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Standardizing data is crucial for preserving and exchanging scientific information. In particular,
recording the context in which data were created ensures that information remains findable,
accessible, interoperable, and reusable. Here, we introduce the concept of self-reporting data assets
(SRDAs), which preserve data and contextual information. SRDAs are an abstract concept, which
requires a suitable data format for implementation. Four promising data formats or languages are
popularly used to represent data in pharma: JCAMP-DX, JSON, AnIML, and, more recently, the
Allotrope Data Format (ADF). Here, we evaluate these four options in common use cases within the
pharmaceutical industry using multiple criteria. The evaluation shows that ADF is the most suitable
format for the implementation of SRDAs.

Keywords: Data format; ADF; Scientific data; JSON; JCAMP-DX; Pharmaceutical data; AnIML; FAIR data; Ontology; Data
model
Introduction
Exchanging technical information is a crucial part of data-
intensive scientific domains, such as the pharmaceutical research
community.1 Recent reports highlight the importance of stan-
dardized data for the successful digital transformation of the
pharmaceutical industry.2,3 Despite the promised benefits for
pharmaceutical companies, many have not used standardized
data formats at scale to date because of the significant change
that is involved because of the quantity and complexity of the
data involved; instead, they frequently opt to using proprietary
systems or even Excel spreadsheets.4 Clearly, this lack of stan-
dardized data significantly hinders the research process because
data maintained under such conditions are less likely to adhere
to FAIR principles, which ensure that the data are findable (F),
accessible (A), interoperable (I), and reusable (R).5,6 Without
⇑ Corresponding author at: Department of Physics and Astronomy, Brigham Young Univers
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observing these guidelines, it becomes difficult to share, process,
and analyze data in a meaningful way across laboratories and
organizations.

Here, we address the issue of standardizing data by proposing
the concept of SRDAs, which fulfill a set of content and technical
requirements that enable important business benefits in the
pharmaceutical industry. SRDAs are an efficient representation
of data and descriptive information that enables full interpreta-
tion of data assets without external dependencies. For instance,
a SRDA that records the result of a particular laboratory experi-
ment will also contain information about experimental settings,
equipment, and the overall project. By maintaining this contex-
tual information, SRDAs support the FAIR principles of findabil-
ity, interoperability, and reuse; ensure auditability by tracking
how data are collected and processed;7 and establish data integ-
ity, UT, USA. Della Corte, D. (Dennis.dellacorte@byu.edu)
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rity through consistent handling and long-term preservation.8

This approach can capture data with different levels of granular-
ity, catering for different payloads and semantic models.

SRDAs are introduced here at the conceptual level; thus, it is
necessary to find a suitable data format or language to implement
them. Several specific formats and languages for the reuse and
long-term preservation of scientific data in the pharmaceutical
domain have been proposed, with four distinct strategies for
structuring information: JCAMP-DX;9 a flavor of JSON (JSON is
a technology widely used in the application landscape. Although
JSON is a file format and not a data standard, we include it in the
comparison as a proxy to represent various solutions built on this
technology);10) AnIML (an XML-based format proposed in
200411,12 and ADF (established in 2017,13 and based on
HDF5,14 a scientific data format).15 The first three annotate scien-
tific data using labels (in the case of JCAMP-DX), keys (in the case
of JSON), or tags (in the case of XML), which provide metadata
describing the experimental results. ADF is structured in three
layers: recording metadata, long-term readable data, and the orig-
inal information in its raw form. All these models are focused on
capturing semantic information, which ties the data to the con-
text in which they were created; in the case of the pharmaceuti-
cal lab, this is the equipment and processes within the
laboratory.16,17 Having this contextual information enables a
data set to be understood by a broader audience that is not an
expert in the workflow that created it, such as a data scientist
who wants to reuse chromatography data sets. Two other formats
were considered but ultimately excluded from our analysis:
mzML, because its development stopped in 2017, and JSON-
LD, because the authors found limited implementation reports
from scientific laboratories. Other legacy formats with limited
relevance include CDF and netCDF.18,19

Here, we introduce SRDAs and analyze which of the four data
formats can best support the implementation of them. To
achieve this goal, requirements for SRDAs are extracted from
common use cases in the pharmaceutical industry. Then, a fit-
gap analysis for each requirement is conducted to determine
the most suitable format to fulfil it. We then discuss typical use
cases in the pharmaceutical industry, focusing on the require-
ments they pose for SRDAs, introduce the data formats discussed
in this analysis; perform a fit-gap analysis for the chosen require-
ments; and then summarize and discuss the analysis.
Evaluation criteria from pharmaceutical industry-use
cases
The requirements that an SRDA needs to fulfill can be derived
from the broad number of pharmaceutical-use cases in which
SRDAs are deployed. One example is the electronic archiving of
experimental raw data, together with the reports created to inter-
pret them. Multiple top pharma companies have been working
to answer the question of how to effectively represent data, aim-
ing to both abide by regulatory demands and preserve the infor-
mation in a way that facilitates future reuse.2 The use cases
discussed herein capture the complexity of this undertaking
and reveal several specific points of focus.
2 www.drugdiscoverytoday.com
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Open archival information system
One frequent use case in regulated industries is the need to pre-
serve data longer term for compliance reasons. The leading
industry standard Open Archival Information System (OAIS) is
used for long-term archival by multiple major organizations.20

The OAIS framework introduces the concept of an information
package, which creates a logical link between information and
raw data. In this context, the requirements for SRDAs are that
the raw data representation is persistent in the long term, the
associated metadata are of high quality (i.e., are easy to find
and provide meaningful context), and an audit trail exists to
ensure the continual tracking of changes to the SRDA.

Data-centric IT landscape
Another common use case concerns the creation of a data-centric
IT landscape within a large enterprise (such as Novartis). To effec-
tively connect and exchange information, SRDAs need to fulfill
several requirements: data representations should be created in
a format that is easy to generate and exchange among systems;
this format also needs to be extensible, so that it can collect
and integrate other descriptive information as required. As an
example, for the second requirement, a data entry from a Labo-
ratory Information Management System (LIMS) might need to
be made available in a data science dashboard; however, the
LIMS does not contain a definition of the associated project. In
this situation, a workflow needs to be able to extract additional
project information from a master data system and integrate it
into the LIMS data export. Native vendor formats are often diffi-
cult to enrich in such a fashion. To solve this, an SRDA needs to
standardize information across a diverse set of data sources and
be able to be rapidly enriched with additional descriptive infor-
mation. In many cases, this process must also be governable
through GxP validated workflows.21

Instrument data integration
Integration of raw data from laboratory instruments, such as
ELISA, and downstream data analysis tools, such as dashboards,
is a common problem in smaller biotech companies as well as
large pharma. However, without the IT infrastructure of large
pharmaceutical organizations, independent small companies
use SRDAs to enable project-wide analysis. The main require-
ments in this scenario are that homegrown systems can be
quickly updated to produce data according to SRDA standards.
SRDAs also need to be well structured, enforcing data quality that
allows for a successful merger and acquisition of the biotech in
the future.

Harmonization of metadata and raw data
The harmonization of raw data from mainstream laboratory sys-
tems into SRDAs (for data processing and archiving) is a typical
use case for large pharmaceutical companies. Some of the
requirements are to build SRDA representations for nuclear mag-
netic resonance (NMR) data, build SRDA representations for mass
spectrometry data, and build SRDA representations for liquid
chromatography (LC)-UV data. To accurately represent the
highly complex machines producing these data, the requirement
to accurately describe experimental conditions and raw data
measurements also applies. Additionally, it is important to
://doi.org/10.1016/j.drudis.2021.07.019
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ensure that the data models used are adhered to across different
companies, ensuring that an SRDA can be truly self-reporting
when opened in another context.
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Collaboration between entities
A crucial use case in the industry is the exchange of information
between contract research organizations (CROs) and pharmaceu-
tical companies. Clearly, the requirement that SRDAs effectively
communicate experimental details and measurements is vital,
and the current use of PDF and EXCEL documents does not fully
support this. As a practical implementation example for this
requirement, one top pharma company is currently working on
SRDA implementations that can solve this gap through a
vendor-independent processing pipeline. Additionally, this com-
pany is developing data/metadata-extraction solutions to power
TABLE 1

Example implementations in three standards or languages.

Please cite this article in press as: D. Della Corte et al., Drug Discovery Today (2021), https
visualizations. A collection of SRDAs is also expected to be useful
in this context as a training set for the development of machine-
learning models.
Available data container, languages, and standards
Preserving and exchanging scientific information is essential for
research to flourish,22 but this can only be achieved by preserv-
ing data using appropriate formats. Over time, different formats
have been developed,23 such as HDF5.14 These were designed to
provide methodical and thorough ways of structuring and main-
taining records. However, in many cases, they ultimately impose
limitations on the reuse, long-term preservation, and manage-
ment of data, impacting research progress and the development
of products. This is a crucial issue in the pharmaceutical industry,
in which data must be preserved and made easily accessible for
www.drugdiscoverytoday.com 3

://doi.org/10.1016/j.drudis.2021.07.019

https://doi.org/10.1016/j.drudis.2021.07.019


IN
FO

R
M
A
TIC

S
(O

R
A
N
G
E)

INFORMATICS (ORANGE) Drug Discovery Today d Volume xx, Number xx d xxx 2021
research and regulatory purposes.1 In this context, four data for-
mats commonly used in this domain are further explored herein.

JCAMP-DX is a standard format developed during the late
1980s for exchanging data produced by spectrometers.9

JCAMP-DX files are structured in blocks, which contain labeled
records with spectral data. These blocks contain an associated
scope, which captures the parameters used when producing
these data. More extensive notes, which can be used to describe
the equipment and observation method in more detail, can also
be added. An example of a JCAMP-DX file is shown in Table 1.
This format was designed to allow for spectral data to be consis-
tently represented and exchanged, regardless of the make and
model of the instrument that produced them.9 However, it was
not designed to satisfy the requirement of rapid searching over
large amounts of data. Proprietary extensions of JCAMP-DX have
been made available by different vendors, but those are not pub-
licly documented.

JSON is one of the languages that has been proposed to tackle
the complexity of scientific, in particular, pharmaceutical,
data.10 In this context JSON syntax is used to record the different
data attributes.24 An example of this type of JSON is provided in
Table 1. In this paradigm, data are organized using key-value
pairs, in which the value captures the data and the key contextu-
ally describes them. To maintain consistency across different
semantic terms, this format uses JSON schemas,10 which con-
strain which terms can be used for describing data. JSON can cap-
ture complex data, allowing for both single and
multidimensional arrays.

AnIML is another data format that has gained traction in the
pharmaceutical domain.12 The acronym stands for Analytical
Information Markup Language, indicating that the format is
built upon XML.25 An example of an AnIML file is provided in
Table 1. AnIML is organized in two different layers. The first is
the core layer, which holds data on results, samples, and audit
FIGURE 1
Illustration of the structure of an Allotrope data format (ADF) file.

4 www.drugdiscoverytoday.com
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trails. The second is the technique definition layer, which pro-
vides semantic metadata for the information in the core layer.
This provides additional context, including experimental set-
tings and data connections. In practice, the information of
AnIML is controlled through the use of XML schemas, which dic-
tate how data are organized.26,27

A precompetitive consortium of Pharma companies and ven-
dors, the Allotrope Foundation, proposed the ADF to preserve sci-
entific data, with a structure that is conducive to the encoding of
pharmaceutical information based on HDF5.13–15 The structure
of an ADF file is illustrated in Fig. 1. ADF is organized around four
different components. The first is data description, which con-
tains metadata that preserve information regarding the prove-
nance and type of data and is based on the resource
description framework (RDF).28 This description captures the
context in which data were produced, including information
about instruments, processes, samples, and results. The second
is the data cube, which preserves analytical data that are repre-
sented either as a single-dimensional or multidimensional array,
depending on what kind of records are being documented. The
third is the data package, which allows for the preservation of
original files of any format for sharing, compliance, and preserva-
tion reasons. The fourth is data provenance and fixity, which
tracks any changes that have been made to the data.29

Fit-gap analysis
To understand which existing formats best fulfill SRDA require-
ments, we conducted a fit-gap analysis. We derived a list of
requirements from the pharmaceutical use cases described earlier
that we used to compare the different formats. The requirements
were grouped into three classes: (i) business requirements to rep-
resent and implement important data models; (ii) technical
requirements to deliver scalable SRDAs; and (iii) application
requirements to ensure the usability of SRDAs for processes and
Drug Discovery Today
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analytics. The following sections present the details of this
comparison.

Content requirements
Completeness of contextual metadata
To support a consistent understanding of digitally preserved
data, the metadata that provide fundamental contextual infor-
mation must be sufficiently complete for the intended purpose.
Unfortunately, JCAMP-DX offers no mechanisms for enforcing
sufficient completeness when preserving metadata. For JSON
and AnIML, the use of schemas partially ensures that metadata
are captured, but this mechanism still allows for the creation of
blank metadata structures. By contrast, ADF provides a logical
metadata model and enables metadata to be provided in their
entirety for reuse and long-term preservation. An SRDA with a
fully described context allows for rapid interpretation and reuse
by scientists.

LC/UV data models
Similarly, other instruments produce data that follow LC-UV
models. JCAMP-DX and JSON do not offer any support to these
models, whereas AnIML partially supports some of them. Mean-
while, ADF offers full support to these models.

Mass spectrometry data models
Yet another subset of instruments produces information

according to mass spectrometry models. JSON does not offer sup-
port to these models, whereas AnIML and ADF partially support
them. A working group is actively trying to close this gap for
ADF. By contrast, JCAMP-DX offers full support to these
models.30

NMR data models
A certain subset of instruments produces information according
to a NMR data model. Whereas JSON does not offer any support
to this model, JCAMP-DX, AnIML, and ADF partially support it
(i.e., the latter two offer some technique definitions and ontolo-
gies for NMR, but not all required components are publicly
available).

Responsive standardization body or community
Although not directly derived from a use case, a reasonable
requirement for any standard is an active community that
ensures consistent updates and developments to maintain and
adjust a format over time. JCAMP-DX lacks an official support
group and is only maintained by a small group of developers,
most with direct association with vendor company, Bruker. JSON
lacks an official standardization body and, although some com-
panies build solutions around it, it does not qualify as a standard.
AnIML is supported by a small community with a limited num-
ber of companies that drive it forward. The current specification
was released in 2007 as a draft and has not been updated since.
Whereas JCAMP-DX and JSON do not fulfill this requirement,
AnIML does so partially. By contrast, ADF is maintained by the
well-established Allotrope Foundation, with over ten large
pharma member companies and over 50 partner companies,
including major laboratory and software vendors, consulting
firms, and academic groups. Monthly community calls, workings
groups, full-time employees, and biannual workshops within the
Please cite this article in press as: D. Della Corte et al., Drug Discovery Today (2021), https
Allotrope Foundation completely fulfill this requirement. A sci-
entist with needs currently unmet by existing standards is most
likely to find support within the Allotrope Foundation.
Standardized data model support
Scientific instruments often produce data by following a stan-
dardized data model. Using a data format that is compatible with
the instrument simplifies the reuse, long-term preservation, and
exchange of information. As a general format, JSON offers no
support to standardized models. JCAMP-DX partially fulfills this
requirement, but only for a narrow range of instruments. By con-
trast, AnIML and ADF fully support the use of standardized data
models. ADF especially benefits from multiple active working
groups, who have released over 30 data models so far and are
actively developing additional models.
Technical requirements
Ease of generation
A cornerstone of data centricity is the standardization of data
structures, which is also a goal of SRDAs; one of the ways of ful-
filling this requirement is by generating files in a consistent for-
mat. This generation process should be easy to encourage
consistent data structure. For ADF, manual file generation is
not easy because this format has a complex structure and
requires multiple layers of information. However, multiple solu-
tions exist that programmatically create high-quality ADF files.
For JCAMP-DX and AnIML, the manual process is more straight-
forward but still requires the data to abide by specific schemas,
which add to the complexity of the process. For JSON, this
requirement could be completely fulfilled, because this format
is flexible and does not require any schemas or additional layers
to be observed. However, without a schema, a JSON file lacks
standardization and, therefore, only partially meets this require-
ment. The authors recommend using a schema when consider-
ing JSON as an SRDA candidate. Scientists should focus less on
manually creating SRDAs but rather on deploying high perfor-
mance systems to automate data generation, which is easiest
for standardized formats, such as ADF.
Efficiently extensible
When centralizing data with SRDAs, it is important to create
structures that can be easily extended with additional informa-
tion, thus preserving a consistent data model. A concrete exam-
ple would be adding new chromatographs to an existing report
inside an SRDA or to expand the list of descriptive metadata tags.
This is not possible for JCAMP-DX, because files in this format
require decoding before modification. For AnIML, extension is
relatively efficient, although it must strictly observe the structure
imposed by the schema. One limitation of AnIML is that the
metadata reference and data model are inextricably bound up
in the XML schema. Given that AnIML cannot leverage an exter-
nal source, any updates to, or addition of, metadata will require a
version change to the format. By contrast, ADF uses a modular
architecture to address this point, which enables efficient exten-
sibility. Once again, JSON and ADF fully support this require-
ment because these formats are flexible and allow for extension.
www.drugdiscoverytoday.com 5
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Efficient storing and input/output of binary data
Despite reducing costs of data storage, the efficient storing of bin-
ary data is crucial to allow for performant operations on SRDAs.
JCAMP-DX, AnIML, and JSON are text-based formats, which
leads to large files for binary data, even when encoded as base64,
and makes reading/writing slow for large-volume binary data,
such as high-end mass spectrometry data. By contrast, ADF is
based on HDF5, which stores binary data in a compact format
and supports fast input/output of binary data. The scientist ben-
efits from reduced cloud-hosting costs and faster access to rele-
vant measurement data from efficiently stored binary data.
Flexible for many sources
It is also fundamental to unify information from many different
sources under a consistent data structure, allowing for the unifi-
cation of previously disparate assets. Unfortunately, JCAMP-DX
does not support this requirement, because this format is only
suitable for a specific type of scientific data. AnIML partially
meets this requirement, as long as the data fit the predefined for-
mat structure. JSON and ADF fully support this requirement,
seamlessly handling data from varied domains.
Inbuilt audit trailing
One of the advantages of digital preservation is that it allows
users to view the history of data, from their provenance to their
current state. Audit trailing is especially important to guarantee
GxP compliance and data genealogy. Although JCAMP-DX and
JSON do not provide automated audit trail capabilities, AnIML
partially provides it by incorporating it as an element of its
schema. By contrast, ADF offers fully automated audit trailing,
providing a complete record for the use of this functionality.
Inbuilt checksums
To detect errors resulting from the transfer or corruption of data
after long-term digital preservation, checksum mechanisms can
be used to verify data integrity. Although JCAMP-DX, JSON,
and AnIML do not offer integrated and API-supported checksum
functionality, ADF does. Instead, JCAMP-DX offers limited error
checking of raw data in some cases and AnIML supports signa-
tures over instance data, which partially fulfill this requirement.
Long-term stable format
A key requirement for SRDAs is that the underlying format can
digitally preserve data in a stable manner, with a long-term out-
look. Although JCAMP-DX has been established since the late
1980s, it lacks detailed documentation and does not have a stable
source of financial support. JSON is a flexible format that is
rapidly changing, and this, combined with its lack of strict guide-
lines for archival, means that data might become more difficult
to access the longer they are preserved. AnIML relies on its under-
lying XML standard, which requires users to retain this format
across the organization when preserving and transporting data.
ADF uses semantic layers, capturing contextual information
about the data and making them stable for reuse and long-term
preservation. Without using a long-term stable format, scientists
risk that their data will no longer be usable in a few years.
6 www.drugdiscoverytoday.com
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Random read/write access
A nonfunctional requirement that encourages data centricity
and the implementation of SRDAs is the ability to nonsequen-
tially read or write sections of data, because this allows informa-
tion to be quickly accessed and, thus, preserved in a unified way.
A concrete example would be reading out one pair of X and Y val-
ues from a large set of chromatographs stored in the same SRDA,
without first parsing the full file. Whereas JCAMP-DX, JSON, and
AnIML were not designed to allow random file accesses, ADF
fully supports it.
Application requirements
CRO data exchange
It is crucial for data formats to facilitate collaboration between
CROs and pharmaceutical companies. Although JCAMP-DX,
JSON, and AnIML are formats that offer some data standardiza-
tion, ADF is the only format that offers separate layers of seman-
tic information that fully explain and contextualize the data.
Ease of building GxP validated workflows
When processing information with the intent of structuring it in
a unified and consistent manner (i.e., supporting data centricity
and the creation of SRDAs), it is fundamental to abide by indus-
try guidelines and regulations (Good Laboratory, Clinical, Manu-
facturing, or other Practices; GxP). These requirements are met
by designing suitable workflows for data processing, and the
choice of a suitable data format is a crucial component in this
system. Although JCAMP-DX and JSON can be made to abide
by GxP, they were not inherently created to address this require-
ment. By contrast, AnIML and ADF fully cater to GxP compliance
because they have dedicated audit trail functionality to ensure
data lineage through the information lifecycle.
Ensures data quality for data sharing or merger and
acquisitions
Another reality in the biotech and pharma industries is that com-
panies often collaborate or are consolidated through mergers and
acquisitions, and part of this process involves the combination of
independent data collections into a single high-quality set.
JCAMP-DX and JSON were not designed to support this process.
For AnIML, its use of schemas and audit trails provides some
robustness when merging information. Finally, ADF can fully
support this process, offering audit trailing and layers of meta-
data that provide contextual information about the data in each
subcollection.
Findability through metadata
Being able to find and access data by searching its associated
metadata information is crucial for digital preservation and data
reuse. JCAMP-DX, JSON, and AnIML partially support this
requirement, providing mechanisms for defining data schemas
that capture syntactic information. However, these formats do
not provide a way of capturing the semantic definitions associ-
ated with this metadata. Meanwhile, ADF has a layer dedicated
to describing the semantic model of the data, providing a robust
way of capturing specific metadata.
://doi.org/10.1016/j.drudis.2021.07.019
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Interoperability with other techniques
In the context of biotech and pharma, it is crucial to ensure that
systems have a high degree of interoperability, which is largely
dependent on the formats used for data reuse, long-term preser-
vation, and exchange. This interoperability can be defined either
at the physical level or at the data content level, and this discus-
sion applies to the latter. In this context, JSON provides no inter-
operability (because it has no standardization for labeling in the
absence of accepted data model schemas). JCAMP-DX and
AnIML partially provide interoperability, as long as the same
technique definition is used by all parties. ADF is the only format
that provides full interoperability, even for multiple technique
definitions.
IN
FO

R

Power holistic data visualization
In the context of data science, it is valuable to structure informa-
tion in a way that can be easily visualized. Although it is possible
to visualize the structure of data in JCAMP-DX, JSON, and
AnIML, ADF also offers the ability to visualize the additional con-
textual metadata structure. With the right tool, a data-centric lab
can be rapidly enabled when data are stored in the ADF.31
Support machine learning
Another popular demand in the field of data science is the ability
to use machine-learning techniques to identify significant pat-
terns in the data. Once again, although the JCAMP-DX, JSON,
and AnIML formats do not preclude further analysis using
machine-learning algorithms, ADF provides metadata to assist
the exploration of information from a machine-learning
perspective.
TABLE 2

Which existing format fulfills SRDA requirements best?

Requirement Use case

Content requirements
Completeness of contextual metadata Digital preservati
LC/UV Data models Instruments
Mass spectrometry data models Instruments
NMR data models Instruments
Responsive standardization body or community Long-term support
Standardized data model support Instruments
Technical requirements
Ease of generation Data centricity
Efficiently extensible Data centricity
Efficient storing and input/output of binary data Data science
Flexible for many sources Data centricity
Inbuilt audit trailing Digital preservation
Inbuilt checksums Digital preservation
Long-term stable format Digital preservation
Random read/write access Data centricity
Application requirements
CRO data exchange Collaboration
Ease of building GxP-validated workflows Data centricity
Ensures data quality for sharing/M&A Biotech and pharm
Findability through metadata Digital preservation
Interoperability with other techniques Biotech and pharm
Power holistic data visualization Data science
Support machine learning Data science
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Concluding remarks
A summary of the fit-gap analysis is presented in Table 2, which
lists each SRDA requirement considered, its associated industry
use case, and how well the different data formats meet it. As
shown in Table 2, ADF fully meets most of the requirements,
with the exception of the requirements on compatibility with
specific data models (partially met), and the requirement on ease
of generation (partially meet). By contrast, JCAMP-DX, JSON,
and AnIML mostly only partially meet the requirements. Even
though JSON fully meets the more general requirements related
to flexibility, extensibility, and interoperability, it does not cater
to the specific needs of the pharmaceutical industry (e.g., support
of specific data models). From this analysis, it becomes clear that
ADF is the data format that best meets the requirements for
SRDAs.

In conclusion, this work derived requirements for SRDAs from
common pharmaceutical industry use cases and analyzed the
ability of four scientific data formats to fulfill them: JCAMP-
DX, JSON, AnIML, and ADF. More specifically, it compared these
four formats to determine which could best meet the require-
ments for the concept of SRDAs, which correspond to data that
are preserved in a way that also captures contextual information.
A fit-gap analysis was carried out to determine how well each for-
mat meets SRDA requirements, and results showed that ADF was
the format best suited to the needs of the pharmaceutical indus-
try. Beyond the evaluated data models, ADF supports currently
over 30 additional data models, with more being released annu-
ally by an active community. Only ADF files following the stan-
dard in full and using the Allotrope Data Models qualify as
SRDAs. Simply using ADF as a wrapper around JSON or other files
Format

JCAMP-DX JSON AnIML ADF

on No Partial Partial Full
No No Partial Full
Full No Partial Partial
Partial No Partial Partial
No No Partial Full
Partial No Full Full

Partial Partial Partial Partial
No Full Partial Full
No No No Full
No Full Partial Full
No No Partial Full
Partial No Partial Full
Partial No Partial Full
No No No Full

Partial Partial Partial Full
Partial Partial Full Full

a No No Partial Full
Partial Partial Partial Full

a Partial No Partial Full
Partial Partial Partial Full
Partial Partial Partial Full
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is not sufficient and leads to files that do not pass ADF validation.
In the future, ADF should be analyzed according to FAIR data
principles to determine whether it is similarly well suited to
the needs of a broader variety of industrial domains in addition
to pharmaceuticals.
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