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Preface
Mathematics is one of the oldest and most important sciences.
Mathematical knowledge is indispensable for any analytical work
and understanding. In its beginnings, it was firmly linked to other
sciences like astronomy and physics. Later, it partially evolved into
an independent science called “pure mathematics”. Advances in
science and technology, however, brought about a further development of mathematical applications. Today, mathematics is one of
the basic sciences which, besides its “classical” fields of application, is present everywhere: in psychology, in sports, in the arts, in
medicine, in agriculture and food technology, in gambling, in the
stock exchange market, and many other areas. Within this tradition,
mathematics holds a firm place in education, starting with elementary school up to university teaching dealing with a vast variety of
mathematical applications and services.
The wealth of mathematical knowledge and the methods of teaching mathematics are reflected in mathematical publications. The
need to document this literature and to improve its accessibility
was already recognized in the 19th century. FIZ Karlsruhe has taken
on this task right from the time of its foundation, using modern
information technology. Together with other European partners and
the publishing house Springer, FIZ Karlsruhe offers and edits
ZMATH, the world’s largest searchable bibliographical database in
mathematics. The information offer is complemented by a similar
database covering mathematical education, MathEduc, and the
database STMA-Z focusing on statistical applications.
This brochure presents the service spectrum mentioned above,
which also includes ELibM, the most comprehensive collection of
freely accessible electronic full texts of mathematical publications.
In addition, practical examples illustrate how information retrieved
from databases can be used in biographical research, and for finding solutions to long-term problems and unexpected applications in
mathematics.

This brochure is dedicated to Dr. Peter Luksch,
former Vice President Content and Services,
who retired at the end of 2007.

Sabine Brünger-Weilandt and Bernd Wegner

Sabine Brünger-Weilandt
President & CEO, FIZ Karlsruhe

Prof. Dr. Bernd Wegner
Editor in Chief, Zentralblatt MATH
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Mathematics on the Web: Information
services of FIZ Karlsruhe/Zentralblatt
MATH – a current status report
The Department of Mathematics and Computer Science (Berlin) of FIZ Karlsruhe, Germany
produces four international databases and contributes to three portal sites in its scientific
areas. In this article we will survey these services and provide an outlook on the future
development of information services on the web.

Olaf Ninnemann

Historical survey
In 1977, FIZ Karlsruhe was founded as “ Fachinformationszentrum Mathematik, Physik, Energie’’ integrating a number of German service institutes, among
them the editorial offices of “Zentralblatt für Mathematik’’ in Berlin and “Zentralblatt für Didaktik der
Mathematik’’ in Karlsruhe. FIZ Karlsruhe is a non-profit
organization for scientific information services and a
member of the Leibniz Association, with the aim to
foster access to the worldwide published scientifictechnical information. On the one hand FIZ Karlsruhe
facilitates public access to these data, on the other
hand it establishes and produces information services
concerning these data. The institutes of the Leibniz
Association are supported by the Federal Republic of
Germany and the Federal States as individual research
institutes or as institutes producing research services.
The central activities of FIZ Karlsruhe are the Online
service STN International, the creation and production
of databases and portal sites for its scientific fields,
document delivery via FIZ AutoDoc and the development of e-Science solutions, such as the KnowEsis
products.
With respect to databases, FIZ Karlsruhe has since its
foundation been responsible for Zentralblatt MATH
(ZMATH) and MathEduc (former Zentralblatt für Didaktik der Mathematik, ZDM), two worldwide renowned
database services in mathematics research and education, respectively. In addition, as a result of the

ERAM project of the German Research Foundation, the
database of the “Jahrbuch über die Fortschritte der
Mathematik (1868-1942)” has been integrated into
ZMATH in 2004 and is still offered independently
according to the guidelines of the DFG (German Research Foundation). Finally, in 2006, a new database
in statistics and applications of statistics was launched under the heading STMA-Z in collaboration with the
Institute for Statistical Information (ISI) in Voorburg,
The Netherlands as a successor of their CD/print information service STMA which ceased publication in 2005.
New Internet offers have been established in form of
mathematics portal sites. One of these is the wellknown EMIS server (a joint effort of EMS and FIZ Karlsruhe) mirrored at over 40 sites worldwide and offering a
superb digital library ELIB-M giving open access to
almost 100 mathematical journals, electronic books,
and conference proceedings and new documents like
Geometric Models and others. Moreover, EMIS offers a
unique access point to the databases ZMATH,
MathEduc, STMA-Z and many more. Another new
mathematics portal site has been established at FIZ
Karlsruhe, offering additional information on special
topics from pure and applied mathematics for academic
and non-academic users. The list of items covered
includes the fields of Mathematical Finance, Statistics,
Mathematical Education, and History of Mathematics.
The addition of topics like Computational Fluid
Dynamics, New Materials, and Control Theory is in
preparation.
The stable production and constant development of
these services in cooperation with national and international partners is one of the major aims of FIZ Karlsruhe.
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Zentralblatt MATH was founded by the publisher
Springer in 1931, aiming at an up-to-date review service for mathematical publications, since the existing
“Jahrbuch” had accumulated a delay of approx. five
years due to their policy of collecting the complete set
of reviews for one particular year before final publication. Until the mid-70s of the last century ZMATH
appeared only in printed form. In the late seventies
first retrieval tests were carried out and at the time of
integration of ZMATH into FIZ Karlsruhe, the first
online version based on the metadata was made available to the public via the INKA host of FIZ Karlsruhe,
which caused a sensation at the delayed 1983 ICM at
Warsaw where online access to the database could be
presented. A much more improved version allowing to
search also within the review texts ands with additional keywords, was made accessible worldwide two
years later via STN International, the online service of
FIZ Karlsruhe and Chemical Abstracts Service, Columbus, Ohio.
As early as 1993, ZMATH was offered via the internet
as a result of a German project aiming at the improvement of database usage based on accessibility of
information at the user’s desk. Another major improvement of the database offer was achieved by installing
the specialized retrieval software of the French partner Cellule MathDoc from the University of Grenoble.
Since then this software has been continuously
enhanced and new user interfaces were designed.
This was part of an EU project (2000 - 2004) on Large
Infrastructures in Mathematics and Enhanced Services
(LIMES) aiming at a stronger Europeanization of Zentralblatt MATH by supporting the creation of new access
and input structures in certain European countries.
Also in 1993, responsibility for the editorial office shifted from Springer to FIZ Karlsruhe, allowing to establish a publisher-independent platform. Since 1996,
when the EMS entered the editorial board, ZMATH has
been edited by EMS, Heidelberg Academy and FIZ
Karlsruhe, with Springer Verlag acting as publisher.
Today ZMATH represents the most complete (over 2.7
million items) and longest running database service
(1868 to present) in mathematics offering numerous
specialities such as linking to over a million online
articles via DOI, library repositories, and national
archives, and display formats xml, pdf, and MathML
soon to come.
In mathematics education the database MathEduc
(previously MATHDI) covering the worldwide publications (1975 to present) has been offered since 2002

via the EMIS/FIZ Karlsruhe mathematics server using
the same French based software on the internet. The
service is edited by the German Society for Education
in Mathematics (GDM), EMS and FIZ Karlsruhe.

What kind of information is offered?
The databases ZMATH, MathEduc and STMA-Z cover
peer-reviewed publications in their fields including
applied areas. Publication is meant here in a rather
broad sense, including articles from journals, collections and conferences, monographs and textbooks,
theses and habilitations (if communicated), multimedia publications on CD, DVD and videos, as well as
web documents (for example geometric models, special data collections like databases for codes, lattices,
and others) from all over the world.
The database entries contain exact bibliographic
information, reviews from independent experts and/
or abstracts provided by authors /publishers, keywords assigned by reviewers/editors, links to online
articles (via persistent identifiers such as DOI to
publishers and via general html links to digital libraries), and finally links to document delivery services.
Further extensions to authors’ affiliations and cited
literature including links to ZMATH are in preparation.
ZMATH currently offers more than 2.7 million items
(1868 – present) incorporating 220,000 items from
the Jahrbuch JFM, MathEduc over 120,000 items, and
STMA-Z approx. 350,000 data sets.
The portal sites EMIS, MATH, and io-port.net extend
the coverage to preprints, non-refereed material, and
topical sites hosting general information on institutions, societies, companies, database retrieval options, and many more. EMIS also hosts the Digital Math
Library ELIB-M giving open access to approx. 100
math journals, and conferences and monographs and
a number of special collections (Erdös publications).
European projects can be also looked up here.

How to access this information
The online databases are offered via the internet and
are subject to subscriptions (see the links at the end
of the article for details). As a service for the public,
the databases offer a limited answer set for free in
order to allow teachers, students and other interested
people to access the information provided. CD/DVD
versions are published for remote or individual access
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and the print versions can be found in most libraries
(or alternatively online access is offered there). For
special activities (bibliographies, demonstrations,
etc.) one should contact the editorial office for special
arrangements.

High quality metadata and unique search
facilities
Highlight of the databases is of course the quality of
the data contained. They have been selected, approved, standardized and evaluated by experts for
more than 140 years. This is extremely helpful in finding author names, journal abbreviations and ISSN,
monographs and ISBN, and publishers, but nowadays
also DOI for full-text linking and any kind of web-links
have been added. Classification codes, free keywords,
and citations of relevant publications round off this
service.

tions of search terms and the second for linking articles to their reviews (single or batch service) thus
helping authors and publishers to link entire bibliographies with ZMATH.

Highlights – quality and completeness of
our databases
One of the most important advantages of using ZMATH
is the availability of carefully selected and approved
metadata as described above, and its highly specialized content evaluation. The first is carried out by a
well-trained technical staff of librarians and documentalists, the second is the responsibility of more than
30 editors in Berlin plus 12 editorial units in Europe
and Asia, from Prague to Beijing, just to name a few.
Among others they are responsible for a high standard math text editing, incl. classifying and proofreading, relying on their high skills in mathematics.

A very efficient tool recently introduced is the open
source link that supports participating libraries with
respect to document delivery.
Another unique feature with respect to information
retrieval is session oriented retrieval, so that the user
can select and change any of his/her previous searches, thus making ZMATH a worldwide unique service
of excellence!

Most of the editors act as advisors holding positions
at one of the three Berlin universities or prominent
research institutes.

Hyperlinks – the best support for web
searching

The editorial unions contribute their own national
publications and also a certain number of international ones assigned by the central unit in Berlin. Therefore completeness with respect to publications from
countries like Russia, Ukraine and since 2007 also
China is the best one can achieve today. In 2008,
ZMATH will reach an annual input amounting to the
magical number of 100,000 items.

Internet technology today allows for effective searching and navigating within the databases. In ZMATH
hyperlinks are offered for searching for authors, classification code, journals, reviewers, citations, and full
text links. Easy to handle navigation tools are established for MSC classification and journals and recently for author search leading to the needed search
queries. A number of help tools give additional assistance in case of basic problems.
Moreover, several interfaces mirroring different expertise at the user’s side are available. Simple search is
the familiar web-oriented access to the basic index
where no specifications are necessary, whereas
advanced search offers a more effective field-oriented
search with additional Boolean logic combinations.
Specialties of ZMATH are Expert Search and Lookup
Tool where the first stands for individual combina-

Of equal importance is the panel of approx. 8,000
reviewers, selected/recommended experts that are
assigned by the editors to review individual articles
and books. Their knowledge and expertise reviews
are another highlight of the ZMATH database.

Another highlight is the extensive inclusion of book
literature which requires a close contact to the publishers worldwide. Requiring a much higher amount of
editorial work than articles, ZMATH currently reviews
approx. 3,000 books from introductory textbooks to
highly specialized research monographs.
Above all an international Scientific User Committee
installed under the auspices of the EMS gives recommendations for improving the service or comments on
new developments. The members can be contacted
by any user for proposals on improvements and/or
additional services.
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Applied Areas – mathematics is everywhere: from game theory to tomography
The importance of mathematics for the development
of science, economy and technology has increased
steadily during the last decades. As examples we just
mention cryptographic methods for secure banking
business (and any other system involving PIN numbers like mobile phones), optimization methods for
transportation theory (goods or public transport),
game-theoretic and probabilistic methods in economy
(here mathematicians have received the Nobel prize,
please remember that there is no Nobel prize for
mathematics). A whole new branch of mathematics,
called industrial mathematics, looks for solutions of
real-world problems in production, business,
engineering etc. New methods of image generation in
medicine also require mathematical methods to
recognize disease patterns.
To satisfy the needs of researchers and scientists for
all these areas is a great challenge that ZMATH has
successfully fulfilled during the last 75 years.

Special services for Statistics and
Education
In two special areas, Statistics and Education, FIZ
Karlsruhe’s databases STMA-Z and MathEduc aim at
the same goals as mentioned above and offer a high
amount of expert knowledge.
In addition to the Statistics publications in “Zentralblatt”, STMA-Z contains the material on general statistics from its predecessor STMA published by the ISI
and contributions from journals on applications of
statistics in medicine, agriculture, etc., thereby making it also attractive for people from these nonmathematical areas.
The MathEduc database (former MATHDI) is the only
international database on mathematical education,
evaluating the literature from all levels of education,
from kindergarden to university teaching. National
and international cooperations in Europe and the USA
(ERIC database) play an important role in gaining all
the material necessary for this database. The database also serves as an important entry point to popular and introductory material for laymen, pupils and
others interested in mathematics.

What the future will bring
The growth in diversity of the original (web) sources,
new areas of applications and more detailed information needs (data) but likewise the differences in notations used by engineers and researchers in companies and institutes will require an extension and a
different structure of the services in the future. A first
major step has been taken by establishing the two
portal sites, EMIS and FIZ Karlsruhe Mathematics,
offering specialized information for special topics of
current interest like financial mathematics, statistics,
history and education. Here, one can find additional
factual information and predefined searches in the
respective databases and, in case of EMIS, the digital
library ELIB-M with almost 100 scientific journals for
open access.
The current ViFaMath Project of the German Research
Network with partners TIB Hannover, SUB Göttingen
and FIZ Karlsruhe aims at establishing enhanced integrated search engines for different sources like OPACs,
web and database information, as well as full-text
search in the digital library ELIB-M. This is in a certain
sense a follow-up of a former EU-project called EULER
establishing an integrated search using Z3950 and
database techniques. The introduction and assigning
of additional keys for engineers and applied mathematicians should greatly enhance the value of this
information for other disciplines. But this is only for
the near future!
In the longer terms one might expect the development of new spatial navigation tools, however requiring a much deeper structured information source,
but also improved tools for automatic multilingual
indexing, formula extraction and many more. So there
is still a lot of interesting work to do!

Web addresses
Leibniz Association: http://www..bmbf.de/de/243.php
FIZ Karlsruhe: http://www.fiz-karlsruhe.de/
Mathematics: http://www.fiz-karlsruhe.de/mathematics.html
ZMATH: http://www.zentralblatt-math.org/zmath/en/
MathEduc: http://www.fiz-karlsruhe.de/matheduc_products.html
STMA-Z: http://www.zentralblatt-math.org/STAT/
EMS: http://www.emis.de/
io-port.net: http://www.io-port.net/
Electronic Library: http://www.emis.de/ELibM.html
JFM: http://www.emis.de/MATH/JFM

Olaf Ninnemann
FIZ Karlsruhe, Mathematics and Computer Science
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Starting the management of knowledge
in mathematics: The “Jahrbuch über die
Fortschritte der Mathematik“
The “Jahrbuch über die Fortschritte der Mathematik“(1868-1942) is the world’s oldest
abstracting journal for mathematics. Its foundation and development describe an interesting chapter in the history of science and even in the history of Germany. Today, many
reviews in the Jahrbuch are still indispensable. In connection with the project “ERAM“
(1998-2003) the data of the printed Jahrbuch were digitized. FIZ Karlsruhe, respectively the
Zentralblatt editors , played a major role in this project.

Silke Göbel

Introduction
The human race has been dealing with mathematics
for hundreds of years. It started with counting and
measuring, then calculating, geometry and theory.
There is a special feature with mathematics amongst
the other sciences: ancient knowledge and most
theories do not become obsolete or antiquate. Old
theorems and proofs are furthermore accepted as true
in the international mathematical community, and the
knowledge grows from century to century. Of course
mathematics also depends on political and social
facts. Periods of stagnation, circuitous and dead ends
(e.g. the system of Roman numbers) alternated with
periods of fast growth. Thus ancient mathematics is
important for historians, as well as for today’s
research in mathematics and applications. The
“Science Citation Index” notes 25,000 articles for
mathematics in 2001 with 8,050 references to articles
or books written between 1868 and 1942.
500 cited works were written earlier; the oldest cited
book is from 1006.
In the beginning, mathematical knowledge was
spread verbally in conversation, discussions or talks
in schools, academies, monasteries or universities.
Furthermore, in the early days information was written
on bricks, papyrus, and in books. For instance the
thirteen volumes of Euklid's famous “Elements“ originated from 300 before Christ. Still today the scientists
are reading them, and in most schools worldwide

Euklid's geometry is taught. The “Elements“ were
translated into many languages; the latest edition in
German was published in 1997 (Zbl 0933.01030).
Facsimiles of older editions are available on the World
Wide Web: a handwritten copy in Greek of 888, and
one of the first printed editions after the invention of
printing 1482 in Latin (www.claymath.org/library/
historical). It is also essential to note that also letters
were very important for information and discussions
between the mathematicians.
The first journals containing articles dealing with
mathematics were the “Journal des Sçavans“ edited
in Paris and the “Philosophical Transactions“ of the
“Royal Society of London“, both founded in 1665. The
“Philosophical Transactions“ first established the socalled “peer reviewing“. The submitted papers were
sent to mostly anonymous specialists who examined
whether the paper was good enough for publishing.
The editors of the journals, in those days usually
theologians, were not able to evaluate all scientific
articles. Today “peer reviewing“ is common for all
recognized journals.
The first journals dealing only with the subject mathematics were founded at the turn of the 18th to 19th
century. The first supra-regional journal for mathematics in Germany, the “Journal für die Reine und Angewandte Mathematik” (known as “Crelle’s Journal”),
was published in 1826. It still exists today.
In the middle of the 19th century the number of mathematical and scientific journals in Europe increased.
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It became more and more difficult for a scientist to
find all new articles about his subject and to read
them. Therefore, some physicists and chemists had
the idea to publish abstracting journals, which did
not contain complete articles but only biographical
descriptions and reviews about new published books
or articles. In 1847 the „Deutsche Physikalische
Gesellschaft“ started with the „Fortschritte der
Physik/Physikalische Berichte“.

Foundation of the „Jahrbuch über die
Fortschritte der Mathematik“
In 1869, Dr. Carl Orthmann and Dr. Felix Müller adopted this idea for mathematics and founded the “Jahrbuch über die Fortschritte der Mathematik“. Publisher
was Georg Reimer, later Walter de Gruyter. The two
editors C. Orthmann and F. Müller wrote in their introduction of the first volume [3] (“Vorrede”):

Fig. 1: First page of the Jahrbuch

“Our intention was on the one hand: To provide a tool
for those who are not able to follow all publications
on the comprehensive field of mathematics, and to
gain a general overview about the development of the
science. On the other hand it should help the active
scientist to find known facts.”
C. Orthmann and F. Müller were mathematicians and
high school teachers in Berlin. They were supported
by the professors K. Weierstrass, L. Kronecker and K.
W. Borchardt of the University in Berlin, and 16 other
mathematicians in Germany. The first volume of the
Jahrbuch contained 889 reviews of mathematical
publications published in 1868 in 78 European journals (Fig. 1.).
The editors established the rule to gather all articles
of one year and then publish them together in one
volume. This was done with only a few exceptions
until 1942, but it caused time delays again and again.
The articles were arranged by mathematical subjects.
Publications about the same topic were printed one
after another; sometimes there was only a joint
review for two or even more publications. Many
reviews included references to other articles or earlier
reviews. Over the years the titles of the sections were
changed or divided into more subsections following
the current changes of mathematics. Later these sections provided the basis for the “Mathematical
Subject Classification (MSC) “.

Fig. 2: Example page from volume 8

Reviews and Reviewers
The number of reviewers (“Herren Referenten“ or
“Mitarbeiter“) grew from sixteen in the beginning to
up to 300 per volume in the 1930s. About two thirds
of the mathematicians were from Germany, the others
were scientists from all over the world, mainly from
Europe. The first two female reviewers were “Frl. Prof.
Noether, Göttingen“ and “Frl. Dr. Wrinch, Cambridge“
in volume 45 (1914). Unlike with other abstracting
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journals, reviewers of the Jahrbuch were not professional reviewers but usually active researchers.
Among them were today well-known mathematicians
as: Salomon Bochner, Arthur Caley, Lothar Collatz,
Richard Courant, Gregor Fichtenholz, Hans Freudenthal, David Hilbert, Adolf Hurwitz, Erich Kamke, Felix
Klein, Edmund Landau, Sophus Lie, Hermann Minkowski, Richard von Mises, Magnus Mittag-Leffler,
John von Neumann, Wladimir Smirnow, Otto Toeplitz,
and others.
In general the reviews were short objective abstracts
outlining the mathematical content of the article in a
few sentences. Sometimes, however, long reports
over several pages are to be found. These were usually reviews about outstanding publications or substantial books. Prof. Dr. Emil Lampe (editor 1886-1918)
formulated guidelines for reviewing in 1903 [1]:
Readers of the Jahrbuch want to learn about the contents of the publications, not the opinion of the reviewer. For his own research the user wants to know,
if there are new ideas in the publication... Only obvious errors are to be signalled in a non-offending way.
But in some cases the reviewers did not mince their
words. Some examples:
Critical remarks:
JFM 03.0324.01: Incorrect conclusion from a special
case to the general case.
JFM 06.0311.01: ...The third part includes four new
proofs: the four proofs are wrong…
JFM 07.0001.01: ...It is not worthwhile to cite all false,
old disproved propositions; In any case I want to warn
against the statements of the author.
JFM 11.0596.03: The author does not know any of the
literature about this subject, therefore he misconceives...
JFM 15.0057.03: Incorrect! Herr Weichold confuses
necessary and sufficient conditions.
JFM 21.0093.03: A paper written with vain endeavour.
JFM 27.0042.03: …Deficits in scientific precision and
rigour. The author lives in his own world of thoughts
and requires that the reader follows him blindly.
JFM 68.0100.01: ...It is very distressing, that this book
could be published.

Laudatory reviews:
JFM 22.0615.01: …Because this denoted problem
seems to be very interesting, we cannot close this
review without expressing the desire that this beautiful study be continued and completed by someone
else.
JFM 23.0703.01: ...This is a general survey of the work,
which will be of outstanding and everlasting value
within the mathematical literature.
JFM 31.0081.01: …This book will give various proposals for teachers of mathematics and physics...
JFM 56.0193.03: The author presents a well-done
introduction in calculus.
JFM 63.0689.05: ...This work is rich in interesting
ideas, in partly new and original topics.
By means of such reviews the Jahrbuch gained some
kind of control over the mathematical literature – not
only registration, abstracting and classification of new
articles and books. “The most important aid to judge
contemporaneous work is furnished by a German
publication known as the Jahrbuch über die Fortschritte der Mathematik”, the American G. A. Miller
wrote in 1912 [2]. At this time the Jahrbuch had a
quasi-monopoly position, because there were no
other comprehensive abstracting journals for mathematics. Similar French, Russian, Dutch or American
institutions were only founded later.
All reviewers earned one Reichsmark per review – not
a big salary. Furthermore, the first editors of the Jahrbuch worked extra-officially and voluntarily. Dr. Max
Henoch, editor from 1883 to 1887, supported the publication yet on a private basis, donating his inheritance
to the publication. As recently as in 1927, when Prof.
Dr. Leon Lichtenberg felt himself unable to continue
with this burden of work, a full-time editor (“Hilfsarbeiter“) Dr. Georg Feigl, and an assistant (“Hilfskraft“) were appointed by the „Preußische Akademie
der Wissenschaften“. Occasionally the “Notgemeinschaft der Deutschen Wissenschaft“ supported the
publication as well. Now four, later even ten, “Hilfskräfte“ were employed with an annual contract of
about 50 up to 300 Reichsmark per month. In these
years many graduates or postgraduates were hit by
unemployment. Therefore the jobs were in demand
despite the bad pay. Some of the “Hilfskräfte“ later
became well-known mathematicians, for example Dr.
Hans Freudenthal, Dr. Helmut Grunsky, Dr. Rudolf
Kochendörffer, Dr. Maximilian Pinl, Dr. Willi Rinow and
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Dr. Helmut Wieland. Furthermore, two of the rare
female full professors in the 1940s and 1950s, Hanna
Neumann and Hilda Geringer, were temporarily members of the editorial staff.

The End of the Jahrbuch
World War I had caused gaps which were difficult to
fill by the Jahrbuch editorial team. Additionally mathematics boomed in the twenties. More and more articles per year were published (about 5,000). Therefore
the Jahrbuch had fallen behind even though it had
more “Hilfskräfte“. In this situation mathematicians in
Göttingen and at the Springer publishing house took
the initiative and founded a second German abstracting journal in 1931, the “Zentralblatt für Mathematik
und ihre Grenzgebiete“ (see also next chapter). The
Zentralblatt was published several times per year. The
reviews were shorter and more objective, and it was
allowed to write them not only in German but also in
English, French or Italian. While the Jahrbuch maintained the principles of “completeness“ and “classification of all articles of one year“, the Zentralblatt
counted on “promptness“ and “internationality“ [5].
During the Nazi era the editorial team of the Jahrbuch
first tried to continue working as before. Dr. Helmut
Grunsky, head of the team in 1935, even engaged
some more Jewish mathematicians, because it was
difficult for them to get a job somewhere else. But in
the course of time he was more and more pressed to
remove them. A dunning letter written by Prof. Dr.
Ludwig Bieberbach, chairman of the “Preußische Akademie der Wissenschaften“ and editor-in-chief of the
Jahrbuch, in 1938 is preserved, in which he complains
that too many Jewish reviewers are working for the
Jahrbuch [4]. A short time after this letter was written,
H. Grunsky resigned from his position. The National
Socialist Dr. Harald Geppert became “Generalredakteur” for the two abstracting journals Jahrbuch and
Zentralblatt. However, during the war the editorial
teams continued to operate mostly autonomously;
only occasionally they shared the reviews. Dr. H.
Geppert had ambitious aims to reorganize the international abstracting services under Germany's leadership. But this concept was not realized.
Little influence of the Nazis is to be seen concerning
the content of the reviews and the selection of mathematical articles. Only in the chapter “Science of
Education” in volumes 59, 60, 61 there are articles
with titles “Mathematical Instruction in the Third

Reich”, “Mathematics Serving for National Socialistic
Education”, “Translating mathematical terms into
German“. In the last volumes of the Jahrbuch the subject “Science of Education” did not appear any more.
Papers of displaced persons or refugees were reviewed
as before. For instance, many articles of R. Courant,
W. Döblin, A. Einstein, F. Hausdorff, H. Rademacher
were reviewed. Dr. Erika Pannwitz, member of the
editorial team since 1930, wrote in 1947: „There was
no case when a review was notably short or excluded
because the author was Jewish.“ [4].
The first issue of volume 68 (1942) was the last printed volume of the Jahrbuch at the end of war. After
World War II the Jahrbuch was not taken up again.
There were several discussions and negotiations. But
most mathematicians did not want two similar abstracting services in Germany. The principle of the
Jahrbuch to wait for all articles for one year seemed to
be no longer up to date. The Zentralblatt was re-established in 1947.

Jahrbuch Project
A new era for the abstracting services began in the
1980s with the development of databases, CD-ROMs
and the Internet. Aside from the printed edition, Zentralblatt provided electronic services, nowadays the
database ZMATH on the World Wide Web. The new
services had considerable advantages compared to
the printed services: firstly, they have much more
possibilities for searching, secondly, updating is now
possible day-to-day, and thirdly, the data are globally
accessible via the Internet.
In 1998, Prof. Dr. Bernd Wegner (Technische Universität Berlin) and Prof. Dr. Keith Dennis (University Cornell) had the idea to digitize the “Jahrbuch über die
Fortschritte der Mathematik“. They recommended to
design a database which is publicly available. With
financial support of the “Deutsche Forschungsgemeinschaft (DFG)“ a project was launched, the “Jahrbuch-Projekt“ or “Electronic Research Archive for
Mathematics (ERAM)“ with the partners TU Berlin,
Staats- und Universitätsbibliothek Göttingen and FIZ
Karlsruhe. The objective of the project was on the one
hand to include all data of the printed edition of the
“Jahrbuch über die Fortschritte der Mathematik“ in a
database, and on the other hand to completely digitize the most important articles from the period 18681942. Up to now the Digital Library at the Staats- und
Universitätsbibliothek in Göttingen (www.gdz-cms. de/)
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comprises about twenty-five mathematical journals.
Among them are for instance the “Mathematische
Annalen”, “Mathematische Zeitschrift”, and “Commentarii Mathematici Helvetici”, and also some
books, dissertations and literary remains.
All bibliographic data and reviews contained in the
printed Jahrbuch were typed and entered into a database. This job was done from 1998 to 2002 in cooperation with the editorial team of the Zentralblatt/FIZ
Karlsruhe in Berlin. But the work is not yet completed.
To meet the requirements of a modern literature database, keywords, titles in English, and classification
according to MSC 2000 are necessary. About thirty
volunteers from different countries are involved in
indexing and editing the old data. If necessary, they
add comments and references such as: “Remark: A
basic contribution: the famous Voronoi sum formula
is introduced.” (JFM 35.0220.02). Additionally, some
revisions are currently under preparation: newly designed Web pages and an updated journal database.
Moreover ,bibliographical data of the “Journal über
die Reine und Angewandte Mathematik” beginning in
1826 were added.
The Jahrbuch database contains many links to completely digitized articles or books. There are about
6,000 links to facsimiles of the Digital Library in Göttingen, 500 links to the “Cornell Historic Math Book
Collection“, 600 links to the “University of Michigan
Historical Math Collection”, 8,500 links to the project
GALLICA of the “Bibliothèque nationale de France“,
and 2,300 links to the project NUMDAM (“Numérisation de documents anciens mathématiques“). Thus
the “Jahrbuch Projekt” provides not only free information about mathematical literature but also complete
articles or books – a first step towards the “World
Digital Mathematics Library“ (see chapter five in this
brochure).
The Jahrbuch database is available at:
www.emis.de/projects/JFM.
Access and all information is free (Fig. 3).
Most data of the Jahrbuch database are also contained in ZMATH, the database of the “Zentralblatt für
Mathematik“: www.zentralblatt-math.org/. Therefore
ZMATH now covers a period of more than 140 years.
The Jahrbuch Project received the “2005 PAM Division
Award" of the “Special Libraries Association, Physics Astronomy - Mathematics Division” (PAM). The state-

Fig. 3: Simple Search

ment was: “The Division Award recognizes a significant contribution to the literature in physics, astronomy, and/or mathematics that benefits libraries,
enhances the ability of librarians to provide service,
and improves the exchange of information.”
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The history of Zentralblatt MATH –
mathematics reviewing under
changing political conditions
In its more than 75 years’ history, Zentralblatt MATH was confronted with a lot of changes.
This mainly refers to the continuation of the editorial work under changing political
systems as well as to the rapidly developing technological environment for producing and
offering a literature information service in mathematics. This article will give a short survey on these developments.

Bernd Wegner

1. The early years of mathematics reviewing
The foundation of the “Jahrbuch über die Fortschritte
der Mathematik” in the year 1869 complied with the
need to maintain oversight on the growing number of
publications in mathematics with the help of a literature documentation service (see the paper by Silke
Göbel in this collection). The basic requirements to be
satisfied by such a service had not changed until the
“Zentralblatt für Mathematik und ihre Grenzgebiete”
(nowadays Zentralblatt MATH) had been founded in
1931, and they are still valid today. Main criteria for a
valuable information service in mathematics are quick
and complete coverage of the literature, bibliographic
precision, convenient search facilities, fair reports and
appropriate expertise as refers to the subject editors
and the reviewers. How to implement these requirements was subject to several changes in the period of
the existence of Zentralblatt MATH. Just compare the
different types of printed indexes in the initial phase
with the current search facilities available from the
Zentralblatt MATH database Z-MATH (see the paper by
Olaf Ninnemann in this collection).
As a rule the Jahrbuch undertook some efforts to publish all reports on publications from the same publication year in the same volume. In combination with the
ambitions to be as complete as possible this led to a
considerable delay in the publication of the reports.
Confronted with a permanently increasing number of
publications, mathematicians were dissatisfied with

this situation. They needed the information more
rapidly. At the end of the 1920’s this was one of the
reasons for the publisher Springer-Verlag, located in
Berlin at that time, to found the new service “Zentralblatt für Mathematik und ihre Grenzgebiete” in cooperation with the mathematicians Richard Courant and
Otto Neugebauer. The seat of the editorial office was
in Berlin at the publisher’s. Some years later the
Prussian Academy of Sciences entered this cooperation.
The scope was the same as for the Jahrbuch. But the
difference was that the reports appeared as soon as
possible. When a volume was due for publication, all
reviews ready for publication where given to that volume. The reviews appeared ordered by subject. For
each volume an index appeared at the end of the volume. Otto Neugebauer guided this service successfully.
But the political changes in Germany forced him to
leave this country. For a short period he managed his
editorial work remotely from Copenhagen. But in 1938
he had to give up.

2. The period during and after the war
After Otto Neugebauer had left, Egon Ullrich became
the new editor-in-chief of Zentralblatt. At the same
time the unique position of the two Germany-based
reviewing services in mathematics came to an end.
Otto Neugebauer went to the USA and in 1940, relying
on the support of some American mathematicians, he
founded as a competing service the “Mathematical
Reviews”. The reasons for this would serve as a topic
for a publication on its own. One of them were concerns that Zentralblatt and Jahrbuch might treat publi-
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cations from Jewish authors in an unfair way. There is
evidence that the German government started some
efforts to interfere with the handling of these publications and the employment of Jewish reviewers. But
these efforts remained without visible success as can
be seen from the reports from that period. Anyway,
among others this gave some good selling point for
the new service. A remainder of this reservation
against the Germany-based reviewing services could
be observed until the middle of the eighties: On the
second title page of the Mathematical Reviews hints
were given how citations should be standardized.
When it came to the Jahrbuch the name had been
modified to “Jahrbuch über die Rückschritte der
Mathematik“.

editorial work was employed by the academy. The seat
of the office was in the Eastern part of Berlin.
Hermann Ludwig Schmid, professor at the Humboldt
University became editor-in-chief. When he got a call
to Würzburg in 1953, the editorial office was split into
two parts, one in Berlin and one in Würzburg. This
continued until Schmid died in 1956. His successor
was Erika Pannwitz, who had a position at Zentralblatt
since the thirties and from that time permanently had
been involved in the development of this documentation service.
The efforts of the editorial group concentrated on getting back the lost terrain as refers to the complete
coverage as well as refers to the acceptance of Zentralblatt by the users and its availability at mathematical
libraries. During that period a third reviewing service
in mathematics entered the scene. Backed up by the
Russian Academy of Sciences VINITI released the
Russian documentation journal “Referativnyj Zhurnal
Matematika“.

3. A cooperation between both Germanies

Fig. 4: Index preparation for the printed service

During the Second World War there was a merger of
Zentralblatt and the Jahrbuch on the organizational
level for a certain period. There were gaps in the coverage, but these only resulted from problems with the
acquisition of the literature to be covered. Finally, with
the end of the war, both services had to terminate
their work. The Jahrbuch never recovered from this,
but for Zentralblatt it was an interruption only.
In 1947, the German Academy of Sciences, successor
of the Prussian Academy of Sciences, and SpringerVerlag started to revive Zentralblatt. The staff for the

When the Berlin Wall was erected, the editorial team
of Zentralblatt had to split again. Two editorial offices
had been established, one in the Western part of
Berlin and the other in the Eastern part. The office in
the Eastern part remained under the guidance of the
German Academy of Sciences (later Academy of
Sciences of the GDR). Editor-in-chief was Walter Romberg, who became widely known later after the reunification of Germany as the minister for finances of the
interim government of Eastern Germany. Representing
all academies from Western Germany, the Heidelberg
Academy of Sciences was supervising the office in the
Western part. Here Erika Pannwitz continued as editorin-chief. Printing, distribution, sales and marketing
remained with Springer. According to the contract between both parts the editorial work had to happen on
a technically equal level and the work load had to be
shared at equal parts. Taking into account the complicated political relations between both parts of Germany and the special situation in Berlin, it was almost
a miracle that this cooperation continued successfully
until 1977. During that time Zentralblatt finally recovered from the drawbacks after the wall and caught up
with Mathematical Reviews again.
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To reach this goal a lot of problems had to be attacked.
The biggest one was to get rid of the backlog of missing reports. The workflow had to be reorganized. The
procedures became more efficient, because advanced
information technology could be applied. This development mainly was the merit of Ulrich Güntzer, who
became editor-in-chief after the retirement of Erika
Pannwitz. He entered a cooperation with other institutions like

Fig. 5: The office in West-Berlin in the sixties

Chemie-Information, Großrechenzentrum für die Wissenschaft, TU Berlin to benefit from their computing
facilities for the editorial work at Zentralblatt. At that
time the annual production of mathematical papers
had reached a level which could not be handled by
manual work anymore. The production of the indexes
for the single volumes and of the higher cumulated
indexes had to be given to the computers at the partner institutions. This kind of modernization was continued by the author of this article, when he became
editor-in-chief in the early seventies.

4. Changing Zentralblatt into a reference
data base
In the second half of the seventies the government of
the FRG launched a programme with the goal to reorganize all information and documentation activities in
Germany. This also had consequences for the office of
Zentralblatt in West-Berlin, because the money the
Heidelberg Academy of Sciences needed to run this
office came from the government. The interference of
the government with the cooperation between the two
academies was taken by the Academy of Sciences of
the GDR as a reason to terminate the cooperational
contract. Officially it was argued that there was no
need for this cooperation anymore. But it was quite
obvious that the cooperation only could survive as
long as it did not come to the notice of a higher political instance in the GDR. The ongoing discussions in
the FRG violated this condition. Hence the Academy of
Sciences of the GDR was forced to cancel the cooperation. Even more, all reviewers from the GDR had to
quit the service for Zentralblatt while they had no
problems to continue with writing reviews for our
American competitor.
The funding for the office in West-Berlin had to be
increased to enable them also to care about the work
from the Eastern part. Simultaneously the office became a department of a new institution called Fachinformationszentrum Energie, Physik, Mathematik,
which later changed the name to FIZ Karlsruhe. FIZ
Karlsruhe shared the editorship with the Heidelberg
Academy, and it became responsible for the financial
support of the editorial activities, although the seat of
the office still remained in Berlin. Zentralblatt could
benefit from the internal cooperation within FIZ Karlsruhe for the further development of the application of
IT technology to the editorial work. It could be used
for the printing of Zentralblatt. But more importantly
the electronically stored data could be used to offer a
searchable reference data base for mathematics,
called MATH. MATH was the first service for mathematics of this kind. At the beginning of the eighties,
about 50,000 papers in mathematics were published
annually. This amount of information could not be
handled appropriately by a printed reviewing service.
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5. The Europeanization of Zentralblatt MATH
In the eighties and the years to follow the efforts of
the editorial office concentrated mainly on the further
development of the database MATH. This was a part
of STN at FIZ Karlsruhe at first, but rather soon mathematicians developed a preference for the Internet.
Hence Zentralblatt had to offer a web based service.
Here Zentralblatt could benefit from the work of our
French partner, the Cellule MathDoc in Grenoble.
Thanks to their help rather soon a very convenient
software indexation and data base retrieval was available. This lead to a web based offer of MATH at the
beginning of the nineties as a counterpart to the offer
in STN. Meanwhile the online version of Zentralblatt
MATH became the principal offer while the printed
version lost in importance. Handling almost 100,000
items annually would have blown up the printed version to a level where it is difficult to read. Starting
with this year the printed version will contain only a
part of the reviews processed at the office. This will
enable users still to browse through by subject area
without being lost in the bulk of information. A more
detailed account of the data base facilities can be
found in the article written by Olaf Ninnemann.
The eighties also were the period for an interesting
experiment: the merger of Mathematical Reviews and
Zentralblatt. This experiment failed. A lot of reasons
for this could be imagined. The official reason formulated by the American side for not continuing the
negotiations after a series of meetings was the they
don’t consider the merger as scientifically wise.

I do not know anybody who understood that argument, but it was not a secret that the AMS was not
prepared to share the control over such a merged service at equal rights. On the European side this attitude lead to the decision to consider Zentralblatt as the
reference database which may provide better service
to the European mathematicians. At the beginning of
the nineties, under the presidency of Jean-Pierre
Bourguignon the European Mathematical Society EMS
became an additional supervising institution for
Zentralblatt. They took over the responsibility for the
cooperation of Zentralblatt with the Cellule MathDoc.
The europeanization of Zentralblatt started at that
time. The idea was to distribute some part of the
input work to partners in Europe such that the whole
enterprise may be considered as a European one
later. To install such a cooperation smoothly an
appropriate collaborational network had to be established which allows for remote work on the database
and network access to the administrational facilities
available so far at the office in Berlin only.
With support of the EMS an application for a project
within the Fifth Framework Programme of the European Union was successful. The project was called
LIMES (Large Infrastructure in Mathematics –
Enhanced Services). With the results of LIMES the cooperation for a distributed input could be improved.
It became easier to integrate new partners. This also
went beyond Europe. In July 2007 Zentralblatt MATH
started a cooperation with the library Academia Sinica
(LCAS) in Beijing with the goal to have all Chinese
publications in mathematics covered by them. After
almost one year it can be noticed that this cooperation is a big success for both sides. The input for
Chinese publications has reached a satisfactory level,
and as a mathematical community of growing importance the Chinese mathematicians have the possibility to improve the visibility of their research achievements.
Another important field for future activities is the
automatization of larger parts of the input work.
Information available electronically should be transferred to the input entry without any cut and paste
procedure. The work at the office should be reduced
to the added values only: indexing and preparation of
reviews using external experts. At present there are a
lot of difficulties to establish such tools, because the
electronic offers are too heterogeneous.

Fig. 6: List of the LIMES-partners

Prof. Dr. Bernd Wegner
Editor in Chief, MathEduc and Zentralblatt MATH
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MathEduc – information for teaching
and learning mathematics
Are students incapable of understanding mathematics, or do the teachers lack the fantasy
required for giving learners an idea of how beautiful mathematics can be? Students are as
good as the lessons they receive, and all teachers in preservice and inservice teacher
education should have access to examples of good and dedicated teaching. MathEduc
provides this information.

Beate Ruffer-Henn and Bernd Wegner

1. Mathematics and society
People claiming to be educated often are ashamed if
they are unable to discuss politics, society, literature,
music, or the arts. They have, however, no problem
admitting: “I have always had bad marks in maths.“
On a simple educational level, this is reduced to the
comparison between writing and reading abilities,
which, of course, should have top priority in school,
and acquiring basic mathematical skills. Neglecting
the latter, after graduating from school, is more likely
to be excused, despite the fact that mathematical
skills are an integral part of our everyday life. They are
required when checking a restaurant bill, estimating
the price of goods in the shopping basket, comparing
the conditions offered by insurance agents or creditors, or when making strategic decisions in games like
Poker or Bridge. Although many people are not aware
of it, mathematics involves much more than just
mathematical skills and numbers. Below are some
examples of the many obvious or hidden applications
of mathematics we have to deal with in everyday life:
assessing the risk of loss in gambling (which always
is inevitable in the long run); diagrams showing the
development of stock market prices in the business
section of a newspaper; satellite navigation systems;
optimization of time schedules; correct image transmission; ballot-rigging through adequate voting rules,
etc.

Fig. 7: Roulette winning chances are subject to probability laws.

There are also many ways of applying mathematics in
science and technology. In most cases, only specialists or people interested in science are able to understand them. Thus, understanding mathematical relations is an indispensable part of general education.
Last but not least, improving general mathematical
knowledge and training problem-solving methods
using logics, could help to reduce the wrong perception that mathematics deals with numbers only (with
the consequence that everything is known already)
and to undermine the authority of those who hide
drawbacks in their considerations by pretending that
everything had been checked mathematically, whatever that means.
Everyone has the ability to reason mathematically,
though admittedly some people are more capable to
apply this in daily life than others. In particular, it is
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not true that women are less gifted in mathematics
than men. However, as a result of a prejudiced education and of teachers with a very limited understanding
of mathematics, individuals may develop reservations
against mathematics, consider themselves untalented
and settle for this alleged inability, as described
above.

2. Why MathEduc?
The problems described above can only be solved by
improving mathematical education, publishing materials motivating and enabling people to study maths on
their own, and offering teacher training in maths that
meets today’s requirements. Future maths teachers
not only need to be taught elementary mathematics
on a higher level, but they also have to be given the
necessary skills to understand teaching and learning
processes and to apply their expertise in a modern
teaching environment.
Many surveys and publications are dedicated to these
problems. Long before TIMSS and the PISA study became an issue, schools and universities recognized
the need to reform the way of teaching mathematics.
One example that comes to mind is the highly controversial discussion about “New Maths“. This discussion
was held at a time when mathematical education was a
hot topic of interest at teacher training institutions.
At the same time, the end of the 1960’s, “Zentralblatt
für Didaktik der Mathematik” was founded. It contained a section devoted to articles on mathematical
education and a section dedicated to documentation
with reviews of relevant literature in the field.
Using modern information technologies, this documentary section evolved into the searchabe online
reference database MathEduc which is available on
the web.
Its task is to evaluate the existing literature on mathematical education as well as publications dedicated to
conveying mathematical skills at schools, universities
and to the interested public. Additional information is
also provided, so that an information system on
mathematical teaching and learning which is as comprehensible as possible is available to a wide audience. The features of this database are similar to that
of the database ZMATH (Zentralblatt für Mathematik)
which is described in another article in this brochure

and mainly contains information on mathematical research publications.
Subjects covered by MathEduc are ranging from education at all school levels and school types, vocational
training, teacher training and tertiary education to presentations making mathematical considerations comprehensible for the general public. MathEduc provides
bibliographic references to relevant topics such as
learning theory, educational psychology, teaching
methods and lesson planning, interdisciplinary and
application-orientated approaches, etc. In addition to
subject-specific literature, publications from educational science, psychology, sociology, and other basic
sciences dealing with teaching and learning are reviewed. A convenient search mask helps in locating
information on all these topics and allows one to limit
the search to individual school levels.
The following should serve as an example for information in MathEduc which is relevant to school education in mathematics: In pre-school education children
should be guided playfully towards basic concepts of
numbers and simple geometric shapes. In primary
school, students are to be taught basic arithmetic
operations, elementary geometry and word problems
as well as simple ways of arguing and logical thinking.
In secondary school, students should not experience
mathematics by working through a set of traditional
topics, but rather learn by means of applications,
interdisciplinarity, and building mathematical models,
i.e. that mathematics is part of everyday life. At present
we have 2,750 hits for “interdisciplinarity” and about
4,400 hits for “mathematical models“ in MathEduc.

Fig. 8: MathEduc: 1,425 hits on pre-school education
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Today, students are confronted with information technology already at an early age. Computers, the Internet,
and educational software are part of their everyday
lives. Teachers should use this familiarity with and
positive attitude towards computers as a motivating
factor in class. They need, however, assistance to be
able to decide in which situations it makes sense to
use computers. For example, using new technologies
can relieve students from complicated, routine calculations and allows them to focus on the actual mathematical problem and how to solve it, or graphical
representations can shed new light on a problem.
At the university level, the situation is basically the
same as at school. Besides basic studies of mathematics, special mathematical lectures are offered to students of science, engineering, and economics, and
even in some disciplines of the humanities.
Information on textbooks presenting mathematics in a
way appropriate to a student’s actual field of study is
of fundamental interest.

Fig. 9: MathEduc: References to about 3,700 textbooks for academic
studies

3. MathEduc – an outlook into the future
In the initial stage (the former “Zentralblatt für
Didaktik der Mathematik”) the documentary section
was very much focused on Germany. Just as in mathematical research, some journals on mathematical education were targeted towards an international audience. But the different school systems in different
countries and the large variety of occupational fields
in mathematics inevitably resulted in publications that
were mainly of local or regional interest. Since
approaches towards overcoming problems in mathematical education may be of global interest, even if

Fig. 10: MathEduc: Co-operation with Moscow; copy of a title page
from Kvant

the systems may vary from country to country, the
decision was made to broaden the scope of references
accordingly.
For MathEduc, this meant that descriptive texts written
in several languages were included and that metadata
were offered in English as the international standard
language. Thus, even local publications mainly targeted
at a narrow audience may provide users of MathEduc
with interesting additional information.
This internationalization of MathEduc is an ongoing
process. In the meantime, much progress has been
made, but the database still has a long way to go in
order to achieve global coverage. Thanks to a longterm partnership with the American information service ERIC and additional in-house editorial work, relevant publications form North America are well represented in MathEduc. In other countries, groups of
experts have formed who have the necessary expertise to decide whether or not a regional publication is
to be included in MathEduc and who then also provide the required input. Thanks to this co-operation,
the database has a broad coverage of literature from
France, Italy, Spain, Portugal, Serbia, and the Czech
Republic. Similar cooperations with Argentina, Greece,
Romania and Scandinavia will start in the near future.
As a first step for Russia, GPNTB in Moscow is handling two Russian journals for MathEduc.
Not to be underestimated is the interest people in
developing countries may have in MathEduc. It is true
that apart from a few mathematicians who return to
their home country after having received their training
and graduation in industrialized countries (mainly the
USA), not many people in these countries require cur-
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rent information on mathematical research results.
The relevant issues for these countries primarily are to
know about methods of mathematical training, to
obtain good textbooks and to have qualified teachers
available. Here, information like that provided in
MathEduc finds grateful, but mostly penniless recipients. In this field MathEduc could, in the future, turn
publicly funded editorial work into development assistance.
Another parameter which will require a further enhancement of the input activities for MathEduc are the
numerous online offers on mathematical education.
These are important trends with respect to promoting
mathematics and improving the dissemination of
mathematical information. The growth of these offers
must not be underestimated. At the same time, they
create new problems: They are the result of more or
less spontaneous initiatives. They are hard to find and
it is not clear, whether they will be available on a permanent basis. Not all of them have been checked for
quality, and if they have, the applied criteria are not
clear. In most cases, they are not intended for public
use, although they are of sound quality and could be
of interest to a wide audience. Web crawlers may help
to find and pinpoint such offers. Unlike traditional
documentary work, the information that can be automatically generated for MathEduc by means of web
crawlers will be rudimentary only. It has to be decided
on a case by case basis, for which offers this information is to be enhanced by means of further editorial
work. Two important criteria are that the offer has to
be developed on a sound basis and that its availability during a reasonable period is ensured. Examples
for such offers are WebALT (Web Advanced Learning
Technologies; www.webalt.com/) from Helsinki or
ActiveMath (www.activemath.org/) from the DFKI in
Saarbrücken. In such cases there should be a more
detailed entry in MathEduc. Electronic lecture transcripts provided on the web pages of university
departments are less suited for this purpose.
For web offers to be systematically edited, MathEduc
has to revise the input procedure, implement alternative procedures, and modify the metadata structure
used. In addition, an external reference system of
virtual archives has to be developed that can provide
and administrate the web offers referenced in
MathEduc. Such a network can only be established
within the scope of an international project with
several partners.

Fig. 11: Website ActiveMath

With the growing internationalization, MathEduc has
reached a level of completeness which makes this
database a worldwide unique information system for
learning and teaching mathematics. The support of FIZ
Karlsruhe has made it possible to create and further
develop this database. The internationally distributed
input work will continuously enlarge the collection of
relevant literature from all over the world.

Beate Ruffer-Henn
FIZ Karlsruhe, Mathematics and Computer Science
Editor MathEduc

Prof. Dr. Bernd Wegner
Editor in Chief, MathEduc and Zentralblatt MATH
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The WDML – vision and reality
The aim of the World Digital Mathematics Library WDML to make all mathematical publications electronically available. FIZ Karlsruhe contributes to this global enterprise by maintaining and offering the Electronic Library of Mathematics in EMIS (European Mathematical
Information Service). This is an open access library with about 40 copies worldwide.

Bernd Wegner

1. The aim of the WDML
Mathematical publications are representing what may
be considered as the current mathematical knowledge.
The mathematics libraries are the laboratory for the
research mathematician and people who want to
apply the mathematical findings available at present.
Investigations of new subjects and research on open
problems in mathematics have to take into account all
publications which are relevant for the topic under
consideration. Good access to the existing mathematical literature is an essential requirement for an environment enabling good mathematical research and
successful application of mathematical findings to
solving problems in other sciences.
Confronted with the tremendous number of existing
mathematical research articles a library has no chance

to keep printed records for all of them. Even libraries
which are supposed to collect everything appearing in
some part of mathematics have difficulties to acquire
all relevant publications. An additional problem is
given by the longevity of mathematical publications.
The validity of the majority of findings has no expiration date. Statistics evaluating the citations in current
publications show a surprisingly low decrease of older
citations.
In principle, the possibility to post digital publications
on the web shows a way how to get out of this dilemma. There is the chance to establish a comprehensive
library in mathematics using electronic media. This
idea is called the WDML in the following. In 2001 John
Ewing published a study on the WDML (Twenty Centuries of Mathematics: Digitizing and disseminating
the past mathematical literature. www.ams.org/
ewing/Twenty_centuries.pdf ). He addressed some
first fundamental problems arising with the potential
development of the WDML and he also mentioned an
amount of 100 million USD as a rough estimate for
the costs to be spent for the retrospective digitization
of all mathematical publications available in printed
form only.
The NSF took this report as the basis for funding a project at the library of the Cornell University for the years
2002 and 2003 with the aim to prepare a feasibility
study on the WDML. The project involved partners
from all over the world. The result has been published
on the web: www.library.cornell.edu/dmlib/. The further monitoring of a potential implementation of the
WDML was adopted by the IMU (International Mathematical Union). But this only had marginal impact on
further steps undertaken by the owners of mathematical publications.

Fig. 12: Digitized article in ERAM. Low resolution choice for quick data transfer
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The first patches of the WDML were results of digitization projects, where publishers, agencies, libraries or
societies succeeded in getting some money for digitizing a part of the mathematical literature. The coordination between the projects was weak, if there was
any at all. Later projects took advantage of some standards available from the NSF study. But even until now
a main feature of the WDML, the integrated access, is
not available, neither on the global scale, nor for any
two of these projects. To establish this is delegated to
additional projects. As an intermediate solution the
links from Zentralblatt MATH and MathSciNet may
serve as a replacement for this facility. A global solution will not be confronted with technical problems
only. A hard obstruction for an integrated access is
given by the different ways for subscribing to the distributed services. This ranges from open access to
high priced controlled access.

2. What should be in the WDML?
A lot of time during the NSF project was spent for discussing governance problems. But this discussion was
meaningless as long as it was not clear who should be
governed, and the latter question is related to the
question what the content of the WDML and the schedule for generating the content should be. All these
questions became less important after the participants in the project had learned that NSF only would
fund the feasibility study, but would not spend any
money on the digitization itself.
The problem of identifying the desirable content
remained of independent interest, because it is an
essential part of the definition of the WDML. Several
parameters had been developed for this purpose. One
of them is time. How far should we go back in time?
The reply to this has been anticipated by the Chinese.
They are the most advanced community as refers to
digitizing mathematical publications. For the Chinese
mathematical publications everything is done already,
including monographs and old Chinese mathematical
documents. Another parameter is mathematics. When
do we classify the topic of a publication as mathematics? There is no clear reply to this question. The
mathematical reviewing services permanently are confronted with the same question, and they decided to
accept a fuzzy borderline. Here the WDML has to
cooperate with several WDLs. As a consequence retrospective digitization of multidisciplinary journals
should cover whole volumes, non-mathematical
papers included.

Another parameter will be the level of the publication.
Should the WDML only store research publications? If
so, what is the attitude referring to journals without a
peer-reviewing system, preprints, rare manuscripts,
and other grey literature? Should educational material
and popularization of mathematics really be excluded? At present the reply is given by the decision of
the funding organizations, and it changes from project
to project.

3. Digitization projects
At present the retrospective digitization of publications available in printed form only will generate the
core of the WDML. The production of digitally born
publications in mathematics on a larger scale started
in the middle of the nineties. Most of them can look
back to a “printed only” period. Hence, as soon as
that part will have been retrodigitized and interlinked
with the digitally born period in a seamless way, the
full range of the journal may be considered as part of
the WDML.
The first initiative to digitize scientific journals at a larger scale was pursued by JSTOR. For the mathematics
part they stored the most important Anglo-American
journals in their digital archive. Bigger portions of
mathematical publications were digitized by projects
at Elsevier and Springer. They covered their own journals completely. At present Springer is extending
these activities to their book production. Smaller
publishers and societies possessing a relevant set of
mathematical journals like SIAM und LMS caught up
soon. They have in common that customers have to
pay for the access.
Open access is typical for digital archives which developed their digital holdings with support from goverment resources or funding from foundations. In
Germany the DFG gave the money for pursuing the
projects ERAM and RusDML at SUB Göttingen. ERAM
also enabled the structured capture of the content of
the Jahrbuch über die Fortschritte der Mathematik. The
format for the storage was the same as the one used
at Zentrablatt MATH. Hence the data easily could be
integrated later into the offer of Zentralblatt. RusDML
was a Russian-German project with the aim to develop
a digital archive of Russian publications in mathematics with a bilingual access structure.
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4. EMANI and the ELibM
First steps towards a good cooperation between some
of the stakeholders for the WDML could be observed
in connection with the EMANI project. Partners of this
group are SUB Göttingen, the Cornell University Libary,
the Tsinghua University Library, NUMDAM in Grenoble
and Springer-Verlag. The acronym EMANI stands for
Electronic Mathematics Archiving Network Initiative
and was coordinated in the recent past by the author
of this article.

Fig. 13: Entry page of RusDML

The digitization of the French mathematical journals
was subject of the government funded project NUMDAM at UJF in Grenoble. In Europe during the last
years several national projects lead to national DMLs
like in Poland, Czech Republic, Spain, Serbia, Bulgaria, Portugal and Switzerland. On the world wide level
the development of digital archives in China, Korea
and the USA has to be mentioned. Several years ago
KISTI had digitized all of the 16 mathematical journals
published in Korea. As already mentioned above,
there was a huge digitization project in China covering
in addition to more than 50 mathematical journals
also books and documents dealing with old Chinese
mathematics. The library at the Tsinghua University in
Beijing offers access to these holdings. In the USA the
Cornell University Library has a good tradition in digitizing mathematical publications. At present project
Euclid is active at both levels, the retrodigitization and
the digital production of mathematical articles. In
addition to this some journals spend a part of their
income on digitizing their older volumes.
Taking all these developments into account, the content of the WDML is growing permanently like a patchwork and the links from Zentralblatt MATH to these
holdings provide a first version of an integrated access
to the content. Here the free offer of Zentralblatt MATH
to look at the first three items of a hit is important for
those who do not subscribe to Zentralblatt.

Fig. 14: Entry page of EMANI

The main current activity is an NSF/DFG project for
developing an integrated access to the distributed
digital archives. During the project phase this refers to
the archives at the three library partners, at NUMDAM,
at Springer and to the electronic library in EMIS. In
addition to this EMANI discusses possibilities for the
long-term preservation and readability of digital content in mathematics. At present the aim of EMANI is to
develop tools for the management of the long-term
preservation in a distributed system. How to preserve
the documents is left to procedures which have been
established at other sites meanwhile.
An essential part of the WDML consists of digitally
born publications, where in most cases the web offer
still is accompanied by a printed version. In contrast
to the early nineties, current submissions of articles
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for publication do not rely on typesetting anymore.
The manuscript has been prepared using a computer
and the text is encoded in most cases in some TeX
dialect. Up to some formatting everything for the
posting of an article on the web has been prepared by
the authors already. As a consequence only very few
mathematical journals do not provide an electronic
version.
To increase the visibility of their journals on the web
and to gain advantages for the marketing of their products, publishers have bundled their journals and
developed particular access structures for their bundles. This reorganizes the patchwork a little. Single
journals published by a small publisher, a society or
an academic institutions are sitting between the patches and loose visibility. It does not help them very
much that digital production allows them to keep the
prices low. This danger for the isolated journals had
been taken into account in the early nineties already,
when a European initiative lead to the installation of
EMIS (European Mathematical Information Service,
www.emis.de/) and on the American the Cornell
University Library designed the Project Euclid. Euclid is
hosting several of these low-budget isolated journals.
EMIS is based on a cooperation between FIZ Karlsruhe
and the EMS. To deal with the problem mentioned
above EMIS maintains and provides access to the
Electronic Library of Mathematics ELibM. In contrast to
Euclid it is required that the parts of the journals posted by EMIS are freely accessible. This may be combined with a moving wall solution, i.e., open access is
provided only after the articles have become older than
some years to be fixed for the journal case by case.
EMIS helps the journals to install an electronic offer in
particular cases, but generally prefers to host a journal
after it has been installed at the editors’ website. It
forwards the content to more than 40 mirror sites distributed all over the world. This kind of bundling and
wide distribution gives the journals and other publications stored in the ELibM good visibility and facilitates
access for potential readers world-wide. After a start
with 10 journals only the ELibM became a rather popular choice for low-budget journals and free web offers
of peer-reviewed journals. The current content of the
ELibM counts on almost 100 active journals and some

Fig.15: ELibM entry page

archived offers where the editors decided to finish the
open access. About 15 gigabytes of storage space are
needed for this. Integrated access is subject of an
ongoing project and will be available soon. The close
neighbourhood to Zentralblatt MATH guarantees quick
linking and optimal handling by the reviewing service.
As refers to the content the WDML is in good progress.
But the offers are quite heterogeneous if it comes to
the document and metadata structure and to the business model for the different patches. Hence we are
still far from having the ideal situation which includes
integrated access. Spending some efforts on the
user’s side we can access a lot of articles, which were
difficult to find in the era of printed publications. The
linking with reference data bases like Zentralblatt
MATH will help a lot, as long as there will be a free
component for using this service. Possibly we have to
be content with that solution on the global scale,
which is not so bad at all.

Prof. Dr. Bernd Wegner
Editor in Chief, MathEduc and Zentralblatt MATH
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Search engines and bibliographic
databases
Today, the internet is the biggest information storage medium in the world. Access to all
this information is a great challenge. Search engines and databases are efficient tools for
searching and finding this information. In the following we will discuss the basics of
search engines and databases, especially in mathematics.

Wolfram Sperber

papyrus rolls covering a short summary of the content.
This was the pre-form of cataloguing.

To look for a needle in a haystack - this metaphor is a
synonym for the difficulty and expense to find a certain object. But the internet is much greater challenge:
It is huge, and the information is heterogeneous in
content, form, structure. Moreover, not always does
the user know exactly her/his information needs,
sometimes he/she has only vague ideas of what she/
he is looking for.

Aristotle developed the theory of classification and
proposed first classification schemes as an important
way to systemize knowledge of a special topic. Also
today, classification is a standard technique to learn
and structure knowledge.

Great challenges need new solutions. The only key
technology for better information retrieval is – as in
high-tech – mathematics. Methods of structuring and
automatically processing information are based on
mathematical concepts and methods. In this article,
we will discuss some aspects of databases and search
engines, especially in the field of mathematics.
Let us start with a short review of information retrieval.

A brief historical review of information
retrieval
Information retrieval is an old problem. It has its origin
in the development of written languages. The first permanent storage medium for information outside the
human brain was stone followed by papyrus. Information management formed the basis of the development and the advance of mankind. More and more
information was collected and stored. The papyrus
rolls were stored at special institutions, the “libraries”, e.g., the famous library of Alexandria. Egyptians
and Romans invented a first method for a systematic
analysis and access to the information: tags on the

Librarians took over the part of cataloguing and classification of literature. With the rapid development of
industry and sciences the production of scientific
documents increased dramatically. Specialized journals were founded, so also the "Annales de mathématiques pures et appliquées", the first scientific journal
in mathematics. 1868 the world’s mathematical production covered already 889 publications. The dramatic increase of scientific publications was the reason
for developing new information services for a fast and
easy orientation about the progress in mathematics,
e.g., the "Jahrbuch über die Fortschritte der Mathematik" and later the "Zentralblatt für Mathematik". The
idea: A systematic catalogue (completely) covering all
publications in mathematics. The catalogue reflects
the development of mathematics. The entries in the
catalogue cover all bibliographic data of the publications enriched by qualified reviews about the content
and possibly an evaluation of the work done by mathematicians. Today, more than 100,000 mathematical
journal articles and books are published per year.
Today, the reviewing journals – meanwhile in form of
an online database – are also an important, high-quality and reliable tool for the mathematical community
for searching and finding relevant information for
research in mathematics and applied fields. And they
are an impressive example of the international collaboration of mathematicians.
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The Internet also brought new challenges for knowledge management.
• The Web is the biggest information storage
medium.
• New document types have been developed, in
mathematics, for example, software, simulations,
digital course materials, etc.
• The Internet is decentralized. There is no central
control. Every person equipped with a computer
having access to the internet can create and
publish documents on the Web. Each author
decides about the format and the structure of
her/his documents.
• There is no quality control.
• Different formats are used. There are no generally
accepted standards for structuring and content
analysis of documents.
• The information on the Internet is dynamic.
Documents can easily be created, removed or
transferred to any other location.
• One reason for the triumphant advance of the
Internet is hyperlinking between documents as
a simple method of associating facts and
statements on different Web pages.

The design and architecture of search
engines
All search engines have a similar architecture:
1. Collecting documents (Web sites)
2. Indexing
3. Querying module
The crawlers or gatherers are responsible for collecting
Web pages. Starting from a seed list of given URLs
they analyze the Web sites. The gathered pages are in
different formats.
The gatherers extract some information about the Web
pages, e.g. the format, the date of creation, and the
hyperlinks within a Web page. The destination
anchors of the hyperlinks of a Web site are added to
the seed list (topic-specific search engines need criteria to decide if a Web page is relevant or not).
Indexing means to evaluate the content of a Web
page, e.g., a text is transformed in a list of words.
Special methods for the extraction and analysis of the
information are important for the quality of the search
engines. The extracted information of the Web pages
is stored in the index together with a link to the original document.

The querying module is the interface of the search
engine for the user. Of course different user scenarios
are relevant for searching. One typical scenario: a user
is looking for special information but she or he is not a
specialist. So, she or he prefers a simple query, e.g. a
single word as search term. And she or he expects
that the search engine will present a list of relevant
results to the query (extracts of the relevant pages).
But here the search engine has a problem. A simple
search can result in a long list of hits in the index. So
we need criteria for the relevance and ranking of the
hits.
The classical information retrieval, here we refer to
G. Salton, takes as measure the number of relevant
terms divided by all terms of a Web site.
Another way was gone by Google. Google started to
analyze the link structure to determine a measure for
the relevance of a page: The PageRank is a measure of
popularity of a Web page. In principle Google's
PageRank means the following: The relevance of a
page is determined by the number of incoming links
and the value (PageRank) of the anchors of the links.
Google used the PageRank to sort the hits in a new
way. The better ranking was the basis for the phenomenal success of Google.
The roots of Google’s PageRank lie in the bibliometric
analysis of the scientific literature.

About citation analysis and impact factor
The origin of bibliometry is the evaluation of journals
by statistical means. For this purpose the citations of
publications of a journal are analyzed.
The measure for the relevance of a journal is the impact factor. The impact factor of a journal in a year is
defined as the quotient of the number of all citations
of the articles in the two preceding years and the number of all articles in the journal that year. A journal,
where the citation of each article is 1 in average, has
also the impact factor 1. The ranking of a journal is
increasing with increasing impact factor.
The impact factor analyzes the directed graph which
is given by the articles of a journal as nodes and the
citations as edges.
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The "Institute of Scientific Information" (ISI) started to
calculate the impact factors of more than 6,000 scientific journals in the sixties. The results are published
in the "Journals Citation Reports"
(http://scientific.thompson.com/products/jcr).
The use and importance of the impact factor and the
relevance of bibliometric (statistical) methods is discussed controversially in the scientific community. The
advantage: It is easy to calculate the impact factors
(and other bibliometric measures). Also non-specialists can interpret the results and get an impression of
the relevance of a journal (or publication). On the
other hand bibliometric methods only analyze some
formal data of publications, especially the citations.
They cannot evaluate the content of a publication.
Bibliographic methods are a measure for the popularity and the influence of a journal (publication).
Gabriel Pinski and Francis Narin have defined a recursive impact factor. The recursive impact factor assigns
citations in journals with a high impact factor a higher
weight than citations in journals with low impact factor, for more information see the Wikipedia page on
the impact factor http://en.wikipedia.org/wikipedia/
impact_factor.
The recursive impact factor is the immediate origin of
Google's PageRank.

Google's PageRank – Tell me who speaks
about you, I’ll tell you how important you are

The links are given in the following table

A
B
C
D

A
x
x
-

B
x
-

C
x
-

D
x
-

(source anchor of
the link Links)

(destination anchor of the link)

Based on this table we construct a matrix by the
following method:
0 is the value of a[i,j] if there is no link from the Web
page i to the Web page j, 1/|.| is the value of the element of the matrix from if there is a link from the Web
page i to the Web page j with |.| the number of all links
going out from the page i (So we have |B| = |C| = |D| =1
and |A| = 2). In other words: The weight of a page is
uniformly distributed to all outgoing links of a Web
page.
So we come to the following matrix representation of a
linear system of equations

(1)
where p(.) denotes the PageRank of a Web page.

Google's PageRank evaluates - in analogy to the citation analysis of scientific journals - the directed graph
which is defined by the hyperlinks of the Web.
The weighted links to a Web site are a measure for the
popularity (= relevance) of a Web page. The weights
are given by the relevance of the anchor Web pages.
We demonstrate Google's model for a simple example.
Let us look at the graph consisting of only four given
Web sites with the following link structure (the arrows
mark hyperlinks from the Web page i to the Web page j)

page A

page B

page C
page D

As said above the system of equations for the whole
Web is huge. Some people believe that Google’s
model of the Web is the largest system of equations
solved until now.
Page and Brin, the inventors of the PageRank, experimented with the iteration algorithm to solve this
system of equations.
Some remarks:
1. First simulations and tests
First numerical simulations were encouraging. But the
simulations had led also to some problems and open
questions with the iteration process:
• Convergence of the iteration process
So, the solution can lead to cycles and the
iteration procedure doesn't converge (e.g., look
at a graph of two Web pages where each page is
hyperlinked with the other page).
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• Dangling nodes:
What is the PageRank of dangling nodes (Web
pages with no outgoing links)?
• Rank sinks:
The whole PageRank is assigned to some Web
pages, other Web pages get the PageRank 0.
• Sensitivity:
What about the dependency of the iterations
from the starting point?
What about convergence speed?
Numerical problems and simulation are enough
reasons to reflect Google's approach and
model.
2. Modification of the mathematical model.
Page and Brin have discussed the behaviour of a surfer in the Web in more detail. A surfer is starting his
walk through the Web on any Web page. She/he is
clicking randomly on a link and thus switches to another Web page. And the same process continues. But
what happens if a chosen Web page doesn't contain
any link? Then we can go back to a former Web page,
or the surfer starts a new walk with an URL from the
bookmark list.
This typical behaviour of Web surfing should be inserted in the model. This is possible by a modification
(extension) of the coefficient matrix of the model.
Instead of the matrix above, Page and Brin used
G=

x S + (1- ) 1/n e eT

where S is the matrix of hyperlinks introduced above.
G is called Google matrix in the following.
For = 1 we get the system of equations (1).
For = 0 we have a stationary process. The original
PageRank of a Web page is not changed by iteration.
In principle can be an arbitrary value in the interval
(0,1), but numerical simulations have shown that
= 0.85 is a good choice.
3. Properties of the modified model
The modified model has some nice properties. Such a
kind of matrices are well-known from the theory of
Markov chains. They are used to model special stochastic processes, namely the transition between states,
the situation as given for surfing on the Web. Such
models characterize a process without memory. It is
interesting that Page and Brin did not use the theory
of Markov chains in their model.

4. Mathematics behind Google
The Google matrix (for ≠1) is a matrix with nonnegative coefficients. Such mathematical objects were
investigated in the Perron-Frobenius theory. It can be
shown that the Google matrix is irreducible and primitive. These properties guarantee the fast convergence
of the iteration process.
For details, see the book of Langville and Meyer,
2006. For further publications on the topic PageRank
check our database ZMATH (www.zentralblattmath.org/zmath/en) and look for "PageRank" or
"Google".
5. Computation of PageRank
Google does indeed use the iteration process to calculate the PageRank. The huge dimension of this linear
system of equations is a big challenge for computing.
6. What measures the PageRank?
The measure for the evaluation of a Web page is –
analogously to the impact factor in the citation analysis – the popularity of a Web page. More links to a
Web page increase the PageRank.
7. Google’s success
Google's PageRank has dramatically changed the
search on the Internet. Google, a typo of Googol, is
today a synonym for the Web search. Google has
paved the way for analyzing huge sets of information
by automatic (mathematical) methods and means.
The new quality of ranking made Google the most
popular search engine within just a few months. As
we said before, Google is based on mathematics. The
success of Google is also a success for mathematics.

Google and ZMATH
What are the perspectives of searching the Web? Does
Google make bibliographic databases superfluous? Of
course, there is no definite answer to this question
but there are some reasons against such a scenario.
Google analyzes neither the content nor the quality of
the information. Google's aim is to be the best universal search engine, a search engine which can be used
intuitively and which provides the best information.
• Google is a commercial company and has to make
profit. Small markets like mathematical information are not very interesting from a commercial
point of view.
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• Mathematics has developed an own language.
During the centuries mathematics has developed
an own vocabulary and is formula-based. The
notation of mathematics in the Web requires
special formats, e.g., TeX and MathML.
• Google's retrieval is text-based. Up to now Google
does not develop special retrieval methods for
single scientific disciplines.
• Google’s PageRank is only one aspect of content
analysis. Further aspects must be integrated into
the sophisticated search engines of the future.
• The driving force behind mathematical information
and communication is the mathematical community. Up to now mathematical information and
communication is strongly involved and developed
by people and institutions; examples are the
development of TeX and MathML, the development
and updating of mathematical classification
schemes, the development and the operating of
specialized services, the development and discussion about requirements to mathematical information and communication in the future, the concept
of a Digital Mathematical Library, etc.
• Google is restricted to information which is available on the Web. This is not the case for all mathematical knowledge published up to now (but of
course the percentage of mathematical publications which are also available over the Web is
increasing).
Publications from mathematics and applications are
the core of the database ZMATH. The database ZMATH
almost exhaustively lists the mathematically relevant
publications. Completeness is the first criterion for
ZMATH.
The mathematical publications are articles from mathematical journals, lectures of conferences or books. The
content of ZMATH is quality-proof information.
The entries within the databases ZMATH starts with a
comprehensive content analysis. Processing of mathematical publications in ZMATH means
• to analyze the bibliographic data of a publication
(authors including an author's identification, title
(original and possibly translated titles), source,
publication year, language of the publication
• to describe the mathematical content, e.g. a classification of the mathematical subjects according to
the Mathematical Subject Classification (MSC), an
overview of the content and the results of the
publication given by a review of an independent
expert or the abstract of the publication
• linking to full texts or document delivery services.

The retrieval functionalities within ZMATH are a further
important aspect of ZMATH. The quality of ZMATH consists of the quality of its entries plus the quality of the
content analysis plus the quality of retrieval functionalities.
Also the methods of creating and updating the database ZMATH are under permanent change. More and
more automatic procedures will be used, e.g., author
identification. New automatic methods and procedures are discussed and checked, e.g., automatic classification. As we said above, automatic processing of
information means the use of mathematical methods.
So, mathematics and especially ZMATH have the
potential to develop new and better methods for information retrieval in mathematics and sciences.
In my opinion the question is not: "Google versus
ZMATH". I think that the future will be "Google and
ZMATH" (where ZMATH stands for specialized services).
ZMATH is a special filter for mathematical information
which refines and complements the information retrieval of universal search engines. It could also be in the
interest of Google to cooperate with topic-specific
information services. A cooperation between universal
and topic-specific search engines/databases would
generally improve information retrieval on the Web.
Both search engines and such databases are part of
the dynamic development of intelligent, powerful and
user-friendly information services.
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The mathematician Wolfgang Doeblin
(1915-1940) – searching the Internet
Last year two documentaries, new publications and a celebration at the “Berlin-Brandenburgische Akademie der Wissenschaften“ popularized the fate and the mathematical work
of Wolfgang Doeblin. Is it possible to find more detailed information about Wolfgang
Doeblin in some of the FIZ Karlsruhe databases and on the World Wide Web?

Silke Göbel

In the summer of 2007 the German-French television
channel „arte“ presented a documentary about the
mathematician Wolfgang Doeblin. If you missed this
opportunity, and if you are curious to find out more
about Wolfgang Doeblin, you can obtain fast and
comprehensive information from our databases
„Zentralblatt MATH (ZMATH)“ (free demo access; full
access for subscribers) and “Jahrbuch über die Fortschritte der Mathematik (JFM)“ (open access). Using
further internet services, one may nowadays gain fast
access to fundamental information, reprints, articles
and original publications without leaving one’s computer, at workplace or at home. Time-consuming visits
of libraries or bookshops are no longer necessary.
The first source consulted by most people is “Wikipedia, the Free Encyclopedia“. Not all entries in Wikipedia are reliable or complete, but most entries are a
good starting point. Wolfgang Doeblin is not recorded
in the English version of Wikipedia, but in French and
German (as per Oct 10, 2007; translated from German):
Wolfgang Doeblin, or Vincent Doblin (* March 17, 1915
in Berlin; + June 21, 1940 in Housseras, Vosges), the
second son of Alfred Döblin, was a German-French
mathematician. In view of the defeat of the French
army and in fear of the Nazis he committed suicide in
1940 . His parents where also buried in Housseras in
1957.

His work in Probability Theory became generally
known after an announcement and publication of the
Académie des Sciences in Paris in 2000. This work
was contained in a sealed letter dated February 1940.
With the results in the paper “Sur l'Equation de
Kolmogoroff" he could have anticipated Iro Kiyoshi's
theory about stochastic integration.
Now several questions are still open:
Why was Wolfgang Doeblin in danger, and why did he
commit suicide?
Only one publication is noted in Wikipedia.
Did he really write only one article?
Why wasn’t this article published before 2000?
Searching now in the databases JFM and ZMATH gives
the answers to the questions above and moreover
makes it possible quickly to find out more about
Wolfgang Doeblin:
Searching in the Jahrbuch database for publications of
the author „Doeblin, W*.“, obtains 31 articles, and
one paper of author „Doblin, V*.“ (Fig. 18).
All articles were written between 1936 and 1940. This
answers one of our questions: Wolfgang Doeblin has
written not only one publication, but at least 32, and
this over a period of four years. For a mathematician
this is a lot. All articles are contained in the section
“Probability Theory and Applications“ of the Jahrbuch;
the sub-sections are: “Distributions“, “Probability of
Dependent Events“, “Limit Theorems” and “Finance
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“Lettre de L’académie des Sciences, no. 2, 2001“. In
this paper Prof. Bernard Bru sheds light on the tradition of the sealed folders in the Académie des
Sciences (“Les plis cachetés du passé au présent“
p. 15) and the surprising discovery of the work of
Wolfgang Doeblin (“La vie de W. Doeblin et le pli
cacheté 11668“ pp. 16-17).

Fig. 18: Result of the search in JFM database

Mathematics“. The papers and announcements are
written in French. Many of them are published in the
“Comptes rendus hebdomadaires des séances de
l'Académie des Sciences“ – the well-known journal of
the French Academy of Science. Three articles have coauthors: Robert Fortet and Paul Lévy. Thus it is evident
for most mathematicians that Wolfgang Doeblin worked with the well-known probabilists Paul Lévy and
Maurice Fréchet at the famous “Institut Poincaré“ in
Paris.
Searching in ZMATH for the author “Doeblin, W* or
Doblin, V*“ obtains 63 articles (Fig. 19).
Some documents are duplicates, because between
1938 and 1942 the abstracting journals Jahrbuch and
Zentralblatt handled the data sometimes individually,
sometimes in common. 21 articles in ZMATH have
links to the complete digitized texts. Therefore, it is
possible for you – if you understand French and the
theory of probability – to read two thirds of the original work of Wolfgang Doeblin.
Three articles on top of the list in ZMATH were published in 2000. Number three (Zbl 0973.00016) is a special issue of “Comptes rendus hebdomadaires des
séances de l'Académie des Sciences“ with several
chapters. The review mentions the spectacular discovery of an additional work of Wolfgang Doeblin at the
Académie des Sciences in Paris: “Sur l'équation de
Kolmogoroff“. It is possible to order these 154 pages
with the services “FIZ AutoDoc“ or “subito“ (in
Germany) within one or two days. If you would like to
read two short digitized summaries first, it can be
recommended to follow a link in Wikipedia to the

Fig.19: Result of the search in ZMATH

What can you do, if you do not understand French? If
you query ZMATH for the title word “Doeblin“ and
“EN“ as language, you find a list of 45 documents.
Among others there is an article “Comments on the
life and legacy of Wolfgang Doeblin“ (Zbl 1046.01009)
and a video DVD “Wolfgang Doeblin. A mathematician
rediscovered” (Zbl 1046.010009). The article in the
journal “Finance and Stochastics” in English contains
the main results described in the special issue of the
Comptes Rendus cited in the previous section. You
may order a copy via the services “FIZ AutoDoc“ or
“subito“ in Germany. The film is not the same as the
one shown by “arte“, but also well worth watching.
The details about the life and work of Wolfgang
Doeblin are fascinating and impressively presented by
the producers with original interviews of Doeblin’s
brothers and more witnesses. You may order the film
with the publisher Springer or internet services such
as “Amazon“ or “Libri“ (Fig. 20).
The detailed review of the film in ZMATH gives answers to almost all questions asked in the beginning.
We will summarize the answers in the next section.
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Sciences (after a period of 100 years) have the permission to open such a “pli cacheté” (Fig. 21).
In connection with the conference “50 years after
Doeblin: development in the theory of Markov chains,
Markov processes, and sums of random variables”
held in 1991 at the University of Tübingen, Bernard
Bru, professor for the History of Mathematics at the
Université René Descartes Paris, was looking for information about Wolfgang Doeblin's vita. In an archive in

Fig. 20: Cover of the DVD: “Wolfgang Doeblin. A mathematician
rediscovered”

Life and Work of Wolfgang Doeblin
Wolfgang Döblin was born in Berlin during World War I.
He was the second of four sons of Alfred Döblin, medical scientist, doctor, writer and well-known author of
the novel “Berlin Alexanderplatz”. Alfred Döblin was a
Jew, socialist and even before 1933 well known for his
opposition against the Nazis. The night the “Reichstag” was burnt down, he left Berlin, and took refuge in
Paris. His wife an children also moved to France, and
they all became French citizens. Wolfgang Döblin
changed his name first to “Wolfgang Doeblin”, then to
“Vincent Doeblin” or “Vincent Doblin”. He had just
graduated from high school in Berlin. In Paris he took
up his studies in mathematics at the Université Sorbonne. Being now a French citizen he had to serve as
a soldier in 1938. During his military service as a regular soldier he tried to continue with his mathematical
studies – at least one hour per day. After the beginning of World War II in spring 1940 his battalion was
surrounded by the “Wehrmacht” in the Vosges. When
the German soldiers arrived at the little village of
Housseras and there was no escape, W. Doeblin burnt
his remaining papers and committed suicide in a
barn.
Some weeks before his death, Wolfgang Doeblin had
sent a sealed letter containing a new mathematical
treatise to the Académie des Sciences in Paris. He
only mentioned it by the way in a letter to M. Fréchet.
At least since 1701 there has been a tradition at the
Académie des Sciences that sealed letters, “plis
cachetés”, could be deposited. As a general rule only
the sender, his relatives, or the Académie des

Fig. 21: The archive of the “Académie des Sciences

Paris he discovered a letter written by W. Doeblin to M.
Frechet containing the hint to the pli cacheté. After
further investigation and time-consuming efforts, he
was given permission by the brothers Claude (Klaus)
and Stephan (Stefan) Doblin to open the letter. The
family had not been aware of the importance of
Wolfgang Doeblin’s mathematical work. Then the pli
cacheté was opened, and an exercise book with a
hand-written article “Sur l'équation de Kolmogoroff”
was found (Fig. 22).

Fig.22: First page of the “pli cacheté no. 11668“

33

34

A Focus on Mathematics

Prof. Bernard Bru and the probabilist Prof. Marc Yor
investigated the paper and found to everybody’s surprise that Wolfgang Doeblin as early as 1940 had devel oped a formula comparable to the famous formula
established in the 1950s by Kiyoshi Itô. Kiyoshi Itô
began his research regarding Kolmogoroff's equation
also around 1940. He got his most important results
during the 1950s. Today, Itô’s theory is of great importance for many parts of science and economics, especially in finance mathematics. The Black-Scholes
Model for option prizing is based on it.
In 1955 Paul Lévy compared Wolfgang Doeblin’s
mathematical abilities and destiny to those of Niels
Henrik Abel and Èvariste Galois. In any case, Wolfgang
Doeblin was certainly a gifted mathematician, and
some parts of the probability theory could have been
developed faster, had he lived some years longer.

Four more remarks
A simple search in ZMATH with the keyword “Doeblin“
obtains 261 publications. Some authors use expressions like “Doeblin’s condition“, “Doeblin type theorem“, “Doeblin decomposition“, “Doeblin processes”
or “Doeblin’s big limit thorem“. Every year, mainly
since 1970, articles are published which are based on
Wolfgang Doeblin's ideas. So it is again evident that
Wolfgang Doeblin’s articles are important and still of
interest for today’s researchers.
It is striking that all publications of Wolfgang Doeblin
were completely reviewed in both Jahrbuch and Zen tralblatt (see publication list of B. Bru and M. Yor in
Zbl. 1046.01009). Wolfgang Doeblin was a Jew, refugee from Germany, and regarded as an enemy by the
Nazis. The editors of the Jahrbuch and Zentralblatt at
that time, Dr. Harald Geppert and Prof. L. Bieberbach,
were members and stalwarts of the “Nationalsozialistische deutsche Arbeiterpartei“. But the abstracting
journals Jahrbuch and Zentralblatt continued to report
as objectively and comprehensively as possible about
mathematical publications, although the authors were
ostracised in Germany. Likewise, the Jahrbuch and
Zentralblatt remained relevant for the mathematicians
abroad. Wolfgang Doeblin wrote a letter from Givet
(the position of his battalion at that time) to Michel
Loéve in Paris and asked him to send him the latest
reviews on his papers in the Zentralblatt.

There were other three mathematicians in Wolfgang
Doeblin’s French battalion. All three were made prisoners of war and asked to work for the Jahrbuch and
Zentralblatt in 1941. During World War II the editorial
staff of the journals was reduced and needed more
specialists. Four French mathematicians wrote reviews
(J. Leray, C. Pauc, F. Roger, J. Ville), and two French
mathematicians worked in Berlin (C. Pauc and F. Roger
in 1943).
In Wikipedia a book about W. Doeblin is quoted: Marc
Petit "Die verlorene Gleichung. Auf der Suche nach
Wolfgang und Alfred Döblin“ (The lost Equation. In
Search of Wolfgang and Alfred Döblin). Marc Petit discovered many biographical facts about the two men.
He read many sources and interviewed Bernard Bru,
Marc Yor and contemporary witnesses. Marc Petit is
Professor for literature and tries to retrace people’s
lives between 1910 and 1940. But being neither a
scientist nor a mathematician, the fascination of
mathematics and unsolved mathematical questions
remain alien to him. He can hardly understand that
sometimes Wolfgang Doeblin spent day and night in
the library and even chose mathematics as a distraction during the war. Thus, character and qualities of
Wolfgang Doeblin remain somewhat vague and incomprehensible in this biography.

Pictures:
[1]: Deutsches Literaturarchiv (Marbach am Neckar),
[2]: Agnes Handwerk, Harrie Willems:
“Wolfgang Doeblin. A mathematician rediscovered”.
Springer VideoMATH, Berlin: Springer, DVD (2007).

Dr. Silke Göbel
FIZ Karlsruhe, Mathematics and Computer Science
Editor Jahrbuch Project
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Cryptography and Alan Turing
Computer scientists, mathematicians and inquisitive laymen are interested in fast and
comprehensive information about publications in Computer Science. In this chapter we
illustrate the helpfulness of the databases ZMATH and io-port.net for this purpose.

Enzo Rossi

Within a few decades, Computer Science has evolved
from a branch of mathematics into a self-contained
field of science. The importance of Computer Science
today is great and considerably increasing. For more
and more specialists, scientists and laymen comprehensive and up-to-date information about new publications is essential. FIZ Karlsruhe offers two databases which accommodate these demands.
The informatics portal io-port.net (http://www.ioport.net) provides centralised access to a literature
database of more than two million bibliographical
records in computer science and related areas. It unifies information from several (all important German)
scientific databases:
• Parts of ZMATH (see below),
• DBLP (Digital Bibliography & Library Project,
University of Trier,
www.informatik.uni-trier.de/~ley/db/),
• LEABiB (Bibliographic database of the Lehrstuhl
für Effiziente Algorithmen of the Technical
University of Munich, www mayr.informatik.tumuenchen.de/leabib/index.html.de),
• CCSB (The Collection of Computer Science
Bibliographies, University of Karlsruhe,
http://liinwww.ira.uka.de/bibliography/)]).
The database contains references to articles of journals, reports, dissertations, books and proceedings.
Every reference includes the bibliographic information,
in many cases also keywords, classification (ACM
Computing Classification System, CCS) or abstracts.
Books are frequently reviewed by subject specialists.
io-port.net also offers links to electronic full-texts if
available and full-text ordering systems. In coopera tion with publishing companies and libraries fast
delivery is guaranteed.

Additionally, io-port.net is complemented by further
content and services such as personalised services
and semantic tools. Basic information, like the display
of author and title, is free; the full version is available
to subscribers only.
The bibliographical database ZMATH contains records
from ”Zentralblatt für Mathematik” (1931 to date) and
from ”Jahrbuch über die Fortschritte der Mathematik”
(1868 to 1942) (for more information see the first three
chapters of this brochure). The database ZMATH provides information not only on mathematics but also
on Computer Science, in particular on Theoretical
Informatics. A free demo version is available on the
internet (three hits are displayed); subscribers among them almost all mathematical faculties in
Germany - can access all data.
In this chapter we want to show how search results
from both databases complement each other in various respects. We take the subject Cryptography and
scientist Alan Turing as examples. In ZMATH and ioport.net much information can be gained about these
subjects and in particular about Alan Turing, the ”father" of Theoretical Informatics and Artificial Intelli gence. Cryptography (coming from the Greek words
kryptós, “secret”, and gráphein, “written“) is the
science of encoding and decoding data. Alan Turing
made an important contribution to this theory by deciphering the code of the German “Enigma“ machine
during World War II.

Quick search for Alan Turing
A simple search for the author ”Turing, A*” in ZMATH
gives 33 hits (Fig. 23). It is remarkable that all of
Turing’s works have been re-published during the last
years: Nearly on top of the results list are four volumes
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of ”Collected works". Three reasons for this can be
taken from the reviews of these collections:

First research activities

1. Turing wrote ”classical" papers which are still
trend-setting and interesting for mathematicians
and computer scientists.

From 1931 to 1938, Turing studied mathematics in
Cambridge and Princeton. He showed particular interest in mathematical logic and in the writings by
Russell, Whitehead, Gödel, Hilbert and Neumann.

2. For secrecy reasons, Turing‘s papers on the Enigma
were not published before the 1990s.
3. Many of Turing’s papers, especially those from the
last years of his life, have remained incomplete or
unpublished.

The Jahrbuch database (included in ZMATH) lists
seven publications by Turing from this period with
contemporary reviews in German (e.g. JFM 62.1059.03,
Fig. 24). In ZMATH a detailed review in English of this
ground-breaking paper can be found: "On computable
numbers, with an application to the Entscheidungsproblem" (Zbl 0016.09701). In this paper, Turing introduced a machine known today as the "Turing machine". It was the first mathematical model of a computer
and the basis for many experiments on decidability,
computability and the theory of algorithms. With this
model, Turing also succeeded in demonstrating that
there is no solution to Hilbert’s so-called "Entscheidungsproblem".
The fact that a search for “turing mach*” in ZMATH
(Basic Index) gives 2,342 hits shows that the theory of
Turing machines is still topical. A whole sub-section of
the Mathematics Subject Classification is dedicated to
papers on such models: “68Q05, Models of computation (Turing machines, etc.)”.

Fig. 23: Searching for author “Turing, A*” in ZMATH gives 33 hits.

A search for ”turing” (Advanced Search for author) in
io-port.net gives 54 publications. Whenever possible,
entries from different providers concerning the same
publication were unified; references to the original
entries are maintained.

Biographies on Alan Turing can be found in ZMATH by
searching for ”Alan Turing" in the Basic Index and the
classification ”01*” (History and Biography). One of
the first and most famous biographies is the one by
Andrew Hodges: ”Alan Turing: The Enigma", published
in 1983 (Zbl 0541.68001). It was re-published several
times and is now also available in German (Zbl
0834.68023).
Fig. 24: Review in the Jahrbuch of one of Turing's most famous
articles.
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Turing’s activities during WW II
At the outbreak of World War II, in 1939, the English
secret service invited Turing to join them at Bletchley
Park and to support them in deciphering the code of
the ”Enigma” (evolving from the Greek word for
“riddle”), an encoding machine used by the German
forces. The Enigma was designed in order to keep the
radio communication between the military units of the
“Wehrmacht” secret from the allied forces. The Enigma
was an extremely complex apparatus consisting of five
rotors and thousands of different settings, and its
code was considered unbreakable. Turing largely contributed to the code-breaking. Since all this work had
been kept secret, the essential role Turing had played
in it became only known in the 1970s. According to
historians, the deciphering of radio transmissions
during the submarine war has played a decisive role in
the war.
It is therefore not surprising that a search for ”enigma
turing” in the Basic Index of the ZMATH database finds
only papers published after 1983. The ”Collected
Works” contain articles on the work in Blechtley Park,
the cryptographical methods used, and excerpts from
Turing’s report on the Enigma (Zbl 0986.01023). The
whole Enigma report was first published in 1996.
A search for ”enigma turing” in io-port.net gives 26
papers. The article ”Turing‘s Treatise on Enigma”
(Fig. 25) provides a link to the website of a digitalisation project which offers full-texts of Turing’s works
and other publications on this topic:
http://cryptocellar.org/Turing/.

Post-war period spent in Teddington and
Manchester
After the war, Turing was engaged in designing the
first computers, the “ACE” (Automatic Computing
Engine) and ”Mark I”, and did some theoretical work
in the field of Artificial Intelligence. In his paper
“Computing machinery and intelligence” (Mind,
October 1950) he suggested to carry out an experiment, the so-called ”Turing Test”, to find out whether
machines are capable of thinking. This paper is accessible via http://cogprints.org/499/.

Fig. 25: Citation in io-port.net of the article: “Turing's Treatise on
Enigma”.

Today the theme “Turing test” is still topical. Publications on the Turing test can be found by searching for
”turing test” in io-port.net: At present, 335 publications are contained, almost 90 of which were published during the last five years.
From 1952 until his death in 1954 Turing worked on
programmes for a chess computer and on mathematical biology. One of the relevant papers to be found in
io-port.net is the article “Digital computers applied to
games”. His important paper “The chemical basis of
morphogenesis” of 1952 is also available via ioport.net. Again, the new theory was named after
Turing: the “Turing Mechanism”.
A prosecution for homosexuality put an end to
Turing’s career and his life. On June 7, 1954 Turing
committed suicide with a cyanide-poisoned apple.

Conclusion
These examples show that with the help of the portal
io-port.net and the ZMATH database searched together it is possible to get comprehensive information
about different computer science themes and scientists. The databases complement one another, and
give references to further print and electronic sources
– not only for specialists, but also for teachers, students and laymen.

Enzo Rossi
FIZ Karlsruhe, Mathematics and Computer Science
Zentralblatt MATH
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Where there is music in Zentralblatt –
searching for more remote applications
of mathematics
Even for topics whose connections with mathematics are not so obvious you will find
numerous references in ZMATH. Music is a good example.

Klaus-D. Kiermeier

Since the time of Ancient Greece, mathematicians and
non-mathematicians have tried to find connections
between music and mathematics. Especially wellknown are the findings of Pythagoras of Samos (ca.
580-500 BC) and his followers on the relations of
natural numbers, the lengths of a vibrating string, and
the pitches produced by this string. The Pythagoreans
were interested in the mysticism of numbers and studied these relations by experimenting with a monochord. They realised that a string whose length is subdivided in a ratio represented by a fraction of two
natural numbers produces a note that is in “harmony“
with the note produced by the full string: if the ratio is
1:2 then the result is an octave, with 2:3 one gets a
perfect fifth, with 3:4 a perfect fourth, etc.
Of particular importance was the discovery of the socalled Pythagorean comma. In all pitch systems that
are based on perfect octaves and perfect fifths there is
a discrepancy between the interval of seven octaves
and the interval of twelve fifths, although both have to
be considered as equal in musical terms. This discrepancy results from the difference between
and
, whose ratio is 524288:531441, and the relevant
calculations can already be found in Euclid's work.
Musically, this difference makes up approximately an
eighth tone.
In musical practice the Pythagorean comma causes
serious problems. So in the past numerous approaches
were developed to find tunings for instruments that
reduce these problems to a minimum. The tuning that
today is known best and used most often in European
music is the equal temperament or well temperament
tuning. This tuning became popular during the ba-

roque era and most notably by “Das wohltemperierte
Clavier“ (“The Well-Tempered Clavier“), Bach's grand
collection of preludes and fugues that impressively
demonstrated the possibility of letting all keys sound
equally well. Of course one could also say “equally
bad“, since in the equal temperament none of the
intervals but the octaves are perfect any more, i.e., the
ratios mentioned above are no longer valid.
In the equal temperament every octave is subdivided
into twelve half-steps all of which have the same frequency ratio of
, where in the terminology above
the 2 is to be read as 2:1, i.e., the frequency ratio of
an octave. All frequencies of the pitches of the equal
tempered twelve-tone scale can be expressed by the
geometric sequence

where
is a fixed frequency, e.g., the standard pitch
a' (440 Hz), and
is the half-step distance of the
target note from the note with the frequency
.
Then,
is the frequency of the target note. The
sequence is a geometric one since by its very construction the ratio of two adjacent sequence terms is
always the same.
In modern times, Leonhard Euler (1707-1783) was one
of the first who tried to use mathematical methods in
order to deal with the consonance/dissonance problem. In his work, too, ratios of natural numbers, reflecting frequency ratios of intervals, play an important
role. In his paper “Tentamen novae theoriae musicae”
of 1739 [in: Opera omnia. Series tertia: Opera physica.
Vol. I: Commentationes physicae ad physicam generalem et ad theoriam soni pertinentes. Ediderunt E.
Bernoulli, R. Bernoulli, F. Rudio, A. Speiser. Leipzig, B.
G. Teubner (1926; JFM 52.0021.07)] Euler defines the
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following Gradus-suavitatis function [cited after
Mazzola, 1990]: Let be a positive integer. Since
every such number can be uniquely factorised into
primes, has a unique representation in the following form:

where
sequence of primes and
integers. Then Euler defines:

are a growing
are positive

and, more general,

if

is a positive reduced fraction.

Inserting fractions that represent ratios of musical
intervals into this formula, we obtain the following
values (selection):
octave:

Abb. 26: Geometrical representation of equal tuning from Sopplimenti
musicali (1588) by Gioseffo Zarlino

fifth:
fourth:
major third:
minor third:
major second:
minor second:
tritone:
According to Euler, these numbers are a measure for
the pleasantness of an interval: the smaller the value
the more pleasing the interval. Indeed, this is more or
less in accordance with our European listening habit,
with one exception: the perfect fourth is heard as a
dissonance in some contrapuntal and functional harmonic contexts.
Since that time there has been a lot of activity in the
area between mathematics and music. This can easily
be seen by a simple search in the database
Zentralblatt MATH:
[bi:music* | bi:musik* | bi:musiq*]

This is to be interpreted as follows:
“bi“ means “basic index“. In this index of the database all words and word sequences are indexed that
appear in any of the fields, be it in the title, in the
source, in the review or abstract, or even in the authors field.
The asterisque * means, as usual, truncation, i.e., all
words are searched that start with the sequence of
characters left from the *. Here, the truncation
accounts for the fact that in Zentralblatt MATH there
are entries in English, German and French (and rarely
also in Italian).
The vertical bar represents a logical “or“.
Today (29th February 2008), this query yielded 1199
hits, the most recent ones from 2008, the oldest from
1870. The result shows that even in areas with loose
connections to mathematics there is a wealth of literature to be discovered, and its amount has been rapidly growing during the last decades.
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A closer look at the result of the search reveals that
there is a great variety of topics that are dealt with.
Here is a selection of keywords describing some of
these topics:
• acoustics (waves, spectra)
• automatic recognition of music pieces, musical
styles, musical instruments, performers etc.
• automatic music transcription
• musical scales
• musical tunings
• music perception
• composition of music

completeness of the data (with or without reviews or
summaries, classification, etc.). Bearing this in mind,
you will find a great variety of publications dealing
with music and mathematics, historical and brand
new ones, mathematically ambitious ones and those
for a wider audience. Particularly for a number of
recent monographs and textbooks introducing the reader into mathematical music theory, Zentralblatt MATH
contains some insightful reviews; see, e.g., Zbl
1051.00007, Zbl 1104.00003, Zbl 1119.00008. You will
come directly to the respective database entry if you
search for its “accession number“:
[an: 1104.00003]

• history of music
This query gives, e.g.,
A great variety of mathematical methods is used here,
e.g., number theory, combinatorics, groups, categories, geometry, manifolds, algorithms, neural networks, statistics, fractals, wavelets, differential equations, and much more.
If you are interested in a more specific topic or in particular methods, you can easily refine the above query.
For example, the query
[(bi:music* | bi:musik* | bi:musiq*) &
(bi:acoust* | bi:akust* | bi:wave* |
bi:welle* | bi:onde*)]

gives 160 hits from the area of musical acoustics.
Here, & is a symbol for the logical “and“. In a similar
way it is possible to restrict a query to a particular
time interval:
[(bi:”music theory” | bi:musiktheorie) &
(py:1920-1929)]

yields, for example, literature on music theory from
the 1920s, where “py“ means “publication year“. If
you want to search for a sequence of words in exactly
a certain form, then you have to put it into quotation
marks.
In any case, if you search in the Zentralblatt MATH
database you need to consider that the data were collected over a period of nearly 150 years. So their format is not in all respects homogeneous. This concerns
the language (until the middle of the 20th century
mostly German, now mostly English) as well as the

Mazzola, Guerino: The topos of music. Geometric logic
of concepts, theory, and performance. Basel:
Birkhäuser (2002),
one of the most innovative recent works of
mathematical music theory.

Sources employed:
Gottwald, Siegfried; Ilgauds, Hans-Joachim; Schlote, Karl-Heinz (eds.):
Lexikon bedeutender Mathematiker. Leipzig: Bibliographisches
Institut (1990). Zbl 0706.01001
Gurlitt, W.; Eggebrecht, H. H. (eds.): Riemann Musik Lexikon. 12. Aufl.
Sachteil. Mainz: B. Schott's Söhne (1967).
Mazzola, Guerino: Geometrie der Töne. Elemente der mathematischen
Musiktheorie. Basel: Birkhäuser (1990). Zbl 0729.00008
Wille, Rudolf: “Mathematische Sprache in der Musiktheorie“, in:
Jahrbuch Überblicke Mathematik 1980, 167-184 (1980). Zbl
0493.00017
Wikipedia entries:
• Pythagorean comma
• Equal temperament

Klaus-D. Kiermeier
FIZ Karlsruhe, Mathematics and Computer Science
Zentralblatt MATH
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From Four Colour Conjecture to Four
Colour Theorem – an analysis by means
of Zentralblatt MATH
In their everyday routines, mathematicians every now and then will have to deal with
results which in some cases resulted from the engagement of whole generations of
researchers who helped to solve a tough problem. Not always in their lifetime the problems attracted the same amount of attention. Can the MATH database help to illustrate
these aspects? We take the Four Colour Theorem as an example for which we show how
the interest in a topic has evolved over a long period.

Heinz Kröger

The development of mathematics can be traced,
among other things, by means of the many problems
which served as a starting point for research. Fruitful
problems do not only attract interest in a narrow field;
trying to find a solution to them often gives an insight
into other areas of mathematics. Thus, interconnections arise which often are not anticipated in that
form. This effect arises whenever the straight path to a
solution is too pebbly and equivalent formulations of
the problem are found which at best make it possible
to achieve the goal in a simpler way in a different area
of mathematics.
In the mathematical community huge problems are
sometimes a dominating topic for many years, even
decades. During their lifetime they attract different
degrees of attention, sometimes more and sometimes
less. The longer the problems are around, the stronger
and the wider is their influence on their mathematical
environment. The fact that in some cases they gene rate activities in several rooms of the “mathematics
building”, sometimes even on different floors, made
the total of these problems the driving force behind
mathematical research. And the more widespread
these the problems are prior to their solution, the
more the various areas will profit from the solution
once it has been found.

In his book “The mathematical century: The 30 greatest problems of the last 100 years“ [Princeton University Press (2004; Zentralblatt MATH 1065.00003)], P.
Odifreddi presents the greatest problems of the last
100 years and describes their impact, both on the
area in which they were generated and on mathematics as a whole.
Let us quote a few of the problems mentioned there:
Einstein’s general relativity theory, Gorenstein’s classification of simple groups, Bieberbach’s symmetry
groups, Hale’s solution of Kepler’s problem, Wiley’s
proof of Fermat’s last theorem, the four colour theorem of Appel and Haken, Kolmogorov’s axiomatization, etc.
As mentioned before, these problems were not paid
the same amount of interest during all of their lives.
We therefore consider it of interest whether the development of the attention paid to a problem can be
documented in a rather simple way by means of the
number of papers on it reviewed in Zentralblatt MATH.
Let us choose the Four Colour Problem as our example. It was first formulated when in the year 1852
Francis Guthrie, who just had graduated from Univer sity College in London, in a letter to his younger
brother Frederick, who was still a student, asked him
to determine whether it was mathematically proven
that every map painted on a sheet of paper can be
coloured with only four colours in such a way that
nowhere two countries of the same colour share a borderline. The Four Colour Conjecture was formulated,
however, it would take 124 years until a final proof
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could be furnished. Their teacher, Prof. De Morgan,
could not provide any proof and thus it remained for a
long time. In 1878, A. Cayley brought the problem forward to the London Mathematical Society, but he was
not able to solve it. One year later, A.B. Kempe presented a proof which in his opinion was true. Kempe’s
idea was to find a set of configurations that was unavoidable in a normal map. At the same time he was
looking for reducible configurations, where a configuration is said to be reducible if it cannot be part of a
minimal five-coloured map. In the year 1890 Kempe’s
attempt of a proof was recognized to be faulty by P.J.
Heawood who also noted that it would be very difficult
to “repair” the proof. He tried to transfer the problem
of colouring a map on a plane surface to that of
colouring a map on more complex surfaces, which
seemed to be easier to solve. Heawood worked on the
problem for 60 years. In the course of his efforts
regarding the four colour problem he proved the five
colour theorem which says that each normal map can
be coloured with five colours. You can find a nice
proof of this theorem in the book “Proofs from THE
BOOK” of M. Aigner and G.M. Ziegler. Shortly after
1910, new ways were pursued, and new reducible configurations were found. D. Birkhoff improved Kempe’s
approach by showing that even larger configurations
than those described by Kempe are reducible. Now
first concrete results were presented. In 1922, P. Franklin found out that maps with 25 countries maximum
can be coloured with four colours. In 1950, it was already known that maps may even contain 36 countries
to remain four colourable.
In 1937, H. Whitney formulated a numerical equivalent
to the four colour problem, another attempt to attack
it by making a detour. There was an arithmetic approach, even a four colour formula was given (J. Nuut,
1931). And the probability of the correctness of the
four colour theorem was investigated (E. Krahn, 1932).
After all these attempts in the 1920s and 1930s, interest in the four colour problem dwindled a little. In fact
the main reason for this was World War II, but also
after the war the problem only gradually regained its
place in the focus of whole workgroups. New approaches were designed, the failures of earlier ones
were investigated and recognized. Many of the well
known graph theorists took care of the problem. In
1969, H. Heesch, who had been working on the prob lem since 1936, wrote a whole book on the four colour
problem. He suggested that he would be able to prove
the theorem by finding an unavoidable set of redu cible configurations. His work paved the way for the
generation of a computer program which could perform the operations that were necessary to determine

this unavoidable set, which would have been impos sible by hand. K. Appel and W. Haken finally were the
ones who were successful with a computer program of
that kind in 1977 . They found 1936 unavoidable configurations. Later they were able to reduce this set to
1476 members, and in 1996, N. Robertson, D. Sanders,
P. Seymour, and R. Thomas could bring down the number of unavoidable reducible configurations to 633.
With Appel’s and Haken’s proof in 1977, one of the big
problems was for the first time solved by means of
computer programs. This approach was rather unusual
at that time, a classical proof with pencil and paper is
also in this case still longed for. However, checking a
great number of cases in a reasonable time seems to
be only possible by computer support.
You can find all articles and books mentioned above
when you perform a search in the database ZMATH
which comprises data from both Zentralblatt MATH
and Jahrbuch über die Fortschritte der Mathematik
and thus reaches back to the year 1868. With many
little queries you can collect valuable information on
those books and articles which in their times paved
the way for the solution of the four colour problem.
You may also find those papers whose approach did
not lead into the right direction. After a few queries
one notices that times of high interest in the four
colour problem were followed by times of lower interest and vice versa. It is interesting that a very simple
query gives us a first idea of the intensity of interest
paid to the problem in individual periods. As the term
“four colour problem” usually appears in the title of
the relevant papers, or otherwise certainly in the
review, it seems sensible to carry out the following
little query in “Basic Index” (BI):
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[bi: „four colo*“ | „vierfarb*“ |
„quatre couleur“| „quattro colori*“]

The result over the complete database comprises 488
papers. If you distribute these into time bins, for
example decades, you get the following table:

Time period
<=1900
1901-1910
1911-1920
1921-1930
1931-1940
1941-1950
1951-1960
1961-1970
1971-1980
1981-1990
1991-2000
2001-today

Hits
6
3
3
23
46
11
7
22
83
82
129
83

The result of this little query already allows you to
notice that after the problem had been formulated in
1852 quite some time passed by until it attracted
reasonable attention. Some important contributions
from the second decade of the last century have lead
to a growing interest in the four colour problem, which
even increased in the 1920s and 1930s. But the complexity of this problem, the formulation of which is so
simple, seems to have reduced the amount of interest
paid to it thereafter. Only when it became more and
more common to prove mathematical problems with
the help of computers, the four colour problem regained its place in the focus of researchers. By the
numbers of papers reviewed in ZMATH in the 1970s
one can clearly notice the increase of interest; the
proof from 1977 falls in this decade. The following
years saw, besides attempts to improve or simplify the
proof, many papers which dealt with the effects on
those areas of mathematics for which equivalent
formulations had emerged. Certainly the number of
papers in the database concerning the four colour
problem/theorem is much higher than the 488 shown
as a result of our simple query, but the general conclusion made on the basis of this result should not
change.
This is a nice little example which demonstrates how
one can easily get an overview over development
paths in mathematics.
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