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Two years ago, we outlined in this column [Eur. Math. Soc. Newsl.
116, 44–47 (2020)] the vision of zbMATH Open as an open service
for mathematics research. Here we give a report of the achieve-
ments since then.

1 Introduction

Two years ago, we described in this column [3] the vision to trans-
form zbMATH into an open service for mathematics research.
This has now become reality. For this, we first received a spe-
cial transformation grant from the German government, with the
perspective that this could be made permanent after a successful
evaluation after two years. In our original application we outlined
several goals which are essential requirements of the mathem-
atical community. We described and discussed these also in [3].
Naturally, the two-year period is not long enough to expect that
these long-term goals could have been fully completed. In addition,
the pandemic created its own problems, which needed to be ad-
dressed. In spite of this, we were able to achieve several important
milestones, and the evaluation at the end of the transformation
period confirmed that the grant should be made permanent. This
now provides zbMATH Open with sustainable funding through
the Leibniz Association. In this column, we report on the progress
made since the beginning of 2020.

2 Preparatory work (I): Legal aspects

What has been known as the reviewing service Zentralblatt, or
later the zbMATH database, has been, since its foundation by
Springer Verlag in 1931, a commercial enterprise for many dec-
ades. Naturally, all legal documents, from the editorial contract
to the indexing agreements with the many publishers active in
mathematics, were based on the model of a subscription service,
distributed to a well-defined and controllable set of customers
(with their own licensing contracts of various terms). Transition to
an Open Access, and beyond this, Open Data platform, required
a complete replacement of these agreements, and related negoti-

ations. One result of the new editorial contract among the editorial
institutions of the European Mathematical Society, FIZ Karlsruhe –
Leibniz Institute for Information Infrastructure, and Heidelberg
Academy of Sciences was that the role of a commercial distributor,
which had been faithfully fulfilled by Springer-Nature AG, became
obsolete, leading to separation from a partner which had been
very supportive of zbMATH, especially in difficult times. On this
occasion, we would like to thank our Springer colleagues for their
decades of commitment, which was concluded by enabling a co-
ordinated transition from subscriptions to Open Access by the end
of 2020. The role of the European Mathematical Society, as well
as the Heidelberg Academy, is to ensure the scientific quality of
the service and to further the involvement of the mathematical
community.

Retrospectively, the amount of legal preparations achieved in
2020 is amazing. This includes a large number of renewed indexing
contracts with a majority of mathematics publishers, a considerable
fraction of which agreed also to Open Data services within the new
zbMATH Open platform. While it had already been decided that
all data generated within the zbMATH editorial process (such as
reviews, author disambiguation data, or semantic and interlinking
data) would be made available under the CC BY-SA license (https://
creativecommons.org/licenses/by-sa/4.0/), not all publisher data
would fit into this framework (e.g., abstracts which would usually
come along with a different copyright). Nevertheless, this could be
achieved for a considerable part of the information, and there is
ongoing activity to expand this further.

Also, the terms and conditions, both for users and reviewers,
needed to be adapted and agreed upon accordingly. Finally, also the
interface was revised, with a special focus on minimizing storage
and processing of user data. While subscriptions required extensive
user tracking and detailed usage reports for libraries, Open Access
allowed for a platform built upon the principle of data avoidance
and data minimization. As of 2021, zbMATH Open is indeed one of
the few complex sites that can be used completely without cookies
(and consequently, without the need for cookie approvals), with
only optional cookies needed to store user preferences if required.

With these issues being completed in the course of 2020, it
was possible to start zbMATH Open at the beginning of 2020.
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3 Becoming open: Usage and feedback

2021 being the first full year of zbMATH Open as a free service, it
might be interesting to look at some experiences concerning usage
figures and user feedback. Without doubt, the special situation of
the still looming COVID-19 pandemic and its impact on working be-
haviour drove both the interest in and the willingness to contribute
to open services. Historically, zbMATH had about 1,200 subscrip-
tions, where access was often channelled via institutional proxies.
This resulted in about 22 million customer searches per year. In an
average month of 2021, more than 60,000 unique visitors used
the site, with more than 32 million searches in 2021. This indicates
that Open Access facilitated a much broader user base, which is
still growing (2022 March figures point toward 40 million searches
this year).

The user survey conducted mid-2021 supported this impres-
sion. While a lot of specific questions pertaining to zbMATH Open
features, service and data quality confirmed a significant positive
development in comparison with the already very good results
of 2016 (see the report [1]), the main emphasis of the feedback
was an unanimously enthusiastic appreciation of becoming open.
Moreover, numerous ideas for the further improvement have been
advanced, some of which could already be incorporated, such as an
upgrade of the BibTEX output toward a more standardized format
and the improvement of the site’s accessibility. We experienced also
a new overwhelming willingness to contribute reviews. Despite the
universal limitations caused by the pandemic, almost 1,200 new
reviewers joined the service (about twice as many as in previous
years), and 13%more reviews were contributed in 2021 compared
to 2020.

Though it might be unfair to pick a single example, a good
illustration of the increased reach is perhaps Peter Scholze’s review
of the Publ. Res. Inst. Math. Sci. volume containing Shinichi Moch-
izuki’s work Inter-universal Teichmüller theory (https://zbmath.org/
1465.14002). Openly available, is was within days distributed,
linked, and discussed on a large variety of platforms (Reddit, Twitter,
MathOverflow,…), and was retrieved within a few days more than
10,000 times, making it likely the most-read zbMATH review of
all time.

4 Preparatory work (II): Backend upgrades

While the transition to an open service required also some accom-
panying developments, the main efforts were focused on new
features that would be enabled by being an open data platform
allowing to interlink with other free sources. While most of such fea-
tures could not be deployed before 2021, there was a considerable
amount of necessary preparations done in 2020. Among the essen-
tial upgrades in the backend was the replacement of the indexing
software. Since going online in the mid-90s, zbMATH was based on

Figure 1. References to DLMF from the review of the Andrews, Askey and
Roy’s book Special Functions

an in-house code optimized for the specific data that traditionally
formed the service. However, this came along with limitations as
a growing interconnectedness lead to the import of heterogeneous
data from various sources. Hence, the complete indexing code was
replaced by Elasticsearch (www.elastic.co/de/elasticsearch/), which
not just allowed for much more flexibility, but also led to a signi-
ficant speed-up of update as well as search time. Moreover, the
challenging part of retaining the traditional features of the service
could be achieved.

Another key component was the development of a new re-
viewer backend that was also optimized with respect to the experi-
ences of mobile work. It would have been impossible to handle the
growth of the numbers of reviewers and reviews in 2021 without
this system. Simultaneously, the backend and frontend compon-
ents were recoded from Python 2 to Python 3, keeping up with
the status of the programming language in which the system is
developed.

5 New features

The first newly available open data facet even predated the open
access of the interface: In September 2020, the first version of the
zbMATH Open OAI-PMH API was released, based on the data of
the Jahrbuch über die Fortschritte der Mathematik (JFM). This was
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possible thanks to the European Mathematical Society and SUB
Göttingen, which had made these data already available under
a CC BY-SA 4.0 license (more details about JFM as a part of zbMATH
Open have been given earlier in this column, see [11]). The exper-
ience acquired in this initial version facilitated its expansion to
zbMATH Open data in a stable version in 2021 [7,9], which forms
now a core component in distributing zbMATH Open data. Based
on this interface, further APIs with the aim of supporting extended
standards and interlinking specific services are being developed.

An immediate application was the development of a linking
API enabling the interlinking of zbMATH Open and the NIST Digital
Library of Mathematical Functions (DLMF). The system, which can
be adapted in the future to interlink with further research data
resources, was described in this column before [2], and the resulting
interlinking data are now also visible in zbMATH Open.

The more traditional tasks of providing literature and author
information also benefitted considerably from the open approach.
The improved and extended zbMATcH API allowed for the inter-
linking with many more open fulltext sources, not just twice as
many integrated arXiv links, but also almost 100,000 new links to
Unpaywall and CiteSeerX resources. Author profiles contain now
identifiers from and links to as much as 15 external services. Vice
versa, additional information from these sources can be included,
enabling, e.g., the display of various non-ASCII spellings. Further-
more, the profiles differentiate now between various roles, like
author, editor, or further contributions (like appendix authors). Like-
wise, additional information from the coauthor graph is displayed
(both features were frequently asked for in the user surveys).

Figure 2. 2022 zbMATH author profile

It is perhaps also an interesting aspect that the underlying
author disambiguation data have been further improved, with
significant support by the community interface [5] as well as various
external community platforms. The latter comprises such different
examples as the correction of several mistakes in the attribution
of works of Renée Peiffer (of the Peiffer identity) on Twitter [4], as
well as the insight that the Rabinowitsch trick was most likely not,
as commonly assumed, discovered by G. Y. Rainich [12].

Another frequently requested facet that is under active devel-
opment is an affiliation information. There already exists an internal
database of about 15,000 disambiguated entities of mathematical
institutions, which is currently matched to publications and authors.
When completed, this will allow us to release a transparent, open
data institution facet of zbMATH Open – we will be happy to report
on its progress soon!

6 Future developments and projects

The ongoing internal development to integrate and interlink further
publications, author and affiliation information, research data and
community platforms is only one side of the evolving network.
The other is the use of zbMATH Open data in projects conduc-
ted worldwide. Currently, there are several projects which already
make extensive use of zbMATH Open data, especially in semantic
analysis and the history of mathematics. For example, Norbert
Schappacher’s book [8], commissioned on the occasion of the IMU
centenary, contains a detailed analysis of ICM speakers, their net-
works and working fields based on zbMATH Open data. For already
several years, the ISC project Gender Gap in Science (https://gender-
gap-in-science.org/), led by the IMU, is supported by zbMATH Open
data which are an integral part of its visualization platform Gender
Publication Gap (https://gender-publication-gap.f4.htw-berlin.de/;
see also [6] in this column).

Through zbMATH Open data, FIZ Karlsruhe, the institution
which produces, develops, and maintains zbMATH Open, was able
to engage in several Open Science projects. Perhaps the most
important is the Mathematical Research Data initiative (MarDI)
(https://mardi4nfdi.de), which has been approved as the mathem-
atics consortium within the evolving German National Research
Data Infrastructure and started to work by the end of 2021. Other
projects, pertaining to the EOSC cloud and the development of
a math-specific plagiarism detection system based on [10], have
already been approved, while others are in preparation.

But, above all, it is the mathematics community that drives
the further development of zbMATH Open by providing ideas and
contributions. We highly appreciate the ever-increasing number
of valuable reviews, as well as your suggestions and feedback to
editor@zbmath.org!
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