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NOMAD CoE
EU project Nov 2015 - Nov 2018 -> Fairdi

8 research centers

4 super computing centers 



NOMAD CoE Goals
more than 200,000 materials “known” 
to exist basic properties known for very 
few

highly likely that new materials with 
superior properties exist

big-data analytics tools to identify 
trends and anomalies in material data

First Step

Make data available

Make data addressable

Make data organizable

http://nomad-coe.eu



Archive: Make Data available



NOMAD Repository

repository of computational 
data

Storage for at least 10 years

support 40 computational 
codes

FHI, HUB, MPCDF

https://nomad-repository.eu



Big Data

Big data is not only amounts of data...

...but also robust tools and workflows.

not to just producing big amounts of data but to do so

in a reliable way

so that problems can be found, fixed,

... and get the correct data integrated



Naming and Provenance

very important to achieve these goals

required

about the source of the data

to describe the data itself



Philosophy

Scientific openness

Open Access to everything

Allow others to develop alternatives

Track origin (cite original contribution)

API should be used because of its convenience, not because 
it is the only option

Low level, bulk sharing of data, via REST API (static files): 
http://data.nomad-coe.eu







Source Data

public data from the NOMAD Repository

archives using the BagIt format

Name depends only on the content of the archive 
(archiveGid -> R+28-char checksum)

 host independent uris: nmd://<archiveGid>/path

clear naming of program that transforms the data 
(git describe)



Expressions for derived data

parsed data comes from archive X (raw data 
naming and nomad uri), and was produced 
parser Y version Z1

we can say: “replace (or compare) that data 
with the one using parser Y version Z2”



Describing the data: Meta Info

our conceptual model of the data

language and format independent

defines how the data we extract is organized

important for both human and machine



Metadata - MetaInfo

data about the data

depends on what is data

rfc5013: The Dublin Core Metadata Element 
Set

avoid misconceptions: MetaInfo



NOMAD Meta Info

Data: values of physical quantities or settings of a computational 
method

Numbers, strings, booleans
References to other groups of data (relational model)
Multidimensional arrays of these types (useful to support 
scientific data)

Metadata:
Describe and organize the data
Unique name for all concrete quantities, and the groups used to 
organize them (using alphanumeric characters and ”_”)
Hierarchical organization (tree)
Single public name-space
Semantic versioning



sec$on_run

program_name FHI-aims

program_version 081912

sec$on_system

simula/on_cell [[1.4e-9 ...]]

atom_posi/ons [[0.0,....]...]

atom_labels   ["Cu",...]

sec$on_method

basis_set fhi_aims_tight

XC_method DFT_GGA_PBE

sec$on_single_con2gura$on_calcula$on

sec$on_scf_itera$on

energy_total_scf_itera/on -1.326e-20

sec$on_scf_itera$on

energy_total_scf_itera/on -1.344e-20

energy_total -1.344e-20

SI Units:

• lengths: m

• energies: J

• …

Values: Data

Structure 

and names: Meta info



group together values with sections

allow one to many relationships between 
sections (relational data model)

group together similar types making them 
inherit from the same type (all energies 
inherit from the energy)





Parsers

Map raw data to the model defined by the 
Meta Info

Require knowledge of the simulation 
methods

Many Codes -> many parsers



Parser Developers



Parsing Workflow

raw-data

normalized-data

BagIt zip archive ... (R…)
BagIt zip archive 2 (Ryy…)
BagIt zip archive 1 (Rxy…)

File1
Dir1

File2

Dir2
File3

File4
File5

…

Parsing NOMAD 
Meta Info

parsed-data

S….h5

(HDF5)
Syy….h5

(HDF5)
Sxy….h5

(HDF5)

Normalize
NOMAD 
Meta Info

resolve API
search API

N….h5

(HDF5)
Nyy….h5

(HDF5)
Nxy….h5

(HDF5)

N….parque
t
(Apache
   parquet)

Nyy….parq
uet
(Apache
   parquet)

Nxy…
  .parquet
(Apache
   parquet)

Json

NOMAD 
Meta Info



A posteriori

Difficult to define without being grounded (a 
priori)

MetaInfo definitions stems from data in 
calculation codes



Defining the MetaInfo
 https://gitlab.mpcdf.mpg.de/nomad-lab/nomad-
meta-info 

4 types:

Conrete Value

Section

Dimension

Abstract types

https://gitlab.mpcdf.mpg.de/nomad-lab/nomad-meta-info
https://gitlab.mpcdf.mpg.de/nomad-lab/nomad-meta-info
https://gitlab.mpcdf.mpg.de/nomad-lab/nomad-meta-info


Open World

extensible format also from outsiders

easy to add data

focus data description first, not validation

describe data and peer it to its context



Meta Info browser



settings_interaction

settings_potential_energy_surface

settings_constraint

settings_metadynamics

settings_sampling

settings_geometry_optimization

settings_numerical_parameter

settings_integrator

settings_molecular_dynamics
settings_gw

settings_post_hartree_fock

settings_xc

settings_coupled_cluster

settings_van_der_waals

settings_physical_parameter

settings_thermostat

settings_barostatsettings_monte_carlo

settings_mcscf

settings_xc_functional

settings_multi_reference

settings_relativitysettings_k_points

settings_moller_plesset_perturbation_theory

settings_self_interaction_correction

Abstract Types



section_run
Represents a run of a simulation
script or program

section_system
Descripion of the system to be simulated
- atom position, simulation  cell,...

section_frame_sequence
represents a sequence of frames (single configuration 
calculations) exploring the potential energy surface
- time, statistics

section_user_quantity_stats
Statistics on a user defined quantity 

section_sampling
Description of how the potential 
energy surface is explored
- ensemble type, sampling method,…

section_single_configuration_calculation- 
energy, pressure, temperature,...

section_user_quantity
Value of a user defined quantity

section_atomic_forces
Forces on the atoms

section_user_quantity_definition
Name and definition of a user defined 
quantity

section_topology
Topology of the system
- atom label, mass, charge, topology

section_atom_type

section_atom_group

section_method
Potential energy surface definition
- theory level, forcefield parameters,
  numerical accuracy thresholds

section_interation
defines a force field interaction

section_constraints
- thermostat, barostat, fixes

section_constraint

frame_sequence_to_
sampling_ref

0..

1

frame_sequence_to_
frames_ref

0..1

0..

single_configuration_calculation_to_
system_ref

single_configuration_calculation_to_
method_ref

system_to_topology_ref

single_configuration_calculation_to_
constraints_ref

0..

1

1

0..

user_quantity_stats_to_
user_quantity_definition

0..

1

user_quantity_to_user
_quantity_definition

1

0..

1 1

0.. 0..

constraints_to_topology

method_to_topology
1

0..

0..

1



sec$on_run

program_name FHI-aims

program_version 081912

sec$on_system

simula/on_cell [[1.4e-9 ...]]

atom_posi/ons [[0.0,....]...]

atom_labels   ["Cu",...]

sec$on_method

basis_set fhi_aims_tight

XC_method DFT_GGA_PBE

sec$on_single_con2gura$on_calcula$on

sec$on_scf_itera$on

energy_total_scf_itera/on -1.326e-20

sec$on_scf_itera$on

energy_total_scf_itera/on -1.344e-20

energy_total -1.344e-20

SI Units:

• lengths: m

• energies: J

• …

Values: Data

Structure 

and names: Meta info



Workflows?

References between calculations and runs:

section_calculation_to_calculation_refs and 
calculation_to_calculation_kind...



Detection challenges

checksums to know if the same configuration 
and method are used

connect files with the same run -id

keep enough information

extract workflow info when available









Container Manager

Make arbitrary web applications running in a 
separate Docker for each user transparently 
available

Authenticate user

Start user specific docker if required

Forward all user requests to "his”container

http://kitabi.eu/nomad/ContainerManager/



Infrastructure

Markus 
Scheidgen
HUB
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