-
translational trajectory of the molecule under consideration
and extracting the components of the diffusion tensor from
the asymptotic slope of its time-dependent components. If the
molecule under consideration diffuses in an isotropic system,
an inherent anisotropy in its rotational motion can only be re-
vealed in a suitably chosen molecule-fixed frame. In this arti-
cle, we concentrate on the latter case, considering two simple
model systems:! A water molecule diffusing in bulk water.! A lysozyme molecule diffusing in bulk water.

The paper is organized as follows. In Secs. II and III, we
describe, respectively, the theoretical and algorithmic meth-
ods for the construction of diffusion tensors, Sec. IV describes
its calculations for the model systems described above, and a
résumé is presented in Sec. V.

II. THEORY

A. Eckart frame and angular velocity

In the following, we consider the roto-translational dif-
fusion of a non-spherical molecule diffusing in an isotropic
medium. If the molecule has internal degrees of freedom, its
shape might slightly change in the course of time and one
may define an average form with respect to an appropriately
defined molecule-fixed frame. The definition of such a frame
goes back to Eckart,15 who considered polyatomic molecules
whose internal dynamics is described by harmonic vibrations
about the equilibrium positions. Such a limitation is, how-
ever, not necessary and a more general definition of an Eckart
frame has been recently given in Refs. 16 and 17. The central

0021-9606/2013/139(15)/154110/10/$30.00 © 2013 AIP Publishing LLC139, 154110-1
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where the threshold δ is set to δTT, δRR, δTR, or δRT according
to the submatrix to which correspond the indices i, j.

D. Anisotropy

As a scalar measure for the translational and rotational
anisotropy, we use

ϵ = λmax − λmin

λ
, (42)

where λk are the eigenvalues of DT T or DRR , respectively,
and λ is the corresponding mean value,

λ = 1
3

(λ1 + λ2 + λ3). (43)

By construction, ϵ is invariant under rotations of the coor-
dinate system and we note that λ = Dtrans or λ = Drot, de-
pending on which of the two diffusion tensors DT T or DRR is
considered.

E. Availability of software and data

An ActivePaper29 containing all the software, input
datasets, and results from this study is available as the supple-
mentary material.30 The datasets can be inspected with any
HDF5-compatible software, e.g., the free HDFView.31 Run-
ning the programs on different input data requires the Ac-
tivePaper software.32 These files also contain plots for all the
components of all the correlation functions and mean-square
displacements we have computed and of which we show only
a selection in this article.

IV. RESULTS

A. Diffusion tensor for SPC/E water

According to the SPC/E model, the simulated water
molecules are rigid and the Eckart frame simply follows the
real rigid body motion of the molecule under consideration.
Using the MSD method and averaging over the contributions
from all 511 molecules in the system, the diffusion tensor in
the laboratory frame is found to be

DMSD
lab =

⎛

⎜⎜⎜⎜⎜⎜⎝

2.19 × 10−3 0 0 0 0 0
0 2.17 × 10−3 0 0 0 0
0 0 2.17 × 10−3 0 0 0
0 0 0 2.03 × 10−1 0 0
0 0 0 0 2.03 × 10−1 0
0 0 0 0 0 2.04 × 10−1

⎞

⎟⎟⎟⎟⎟⎟⎠
, (44)

and the Kubo method yields very similar components,

DKubo
lab =

⎛

⎜⎜⎜⎜⎜⎜⎝

2.18 × 10−3 0 0 0 0 0
0 2.16 × 10−3 0 0 0 0
0 0 2.15 × 10−3 0 0 0
0 0 0 2.03 × 10−1 0 0
0 0 0 0 2.03 × 10−1 0
0 0 0 0 0 2.04 × 10−1

⎞

⎟⎟⎟⎟⎟⎟⎠
. (45)

Here, all non-zero elements fulfill the condition (41) and the thresholds for the components in the TT, RR, TR, and RT partition,
respectively, are resumed in Table I. The same values are used for the calculation of the diffusion tensor in the molecule-fixed
frame, which is depicted in Fig. 1. Averaging again over the contributions of all molecules in the simulation box, we find

DMSD
mol =

⎛

⎜⎜⎜⎜⎜⎜⎝

3.19 × 10−3 0 0 0 6.19 × 10−3 0
0 2.03 × 10−3 0 1.02 × 10−3 0 0
0 0 1.71 × 10−3 0 0 0
0 1.02 × 10−3 0 1.14 × 10−1 0 0

6.19 × 10−3 0 0 0 2.1 × 10−1 0
0 0 0 0 0 2.73 × 10−1

⎞

⎟⎟⎟⎟⎟⎟⎠
(46)

with the MSD method and

DKubo
mol =

⎛

⎜⎜⎜⎜⎜⎜⎝

3.21 × 10−3 0 0 0 6.30 × 10−3 0
0 2.02 × 10−3 0 1.04 × 10−3 0 0
0 0 1.70 × 10−3 0 0 0
0 1.04 × 10−3 0 1.14 × 10−1 0 0

6.30 × 10−3 0 0 0 2.11 × 10−1 0
0 0 0 0 0 2.72 × 10−1

⎞

⎟⎟⎟⎟⎟⎟⎠
(47)
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A concrete example - figshare
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A concrete example - DOI

DOI
Digital Object Identifier DOI: Digital Object Identifier


It provides unique and persistent identifiers 

for electronic documents on the internet. 

The uniqueness of the identifiers is 

guaranteed by a central registry.
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A concrete example - License

Creative Commons Licenses

CC-BY: your research is openly 

available, but requires that others 

should give you credit, in the form of 

a citation, should they use or refer to 

the research object.


This license lets others distribute, 

remix, tweak, and build upon your 

work, even commercially, as long as 

they credit you for the original 

creation.
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A concrete example - exploration
• Explore with HDFView
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A concrete example - exploration
• Explore with HDFView

Contents
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A concrete example - exploration
• Explore with HDFView

Data
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• Explore with HDFView

History
Date

Platforms
User

Packages versions

A concrete example - exploration
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A concrete example - 
• Explore with ActivePapers


- open a shell window - works with the command line. You can 

also use a Jupyter notebook. 

- ‘unix command concept’:


aptool -h or aptool --help

A concrete example - exploration with AP
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A concrete example
aptool ls -l

Date/time of 
the last 

modification

Type of 
datasets

Hierarchical structure

A concrete example - exploration with AP
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A concrete example - datasets
8 types of datasets:


- module: a Python source code file to be imported by other 

Python code.

- calclet: Python script with no I/O outside of the ActivePaper.

- importlet: Python script without restriction (Internet, data on 

your computer, Python libraries).

- reference: to refer to datasets in other ActivePaper files.

- data: HDF5 dataset (array).

- text 
- file (ex: PDF)

- dummy: a deleted dataset (to reduce the size of the file, can 

be restored with a calclet).
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A concrete example - documentation
Extracting the documentation / plots:


- aptool checkout documentation


Get a directory containing all the PDF files. Example:
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A concrete example - code
Extracting the code:


- aptool checkout code


Get a directory with the code
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A concrete example - code
Modifying the code.

Update the ActivePaper with the new code:


aptool checkin code


Then you can update the files: aptool update

Some files in the 
documentation are 

now marked as stale

The files in the 
documentation are 

now updated

New dates
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A concrete example - parameters
Modifying parameters.

Example: change the range of the MSD plot:


aptool set msd_plot_range ‘array([0.,200.])'


Then you can update the files: aptool update

Some files in the 
documentation are 

now marked as stale

New dates

The files in the 
documentation are 

now updated

http://www.activepapers.org/python-edition/tutorial.html

http://www.activepapers.org/python-edition/tutorial.html
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A concrete example - interactive exploration

Download and open the 
ActivePaper via its DOI

Explore the README
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A concrete example - interactive exploration

Make a plot from the 
data inside the 

ActivePaper
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A concrete example - interactive exploration

Import Python 
modules stored 

in the ActivePaper

Interact with the 
module
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Limitations

• Data limit that can be stored online. In the example, we start from 
the simulations data (>10Gb)


• Python only


• Dependences: Numpy, h5py + external libraries


• How many years your ActivePaper will be stable? (Scientific Python 

ecosystem has proven to be moderately stable in the past)
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Conclusions
• ActivePaper store all your data in a single file


• Python edition is operational - Number of publications available as 
an ActivePaper: 4


• Next developments: 

- interaction with notebooks

- other language


• Reproducible research on the web: ActivePaper and Exec&Share

    http://www.univ-orleans.fr/misc-orleans-tours


http://www.activepapers.org/


                 https://github.com/activepapers/activepapers-python 

                                

           @ActivePapers

http://www.execandshare.org/CompanionSite/
http://www.univ-orleans.fr/misc-orleans-tours
http://www.activepapers.org/
https://github.com/activepapers/activepapers-python
https://twitter.com/activepapers

