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BIDS-Apps/SPM
poldracklab/mriqc

BIDS-Apps/QAP

BIDS-Apps/CPAC
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BIDS-Apps/mindboggle

portable neuroimaging pipelines that BIDS-Apps/MRtrix3_connectom:

understand BIDS datasets
BIDS-Apps/rs_signal_extract

BIDS-Apps/aa
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Reasons for data standards

* Neuroimaging experiments produce
complicated data in many modalities and
formats

e Lack of standards leads to errors and
wasted time

* Reproducibility: exact description of
inputs, applied transformations and
outputs needed

* Robustness: A good structure makes it
easier to detect errors



BIDS validator

BIDS Validator

Your dataset is not a valid BIDS dataset.

view 5 errors in 386 files

Error 1: [Code 10] REPETITION_TIME_MUST_DEFINE

You have to define 'RepetitionTime' for this file.

Error 2: [Code 18] PHASE_ENCODING_DIRECTION_MUST_DEFINE

You have to define 'PhaseEncodingDirection’ for this file.

Error 3: [Code 19] TOTAL_READOUT_TIME_MUST_DEFINE

You have to define 'TotalReadoutTime' for this file.

Error 4: [Code 27] JSON_INVALID
Not a valid JSON file.

Error 5: [Code 50] TASK_NAME_MUST_DEFINE

You have to define 'TaskName' for this file.

65 files

126 files

126 files

4 files

65 files



Scholarship &
reproducibility

Poldrack,...,Ritter,... et al.,
2019, Comp Brain Behav
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Buckheit and Donoho (1995)

e Containerization enables only repeatability

* Reproducibility requires clear specification of the model such
that it can be replicated in a different environment and
compared with other implementations.



BIDS in a nutshell

BB dicomdir/

B 1208200617178_22/
m 1208200617178_22_8973.dcm
 1208200617178_22_8943.dcm
 1208200617178_22_2973.dcm
 1208200617178_22_8923.dcm
 1208200617178_22_4473.dcm
 1208200617178_22_8783.dcm
 1208200617178_22_7328.dcm
m 1208200617178_22_9264.dcm
 1208200617178_22_9967.dcm
 1208200617178_22_3894.dcm
 1208200617178_22_3899.dcm

@B My _dataset/
participants.tsv
BB sub-01/

B anat/

sub-01_task-rest_bold.json

BB dwi/

sub-01_dwi.json
s SUb-01_dwi.bval
w SUb-01_dwi.bvec

B8 1208200617178_23/ B sub-02/
B 1208200617178 _24/ BB sub-03/
BB 1208200617178 _25/ B sub-04/
MRI scanner output BIDS
unorganized structured




Directory
structure
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BIDS in a nutshell
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Standardized data
formats

Filename
structure

JSON metadata
sidecars



Multimodal example




File types in BIDS

Imaging files  All imaging data MUST be Header + image cube
stored using the NIFTI file
format.

Tabular files Tabular data MUST be saved
as tab delimited values (.tsv) [ERARNEIER
files onset duration response_time correct stop_trial go_trial
Tabular files MAY be 200 20 0 n/a n/a n/a
optionally accompanied by a
simple data dictionary in a
JSON format

Key/value JavaScript Object Notation 4.3.1 Example:
files (JSON) files MUST be used for [
(dictionaries)  storing key/value pairs. "RepetitionTime": 3.0,

"Instruction"”: "Lie still and keep your eyes open"




BIDS comp. model extension Princeton meeting

Two broad classes of extensions would be needed:

* Input and output data for various classes of models
* Model-specific language
* Enormous potential advantages
e "automatic” implementation of the same model in different
environments
* Easier inspection and comparison with other models due to common
syntax
* Barriers
e Balancing expressivity against simplicity: can a compact specification
capture the full breadth of computational models?
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sub-<participant label>/[ses-<session_label>/]
anat/
sub-<participant label>[ ses-
<session_ label>][ _acqg-<label>][ _rec-
<label>][ fa-<index>][_inv-<index>][_echo-
<index>][_part-<phase|mag>][_run-
<index>] <sequence label>.nii[.gz]

MISCELLANEOUS

Original more comprehensive list of models discussed Hut not added to the release.

Model <1ape1> field accepted values
Diffusion tensor imaging (Basser et al. 1994)

=*What's the cutoftf?

White matte

Constrained Spherical Deconvolution (Tournier et al. 2007; Descoteaux et
al. 2009)

Vo001 [t e vt s v 20

CHARMED Composite hindered and restricted model of diffusion (Yassaf and Basser
2009)

@ Jowmemmeay
Orientationally-invariant indices of axon diameter and fiber density

SHORE Simple Harmonic Oscillator based Reconstruction and Estimation.
(Ozarslan et al. 2008)

MAPMRI Mean Apparent Propagator MRI. (Ozarslan, 2013)

Forecast Fiber ORientation Estimated using Continuous Axially Symmetric Tensors.
(Zuchelli et al. 2017)

IVIM Intravoxel Incoherent Motion model. Le Bihan et al. 1988




Desired features

to not end up with hundreds
of file types, key-value pairs and “sub-standards”

» general applicability: not only for TVB
* "Built-in” support for

» explicit specification of the mathematical equations, the (physical)
concepts, the particular software and implementations used for
producing the result, including function definitions, algorithms,
parameters and variable settings



Principles

and formats: Tuning key-value
airs / metadata towards specific software products or
rameworks is in contrast to the idea of having a generic
standard.

* It’s better if new software adapts to existing standards instead of
creating new standards

* The standard shouldn’t need to be actively modified everytime a new
piece is added to the scientific framework

: computational models have many parameters.
When files are distinguished based on long lists of
characteristics, the defining characteristic will be buried in a
swarm of key-value pairs, which makes visual parsing hard.

(LEMS/NeuroML) for expressing

, : ©ms enables automatic
high-performance code generation (exists in TVB)

* Make the data model (BIDS)
(e.g. openMINDS), there is likely no “one-size-fits-all” solution



Suggested data types

Simple entities support many different use cases:

spatial & temporal coordinate systems
network graphs

data vectors and matrices
* time series
* spatial objects

mathematical equations and their physical interpretation
computer code.



TSV and JSON files

XML (LEMS/NeuroML)

Suggested data types

Simple entities support many different use cases:

spatial & temporal coordinate systems
network graphs

data vectors and matrices
* time series
* spatial objects

mathematical equations and their physical interpretation

computer code.
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The BIDS Specification
Introduction
Common principles
Modality agnostic files
Modality specific files
Derivatives

Longitudinal and multi-site
studies

BIDS Extension Proposals
Appendix
Changelog

The BIDS Starter Kit

Common principles

Definitions

The keywords "MUST", "MUST NOT", "REQUIRED", "SHALL", "SHALL NOT", "SHOULD", "SHOULD
NOT", "RECOMMENDED", "MAY", and "OPTIONAL" in this document are to be interpreted as
described in [RFC2119].

Throughout this specification we use a list of terms and abbreviations. To avoid
misunderstanding we clarify them here.

1. Dataset - a set of neuroimaging and behavioral data acquired for a purpose of a particular
study. A dataset consists of data acquired from one or more subjects, possibly from multiple
sessions.

2. Subject - a person or animal participating in the study. Used interchangeably with term
Participant.

3. Session - a logical grouping of neuroimaging and behavioral data consistent across
subjects. Session can (but doesn't have to) be synonymous to a visit in a longitudinal study.
In general, subjects will stay in the scanner during one session. However, for example, if a
subject has to leave the scanner room and then be re-positioned on the scanner bed, the set
of MRI acquisitions will still be considered as a session and match sessions acquired in
other subjects. Similarly, in situations where different data types are obtained over several

o o S e . - = = SR -

Q, Search

Table of contents
Definitions

Compulsory, optional, and
additional data and metadata

File name structure
Entity-linked file collections
Source vs. raw vs. derived data
Storage of derived datasets
Non-compliant derivatives

The Inheritance Principle

Good practice
recommendations

File Formation specification
Imaging files
Tabular files
Key/value files (dictionaries)

Participant names and other
labels

Uniform Resource Indicator
Units
Directory structure

Single session example

Unspecified data
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The BIDS Specification v

Introduction

Common principles

Modality agnostic files

Modality specific files v
Magnetic Resonance Imaging
Magnetoencephalography
Electroencephalography

Intracranial
Electroencephalography

Task events

Physiological and other
continuous recordings

Behavioral experiments (with
no neural recordings)

Genetic Descriptor

Positron Emission

Computational models ]

DCTTVATIvVeS 7

Longitudinal and multi-site
studies

Magnetic Resonance Imaging

Common metadata fields

MR Data described in the following sections share the following RECOMMENDED metadata fields

(stored in sidecar JSON files). MRI acquisition parameters are divided into several categories

based on "A checklist for fMRI acquisition methods reporting in the literature" by Ben Inglis:

Scanner Hardware

Key name Requirement Level

Manufacturer RECOMMENDED

ManufacturersModelName RECOMMENDED

MarnananCarialkl imalhan DCONAMAMEONINDCH

Description

Manufacturer of the equipment
that produced the
measurements. Corresponds to
DICOM Tag 0008, 0070

Manufacturer .

Manufacturer's model name of
the equipment that produced the
measurements. Corresponds to
DICOM Tag 0008, 1090

Manufacturers Model Name.

i AT R per] WSROy e ST T ENgong

Q, Search

Table of contents

Common metadata fields

Scanner Hardware

Sequence Specifics

In-Plane Spatial Encoding

Timing Parameters

RF & Contrast

Slice Acceleration

Anatomical landmarks

Echo-Planar Imaging and BO
mapping
Institution information

Anatomy imaging data

Deprecated suffixes

Task (including resting state)
imaging data

Required fields

Other RECOMMENDED
metadata

Timing Parameters
fMRI task information

Diffusion imaging data

REQUIRED gradient orientation
information




generic datatypes to store computational models and simulation results:

Table of contents
| « network graphs (net/)

General principles
« mathematical equations with physical interpretation (eq/ ) Ganataatadats

« parameters used to produce a particular result ( param/ ) Network graphs (net/)

« computer code ( code/ ) Coordinates (coord/)
"coord™-specific metadata

o time series data (temporal objects) (ts/ )
Time series data (ts/)

« spatial objects data ( spatial/)

"ts"-specific metadata

« coordinates (coord/ ) toalign ts/, spatial/ and net/ in common reference spaces Spatial data (spatial/)

"spatial”-specific metadata

These data types can all be expressed with Model equations (eq/)

e tsv files "eq"-specific metadata

Model parameters (param/)

« JSON sidecar files and ) ) _
param-specific metadata

o XML files for model equations and parameters using the Low Entropy Model Specification
(LEMS) format.

Computer code (code/)

"code"-specific metadata

In the following n refers to the number of nodes of a network graph, t to the number of time
points of a time series and m to the count of arbitrary entities like vertices, faces, and so on.




Generic metadata

These metadata keys MUST be used in all computational model JSON sidecar files.

Key name

NumberOfRows

NumberOfColumns

——

CoordsRows

CoordsColumns

Description

Requirement

Level

REQUIRED

REQUIRED

REQUIRED

Data type

integer

integer

array of
strings or
string

Description

Number of rows in the corresponding data file.

Number of columns in the corresponding data file.

Link to coord/ file(s) where the coordinates of
each row are clarified. The coordinates of each row
are defined in the row with the same index in the
linked file(s). Consequently, the number of rows

REQUIRED

REQUIRED

array of
strings or
string

string

~ust be iggntical to the number of rows in the
linked file(s).

Link to coord/ file(s) where the coordinates of
each column are clarified. The coordinates of each
column are defined in the row with the same index
in the linked file(s). Consequently, the number of
columns must be identical to the number of rows in
the linked file(s).

Free-form natural language description.

network graphs (net/)

mathematical equations with physical interpretation (eq/
parameters used to produce a particular result ( param/ )
computer code (code/ )

time series data (temporal objects) ( ts/)

spatial objects data ( spatial/)

coordinates ( coord/ ) to align ts/, spatial/ and net/




Coordinates (coord/)

The files in the folder coord/ define the spatial, respectively, the temporal coordinates of the

rows and columnsin ts/, spatial/ and net/ files.

Template:

sub-<label>/
[ses-<label>/]

coord/
[sub-<label>][_space-<label>]_desc-<label>_<suffix>.json

[sub-<label>][_space-<label>]_desc-<label>_<suffix>.tsv[.gz]

The sorting of coordinates refers to the sorting of, for example,

« time points in time series, sampled at regular or irregular intervals ( ts/ )
o locations of spatial objects ( spatial/)
o labels of network nodes (net/)
Units (for example: "s", "m", "ms", "degrees", "radians",...) are specified in coord/

sidecar files using the key "Units" . The sorting of rows, respectively columns, in a data file
corresponds to the rows in the coords/ files linked with the keys "CoordsColumns",

respectively "CoordsRows" .



Examples:

1. The time steps in the first line (row 1) of a ts/ file <ts_example>_ts.tsv happen at the
time specified in the first line (row 1) of a coord/ file <ts_example>_times.tsv thatis
linked from the field "CoordsRows" inthe JSON sidecar file <coord_example>_ts.json.
Furthermore, the labels of the nodes along columns in <ts_example>_ts.tsv may be

specified in an <coord_example>_labels.tsv file thatis linked from the field

"CoordsColumns" .

2. The location, respectively the label, of the node corresponding to column 247 in the file
net/<example2>_weights.tsv is specified in row 247 of the linked

../coord/*_nodes. json, respectively ../coord/*_labels.json,that are linked via the key
"CoordsColumns" .

Example:

"CoordsColumns": [

"../coord/excoordsys_nodes.json",
"../coord/excoordsys_labels.json"




Currently supported types of coordinates:

Description

Time points of a times nx1 vector of time points (default unit: s, seconds). Both, sampling at
time series regular and at irregular intervals is supported.
Locations of nodes nx3 matrix of cartesian coordinates.

network node
centres

Locations of vertices nx3 matrix of cartesian coordinates.
surface vertices

Indices of face faces nxm matrix of vertex indices, referring to row indices (one-based
vertices numbering) in a corresponding _vertices file to form faces (triangles,
rectangles, ...).

Normal vectors of vhormals nx3 matrix of normal vectors, referring to row indices (one-based
vertices numbering) in a corresponding _vertices file.

Normal vectors of fnormals nx3 matrix of normal vectors, referring to row indices (one-based
faces numbering) in a corresponding _faces file.

Textual identifier labels nxk vector of strings to label the rows or columns of associated files.
labels

Locations of sensors nx3 matrix of cartesian coordinates.

sensors




Orientations of
surfaces or
vertices

Mappings between
coordinates

Projection matrix

spatial extends of
2d objects

spaces enclosed
by 3d objects

Generic 2d
cartesian
coordinates

Generic 3d
cartesian
coordinates

Generic 2d polar
coordinates

Generic 3d polar
coordinates

orientatio

ns

map

conv

areas

volumes

cartesian2
d

cartesian3
d

polar2d

polar3d

nx3

matrix of unit vectors.

nxm matrix where the coordinates along rows are mapped to the

coordinates along columns. The types of coordinates are specified in

sidecar JSON fields "CoordsRows" and "CoordsColumns" .

like a map, but applied as convolution matrix (that is, multiplied with a

ts or spatial object).

nx1

nx1

nx2

nx3

nx2

nx3

matrix of areas (default unit: m?, square metre).

matrix of volumes (default unit: m3, cubic metre).

matrix of general purpose cartesian coordinates.

matrix of general purpose cartesian coordinates.

matrix of general purpose polar coordinates.

matrix of general purpose polar coordinates.




Network graphs (net/)

Template:

sub-<label>/
[ses-<label>/]
net/

[sub-<label>][_space-<label>]_desc-<label>_delays. json
[sub-<label>][_space-<label>]_desc-<label>_delays.tsv[.gz]
[sub-<label>][_space-<label>]_desc-<label>_distances. json
[sub-<label>][_space-<label>]_desc-<label>_distances.tsv|[.gz]
[sub-<label>][_space-<label>]_desc-<label>_speeds. json
[sub-<label>][_space-<label>]_desc-<label>_speeds.tsv[.gz]
[sub-<label>][_space-<label>]_desc-<label>_weights.json
[sub-<label>][_space-<label>]_desc-<label>_weights.tsv|[.gz]

Currently supported types of network graph files:

Name Description

coupling weights weights nxn matrix of connection weights.
coupling distances distances nxn matrix of connection distances.
coupling delays delays nxn matrix of connection delays.

coupling speeds speeds nxn matrix of connection speeds




"coord" "-specific metadata

Key name Requirement Data type Description
Level
Units REQUIRED string Measurement units for the associated file. SI

units in CMIXF formatting are
RECOMMENDED (see Units).

AnatomicalLandmarkCoordinates RECOMMENDED object of Key:value pairs of the labels and 3-D digitized
arrays locations of anatomical landmarks,

interpreted following the
AnatomicallandmarkCoordinateSystem (for
example, {"NAS": [12.7,21.3,13.9],

YLEAT S [18:2,11:8,9.61, “REA"¢
[20.2,11.3,9.1]1} . Each array MUST contain
three numeric values corresponding to x, y,
and z axis of the coordinate system in that
exact order.

AnatomicalLandmarkCoordinateSystem RECOMMENDED string Defines the coordinate system for the
anatomical landmarks. See Appendix VIII for
a list of restricted keywords for coordinate
systems. If "Other", provide definition of the
coordinate system in
AnatomicallLandmarkCoordinateSystemDescr

iption.

AnatomicalLandmarkCoordinateUnits RECOMMENDED string Units of the coordinates of
AnatomicallLandmarkCoordinateSystem.
MUST be "m", "cm",or "mm" .

AnatomicalLandmarkCoordinateSystemDescription RECOMMENDED string Free-form text description of the coordinate
system. May also include a link to a
documentation page or paper describing the
system in greater detail.




Time series data (ts/)

Template:

sub-<label>/ 0

[ses-<label>/]
105/
[sub-<label>][_space-<label>]_desc-<label>[_series-<label>]_<suffix>.js
[sub-<label>][_space-<label>]_desc-<label>[_series-<label>]_<suffix>.ts




Currently supported types of time series:

Description
Model vars txn matrix of (state) variable time series. The labels in the
simulation time coord/*_labels.tsv file linked in the sidecar "CoordsColumns" field
series MUST be identical to the name of the StateVariable / DerivedVariable

in the corresponding LEMS XML model file.

Stimulation time stimuli txn matrix of stimulation time series.

series

Noise time noise txn matrix of noise time series.

series

Spike timings spikes sparse format for storing spikes. Variable number of columns in each row
allowed.

Spike raster raster txn spike raster.

Empirical emp txn matrix of empirical time series.

timeseries

Generic time ts txn matrix of generic time series.

series container

Events, labels, events txn matrix of strings to annotate time series.
annotations




Both, ts/ and spatial/ files can be grouped into file bundles using the filename key entity
series . For example, a series of ts filles can be used to store a longer, time series in smaller
files:

ts/desc_Stimulustest4_series_00001_stimuli.tsv,
ts/desc_Stimulustest4_series_00002_stimuli.tsv,
ts/desc_Stimulustest4_series_00003_stimuli.tsv,

ts/desc_Stimulustest4_series_09876_stimuli.tsv




"ts"-specific metadata

While it is possible to use coords/*_times.tsv files to specify the time points of a time series, it

is often more convenient to just specify the "SamplingPeriod" orthe "SamplingFrequency"

(works only for equidistant sampling).

Key name Requirement Data type

Level

ModelEq REQUIRED array of
strings or
string

ModelParam REQUIRED string

SourceCode REQUIRED array of
strings or
string

Description

Reference to one or more eq/*_eq.xml file(s)
where the computational model is specified in
LEMS.

Reference to exactly one param/*_param.xml
file where the computational model is
specified in LEMS.

Either URI to a publicly accessible repository or
reference to files in code/*_eq.xml where the
computational code used to produce the

simulation result is provided.

SourceCodeVersion

SoftwareVersion

SoftwareName

SoftwareRepository

Network

SamplingPeriod

SamplingFrequency

REQUIRED

REQUIRED

REQUIRED

REQUIRED

REQUIRED

RECOMMENDED

RECOMMENDED

string

string

array of
strings or
string

array of
strings or
string

array of
strings or
string

number

number

Version of the "SourceCode" .

Version of the software that was used.

Name of the software that was used.

Repository where executable software is
hosted (for example, Docker Hub).

Reference to the network graph file(s) in net/
that were used to produce the simulation
result.

Sampling period (in s) of the time points of the
corresponding time series.

Sampling frequency (in Hz) of all the data in
the recording, regardless of their type (for
example, 2400 ).




Spatlal data (spatial/) Template:

The folder spatial/ stores all kinds of spatial entities like sub-<labels/
[ses-<label>/]
e functional connectivity matrices and more generic spatial/
[sub-<label>][_space-<label>]_desc-<label>[_series-<label>]_fc.json
* maps of values projected onto surfaces or network graphs. [sub-<label>][_space-<label>]_desc-<label>[_series-<label>]_fc.tsv[.gz

[sub-<label>][_space-<label>]_desc-<label>[_series-<label>]_map.json
The coordinates corresponding to rows and columns are defined ina coord/ file, linked in a (SIS R S N [t el S [ St it S Bl LD A L
sidecar JSON. Every spatial/*_desc-<label>*_<suffix>.tsv data file MUST have an
accompanying sidecar JSON spatial/*_desc-<label>*_<suffix>.json that links to the LEMS Currently supported types of spatial objects:

XML files that contain the underlying model equations ( eq/ ) and parameters ( params/ ) using

Name Description
the keys "ModelEq" and "ModelParam" .
Values projected onto surfaces, map nxm matrix of values. Rows/cols correspond to
Both, ts/ and spatial/ files can be grouped into file bundles using the filename key entity volumes or network graphs spatial objects defined by /coords
series . For example, a series of FC matrices can be used to store functional connectivity
dynamics matrices over time: Functional connectivity matrix fc nxn matrix

spatial/desc_FCDtest1_series_000661_fc.tsv,
spatial/desc_FCDtest1_series_00062_fc.tsv,
spatial/desc_FCDtest1_series_000863_fc.tsv,

spatial/desc_FCDtest1_series_00300_fc.tsv

The coordinates of the series elements MUST be specified with the metadata key

"CoordsSeries" .



"spatial”-specific metadata

Key name

ModelEq

ModelParam

SourceCode

SourceCodeVersion

SoftwareVersion

SoftwareName

SoftwareRepository

Network

CoordsSeries

Requirement
Level

REQUIRED

REQUIRED

REQUIRED

REQUIRED

REQUIRED

REQUIRED

REQUIRED

REQUIRED

RECOMMENDED

Data type

array of
strings or
string

string

array of
strings or
string

string

string

array of
strings or
string

array of
strings or
string

array of
strings or
string

array of
strings or
string

Description

Reference to one or more eq/*_eq.xml file(s)
where the computational model is specified in
LEMS.

Reference to exactly one param/*_param.xml
file where the computational model is specified
in LEMS.

Either URI to a publicly accessible repository or
reference to files in code/*_eq.xml where the
computational code used to produce the
simulation result is provided.

Version of the "SourceCode" .

Version of the software that was used.

Name of the software that was used.

Repository where executable software is hosted
(for example, Docker Hub).

Reference to the network graph file(s) in net/
that were used to produce the simulation result.

Link to coord/ file(s) where the coordinates of
each series file are clarified. The coordinates of
each series file are defined in the row with the
same index in the linked file(s). Consequently,
the number of series files must be identical to
the number of rows in the linked file(s).




Model equations (eq/)

Equation and parameter files have a special role among the used file formats, because they
belong to the only file type that uses XML syntax and a format that is defined outside of BIDS.
Model equations and parameterizations MUST be specified using the LEMS language. LEMS
provides a compact, minimally redundant, human-readable, human-writable, declarative way of
expressing models of physical systems. PyLEMS is a Python implementation of the LEMS
language that can both parse and simulate existing LEMS models and provides an API in Python
for reading, modifying and writing LEMS files. See the original publication introducing LEMS, and
its repository with examples for more information.

A basic principle of LEMS is to separate equations and parameters such that the equations need
only be stated once and can then be reused with different parameterizations. Therefore, every
ts/ and spatial/ object MUST reference the LEMS model XML(s) using the keyword
"ModelEq" and, furthermore, the LEMS XML that contains the parameters that were used to
produce the simulation result using the keyword "ModelParam” .

Template:

sub-<label>/
[ses-<label>/]
eq/
desc-<label>_eq.json
desc-<label>_eq.xml




"eq"-specific metadata

Key name

SourceCode

SourceCodeVersion

SoftwareVersion

SoftwareName

SoftwareRepository

Requirement
Level

RECOMMENDED

RECOMMENDED

RECOMMENDED

RECOMMENDED

RECOMMENDED

Data type

array of
strings or
string

string

string

array of
strings or
string

array of
strings or
string

Description

Either URI to a publicly accessible repository or
reference to files in code/*_eq.xml where the
computational code used to produce the
simulation result is provided.

Version of the "SourceCode" .

Version of the software that was used.

Name of the software that was used.

Repository where executable software is
hosted (for example, Docker Hub).




NeuroML/LEMS for specifying equations

TVB-HPC (part of main TVB)

automatically produces high-
performance codes for CPUs
(Numba) and GPUs (CUDA)

based on 'LEMS' a domain-
independent language for the
declarative description of
hierarchical mathematical models
of physical entities in XML

PYLEMS

e simulator to run NeuroML2 models.

libNeuroML API

* Importer/Exporter: NeuroML Python
object model

Components

izhikevichCell id = bursting

a=002,b=02,c=-50d=2
thresh = 30mV

expTwoSynapse id = excitatory _-

tauRise = 1ms, tauDecay = 15ms
erev = 0mV, gbase = 1nA

ionChannelHH id = kDr
gateHHrates id = n
forwardRate ...

backwardRate ...

ComponentTypes

ComponentType: izhikevichCell
Parameters: a, b, ¢, d, thresh

Dynamics
StateVariables: v, U
TimeDerivatives:

dv/dt = 0.04*v*2 + 5'v + 1400 - U

dU/dt=a* (b*v - U)
OnConditions:
v > thresh =>
v=c
U=U+d

ComponentType: expTwoSynapse

Parameters: tauRise, tauDecay,

erev, gbase

Dynamics

 ComponentType: ionChannelHH
. Children: gateHHrates

ComponentType: gateHHrates
Child: forwardRate
Child: backwardRate

Cells.xml

Synapses.xml

Channels.xml



"param"-specific metadata

Key name Requirement Data type Description
Level

Model parameters (param/)

ModelEq REQUIRED array of Reference to one or more eq/*_eq.xml file(s)
, . tri here th tational model i ified i
Every ts/ and spatial/ object MUST reference the LEMS model XML(s) using the keyword zt::zsor r’E;r: s S
"ModelEq" and, furthermore, the LEMS XML that contains the parameters that were used to

produce the simulation result using the keyword "ModelParam" . SourceCode RECOMMENDED array of Either URI to a publicly accessible repository or

strings or reference to files in code/*_eq.xml where the
string computational code used to produce the

Template:
simulation result is provided.

sub-<label>/ SourceCodeVersion ~ RECOMMENDED string Version of the "SourceCode” .
[ses-<label>/]
param/
desc-<label>_param. json
desc-<label>_param.xml

SoftwareVersion RECOMMENDED string Version of the software that was used.

SoftwareName RECOMMENDED array of Name of the software that was used.
strings or
string

SoftwareRepository RECOMMENDED array of Repository where executable software is
strings or hosted (for example, Docker Hub).
string




"code"-specific metadata

Computer code (code/)

Computer code involves "source code" (human-readable standard programming language) and
"machine code" (executable program). Every BIDS dataset that contains simulation results MUST
either directly store the source code that was used to produce the result in this folder or link to a
long-term repository where it is stored using the field "SourceCode" . Code can be in an arbitrary
language, but MUST be versioned. Furthermore, the machine code, that is, the executable
deployment of that source code used to produce the result MUST be linked using the fields
"SoftwareName", "SoftwareVersion" and "SoftwareRepository" . Like in the case of source
code, machine code can be either provided in this folder or in a publicly-accessible repository. It
is preferred that deployments of the code exist in the form of platform-independent self-
contained container images (including the entire necessary computational environment).

Template:

sub-<label>/
[ses-<label>/]
code/
desc-<label>_code.<extension>
desc-<label>_code. json

Key name

SourceCode

SourceCodeVersion

SoftwareVersion

SoftwareName

SoftwareRepository

ModelEq

Requirement

Level

RECOMMENDED

RECOMMENDED

RECOMMENDED

RECOMMENDED

RECOMMENDED

RECOMMENDED

Data type

array of
strings or
string

string

string

array of
strings or
string

array of
strings or
string

array of
strings or
string

Description

Either URI to a publicly accessible repository or
reference to files in code/*_eq.xml where the
computational code used to produce the
simulation result is provided.

Version of the "SourceCode" .

Version of the software that was used.

Name of the software that was used.

Repository where executable software is
hosted (for example, Docker Hub).

Reference to one or more eq/*_eq.xml file(s)
where the computational model is specified in
LEMS.



"code"-specific metadata

Key name

Requirement

Level

Description

SourceCode

SourceCodeVersion

SoftwareVersion

SoftwareName

SoftwareRepository

ModelEq

RECOMMENDED

RECOMMENDED

RECOMMENDED

RECOMMENDED

RECOMMENDED

RECOMMENDED

array of
strings or
string

string

string

array of
strings or
string

array of
strings or
string

array of
strings or
string

Either URI to a publicly accessible repository or
reference to files in code/*_eq.xml where the
computational code used to produce the
simulation result is provided.

Version of the "SourceCode" .

Version of the software that was used.

Name of the software that was used.

Repository where executable software is
hosted (for example, Docker Hub).

Reference to one or more eq/*_eq.xml file(s)
where the computational model is specified in
LEMS.




Summary

BIDS-like data model for
computational model simulation

results

Based on simple and generic data
types and exhaustive metadata
annotation for reproducibility






Vision

Future and

helps data sharing, provenance and accountability tracking

* every single file assumes an “identity” that is invariably associated with
its metadata

* rigorously associate data sets with desired metadata features

* e.g. legal basis for sharing (and other agreements), “ownerships” and other roles
with regard to data protection laws

possible basis for a

world-wide tracking of the evolution of annotated, verified and
internally consistent data sets



Principles

* Instead of long lists of key-value pairs:

to distinguish files, and in the
* id could be a and thereby also
serve to increase confidence about data integrity,
authenticity and validity (a )

: data file name contains checksum of
sidecar JSON and sidecar JSON contains checksum of data

file content
e Future BIDS validator would be enabled to



Principles

can
be used to

. every transformation
involves updating checksums/ids that can be tracked in a
registry

is enforced
* inconsistencies cannot go unnoticed
e ,enforces” clean and reproducible workflows

* not necessary if every step is tracked (Datalad), but
there are advantages if this is already inbuilt into the
data format



Vision

e Future BIDS validator updates data set with proper ids and updates registry every
time a change is applied

* May solve problems regarding worldwide data sharing, provenance and
accountability tracking

* May be used to rigorously associate data sets with their legal basis for sharing (and
other agreements), “ownerships” and other roles with regard to data protection laws

e Every single file assumes an “identity” that is invariably associated with its legal and
other features

* Possible basis for global authoritative indexing system to track the evolution of
neuroscience results with provable authenticity: world-wide recording of the
evolution of annotated, verified and internally consistent data sets

* Could be further combined with encryption to have an all-in-one solution for data
standardization, provenance tracking, data security and lawful data exchange.



