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Digital Data Infrastructure

Qresp provides a graphical user interface (GUI) to curate papers (i.e. 
generate metadata) and to explore curated papers and access the data 
presented in scientific publications. Using Qresp the authors may easily 
make available to the community the data of each of their publications, 
together with options for fine grained searches of the metadata. 

Data dissemination strategy 
Dissemination of data on a per-
publication basis using Jupyter 
notebooks made publicly accessible 
via a three-step framework:  
1.  Qresp | Curator (GUI for curation 

i.e. generate metadata) 
2.  Metadata collection (Mongo DB) 
3.  Qresp | Explorer (GUI for data 

access i.e. explore metadata) 

We	verified	the	model	using	DFT	simulations	of	CdSe	NP	superlattices,	and	showed	that	the	
dipole	changes	when	the	NP	is	integrated	into	the	superlattice.	We	showed	the	existence	of	a	
regime	where	dipolar	interactions	prevail	and	our	model	can	be	applied.	

Future Plans

 

In the following we describe the general open source software Qresp “Curation and Exploration 
of Reproducible Scientific Papers” (http://qresp.org/) and we give examples of curated papers 
and of the data which the community may have access to, by exploring curated papers. We then 
discuss general features of Qresp and future perspectives. 

Results 

Qresp is an open-source web-based application that may be used to both curate and explore data 
presented in scientific papers or just explore curated scientific papers. The curation and 
exploration strategies are implemented in four steps, summarized in Fig. 1, and described in 
detail below. The strategy and the GUI are general and not restricted to papers of a specific 
domain. 

Paper organization 

The first step in making data reproducible and sharable is data organization. The author 
organizes the data presented in a scientific paper in a manner of choice. An example is presented 
in Fig. 2: the data are organized as a collection of datasets (raw data acquired or generated for the 
paper, either as a result of a computation or collected by an instrument), charts (including images 
of figures and tables, notebooks used to create them and data displayed in the figure or table), 
scripts (codes not publicly available, used to manipulate datasets and generate the data files of 
charts), tools (publicly available software or facilities or instruments used to generate the data), 
and notebooks. The organizer feature of Qresp allows the authors to version their data using Git 
(https://git-scm.com/).  
 

 

Figure 1 – Summary of Qresp capabilities: organization of data used and generated in a scientific paper 
(Organizer: see also Fig. 2); curation of data (Curator: see also Fig. 2) and exploration of papers (Explorer; see 
also Fig.3). 

Reproducibility 
Data analysis is performed using Python 
scripts and a Jupyter notebook server. 
Notebooks may be downloaded using 
Qresp | Explorer and used to:  
•  Fully reproduce results in each paper 
•  Track the provenance of all data in each 

paper 

Explorer

The author organizes the data presented in a scientific paper in a manner 
of choice. To aid in the curation of scientific papers we suggest the 
following data organization.  

 

There are no specific formats required for the files and for their organization, and the choice of 
the storage medium is made by the researcher, who may want to consider options such as self-
hosted on-premise servers, different types of cloud storage or established centralized 
repositories. Given the generality and flexibility of the metadata file, Qresp can operate with a 
variety of platforms for data dissemination: links embedded in the metadata file point to the 
physical location where data is stored.  
 
Metadata generation 

 
Once the data has been organized, e.g. as suggested above or in a manner of choice by the 
investigator, the GUI of Qresp guides the user in creating metadata from the data associated to a 
scientific paper. This is accomplished by establishing an SSH connection to the server that hosts 
the data. Qresp curator fills automatically certain metadata fields and those inserted manually can 
be verified. The metadata gathered during this curation step include data location, publication 
details and user-defined attributes. The Qresp software also offers the option to generate a data 
workflow that describes the procedure(s) followed to obtain the data. An example is shown in 
Fig.2. The metadata is generated using the JSON (JavaScript Object Notation, http://json.org/) 
syntax and the metadata file may be entered into a document-oriented database.  
 
We emphasize the importance of generating workflows [3,26], not only for tracing provenance 
of data and making them transparent to the community [27], but also in order to explain in a 
detailed and compact way the scientific strategies used in the paper; these may then be used for 
training purposes for students or investigators interested in joining a specific project related to 
the paper, or for collaborations. In the future, the generation of the workflow can be automated 
by enabling Qresp to read the metadata produced by workflow management tools, e.g. Fireworks 
[28] (https://materialsproject.github.io/fireworks/), AiiDA [29] (http://www.aiida.net), Signac 
[30] (https://glotzerlab.engin.umich.edu/signac/), Kepler (http://www.kepler-project.org), Galaxy 
[31]. 

Figure 2 – Proposed paper organization and curation. The two left panels present a proposed paper 
organization scheme (which is not mandatory for Qresp use; see text). The third panel from the left shows an 
example of a simple workflow generated by curating a scientific paper. By hovering over the squares 
(representing charts), one will be presented with the specific table or figure, which was created with the script 
indicated by the triangle, acting on the specified datasets (gray circles), created by the instrument (software or 
experiment) specified when accessing the blue rhombi. The initial data, on which the investigation of the paper 
is based upon, are represented by the red external sources. The datasets are available for download when 
exploring the paper (see Fig.3). The curation tool of Qresp allows for the generation of metadata collected by a 
database of choice (for example MongoDB). 

Once the data has been organized, the GUI of Qresp | Curator guides the 
user in creating metadata. The Qresp | Curator:  
•  automatically populates some metadata fields and those inserted 

manually can be verified.  
•  a data workflow that describes the procedure(s) followed to create the 

data.  
 
Metadata includes data location, publication details and user-defined 
attributes. The metadata is generated using the JSON syntax and stored 
in a document-oriented database(MongoDB). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4 – Scientific papers are searched and accessed utilizing a distributed model. Each search is 
dynamically translated into a query of the underlying metadata collection (selected from a list of 
available collections, for example collection I, shown as active in the panel above), and the resulting 
research data is automatically displayed by rendering the content stored in one or multiple servers 
(e.g. server 1 and 2 in the bottom panel).  

Figure 3 – Example of how a paper, organized and curated as shown in Fig. 2, appears upon 
exploration using Qresp. The exploration GUI of Qresp provides a portal for the scientific community 
to access data sets, explore workflows  and download the data published in scientific papers (see 
text). 

 

 
 

The GUI of Qresp | Explorer allows the user to explore scientific papers. 
Users may search curated papers, view charts, notebooks and workflows 
on a per publication basis, and download the data organized as outlined 
above. Every published entry is comprised of charts (figures and tables), 
workflows, notebooks and paper. 

Each project can be expanded into charts (figures or tables), with the 
option to download:  
•  the file that contains the digital data of the picture (e.g. in CSV format) 
•  the Jupyter notebook used to generate the chart 
•  the data needed to reproduce the  chart  

The workflow shows data provenance. Each node (dataset, script, chart, 
measurement, simulation) can be further expanded and redirected to the 
physical location of raw simulated or measured data. Data may be 
downloaded using Globus endpoints.  

An option of Qresp | Explorer allows one to perform federated searches 
across Qresp instances running across several organizations / servers. 
The data associated to scientific publications are organized, curated and 
owned by the authors, with no requirements to be deposited in any 
central database. This distributed model makes the data accessible and 
searchable from metadata collections located at multiple sites. 

Long-term preservation & Citation 
Data is stored on a per-publication basis (on a server of choice to the 
data owner) using a hierarchical scheme of folders:  
•  collection of raw datasets (generated by a given simulation code or an 

experimental data acquisition set-up) 
•  collection of scripts used to post-process raw simulation data 
•  collection of data that are displayed in the paper figure or tables 
•  Git is used to version control the data 
•  Optional integration with Figshare.  

•  Interface Qresp with multiple databases (e.g. Materials Data Facility) 
•  Automate the curation operations, for instance by using other 

provenance generating tools such as Signac, AiiDA. 
•  Coordinate with MICCoM software development operations in order to 

increase the amount of metadata generated by MICCoM codes, which 
can be identified automatically by the Qresp | Curator. 

•  Expose REST APIs to enable scripted operations.  
•  Distribute the Qresp suite using virtual environments, for easy 

installation and use. 

[1] Qresp: http://qresp.org/ 
[2] Figshare: https://figshare.com/ 
[3] JSON: http://json.org/ 
[4] Jupyter: http://jupyter.org/ 
[5] MongoDB: https://www.mongodb.com 
[6] Signac: https://glotzerlab.engin.umich.edu/signac/ 
[7] MDF: https://www.materialsdatafacility.org 
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