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Looking back to the recent history

1980s TEgX

1981 P. Ginsparg: small HTTP server for authors to
upload preprints written in TEX

1990s Electronic platforms for publishing, the first
digitization projects (Gallica, JSTOR, GDZ);
Google

2001 IMU: Call to all mathematicians to make their
publications electronically available

2002 World Digital Mathematics Library, with new
Impulses in 2006, 2012, 2014
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“Classical” digital libraries

e Archiving and access to texts with permanent URL

e Sufficiently reach metadata for
e searching authors, titles, key words, MSC codes, text
e references lookup
e interlinking documents
e Further services
e search for semantically similar documents
e formula search
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£7/DML.: distributed digital library
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S1/DML http://eudml.org

English (en} -

The EUROPEAN DIGITAL

Login Register [Why Register?)

£1DML

MATHEMATICS LIBRARY |

Search

Enter your search terms to get started

Advanced Search

</> Embed E4DML Search on Your Website

Search Tips

» search is case and diacritics insensitive
(Bézout = bezout)

« search is performed on exact words as typed
(theorem # theorems)

+ phrases are supported with quote notation
{"Uniformization theorem™ # Uniformization
theorem = uniformization AND theorem}

+ wildcards * and ? can be used (except in
phrases)

EuDMT is currently indexing 233856 ifems across 14 collections

| What is EuDML? | Features

EuDML makes the mathematics 1. Search and explore the collection
2. Find related items and journals

3. Save and share your findings

literature available online in the
Jorm af an enduring digital

callection, develaped and TiEnEET TrsrEn
maintained by a network of

institutions. Browse by Subject

Browse by Journals

EuDML

FIND OUT THE BENEFITS

About the Project | Partners | Developer APl | Feedback | version 2.0

Recent Notes

LE Sigler began the tranzlation process of the
Liber Abaci in 2002. A few new facts are
reported by http://liberaba ci.blogspot.com/ a
point of view that re-scaled Greek unit fraction
arithmetic.

Seemare B

This topic has recently be came quite popular. A
lot ef infermation can be found on the web site
of the Research group on variable exponent
spaces and image processing

hitp:/fwww helsinki. fi'~ph arjulefvarsob
findex_shiml.

See more B
reply to the test note

Seemore B

£2/DML




DML - basic principles

e The texts in EUDML must have been scientifically
validated and formally published.

e EuDML items must be open access after a finite
embargo period. Once documents contributed to the
library are made open access due to this policy, they
cannot revert to close access later on.

e The digital full text of each item contributed to EuUDML
must be archived physically at one of the EuDML
member institutions.
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DML - sustainable development

e 2010-2013: project of 14 partners partly funded by the EC

e Since 2014: international association of 12 partners
The European Mathematical Society
FIZ Karlsruhe — Leibniz Institut fur Informationsinfrastruktur GmbH

Interdisciplinary Centre for Mathematical and Computational Modelling,
University of Warsaw

Université Joseph Fourier, Grenoble 1

University of Birmingham

Institute of Mathematics and Informatics BAS, Sofia

Institute of Mathematics AS CR, Praha

lonian University, Corfu

Societa ltaliana per la Matematica Applicata e Industriale
Unione Matematica ltaliana

Niedersachsische Staats- und Universitatsbibliothek Gottingen
Masaryk University, Brno
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Mathematical corpus

e zbMATH (including Jahrbuch since 1868):

> 3 million items

3000 journals and series
170 000 books

the eldest item from 1826

e MathSciNet (since 1940)

2,9 million items
2000 journals and series
100 000 books since 1960
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Growth of mathematics literature

arXiv | MathSciNet WoS
2008 | 14 373 86 533 20 908
2009 | 16 319 87 279 22 390
2010 | 18765 87 162 22 079
2011 | 21287 89 638 22 716
2012 | 24 176 92 191 23 760
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New challenges

e NRC Report (NSF, IMU, Sloan Foundation) Developing
a 21st century global library for mathematics research

e Stefan Banach (quoted by S. Ulam, 1957):

Good mathematicians see analogies between theorems;
great mathematicians see analogies between analogies.
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IIl. Generalized linear differential equations

1. The generalized linear differential equation
and its basic properties

|Wc assume that |A‘ [0,1]- L(R ) is ar4 n x n-matrix }Jalued function such that
vary A < oo and ge BV |0, 1] = BV,
The generalized linear dlfferentldl equation will be denoted by the symbol

(1,1) dx = d[A]x + dg

which is interpreted by the following definition of a solution.

1.1. Definition. Let [a,b] < [0,1], a < b; a function x: [a,b] — R, is said to be
a solution of the generalized linear differential equation (1,1) on the interval [a, b]
if for any t,1,€[a,b] the equality

(12) () = x(to) + J LA x(s) + 1) — gl
1s satisfied. ’

In the original papers of J. Kurzweil (cf. [1], [2]) on generalized differential
equations and in other papers in this field the notation

was used for the generalized linear differential equation.

It is evident that the generalized linear differential equation can be given on an
arbitrary interval [a,b] = R instead of [0, 1].

If xoeR, and tyefa,b] = [0,1] are fixed and x: [a,b] - R, is a solution
of (1,1) on [a,b] such that x(to) = x,, then x is called the solution of the initial
value (Cauchy) problem

(1,3) dx = d[A] x + dg,
on [a,b].

x(to) = xq

104

op

L1

1.2. Remark. If B: [O‘ 1] — L(R,,) is an n x n-matrix valued function, continuous
on [0, 1] with respect to the norm of a matrix given in L1.1 and h: [0,1] - R, is
continuous on [0,1], then the initial value problem for the linear ordinary dif-
ferential equation

(1,4) x' = B(f)x + ht),

is equivalent to the integral equation

x(to) = xo

v

x(t) = xo + £B{s) x(s)ds + J h(s)ds,

to
If we denote A(t) = [, B(r)dr, g{t) = [, h(r)dr for t€[0,1], then this equation
can be rewritten mto the equivalent Stieltjes form

tef0, t].

tefo,1].

T
() = xo + [ d[AWI] ) + &) - gl
to
The functions A: [0,1] — L(R,), g: [0,1] » R, are absolutely continuous and
therefore also of bounded variation. In this way the initial value problem (1,4) has
become the initial value problem of the form (1,3) with A, g defined above and both
problems are equivalent. Essentially the same reasoning yields the equivalence of the
problem (1,4) to an equivalent Stieltjes integral equation when B: [0,1] —» L(R,),
h: [0,1]— R, are assumed to be Lebesgue integrable and if we look for Carathéodory

solutions of (1,4).

1.3. Theorem. Assume that A: [0,1] — L(R,) is of bounded variation on [0,1],
ge BV, Let x: [a,b] — R, be a solution of the generalized linear differential equation
(1,1) on the interval [a,b] = [0,1]. Then x is of bounded variation on [a, b].

Proof. By the definition 1.1 of a solution of (1,1) the integral [} d[A(s)] x(s) exists
for every t,t,e[a,b]. Hence by 14.12 the limit lim [i d[A(s)] x(s) exists for
-0+
toe[a,b) and lim [ d[A(s)] x(s) exists for t, € (a, b]. Hence by (1,2) the solution
ttp—
x(¢) of (1,1) possesses onesided limits at every point t, € [a,b] and for every point
to € [a, b] there exists 6 > 0 and a constant M such that |x(t) < M for
te(to — 3, to + 8) N [a, b]. By the Heine-Borel Covering Theorem there exists a finite
system of intervals of the type (t, — 6, £, + ) covering the compact interval [a, b].
Hence there exists a constant K such that |x(t)] < K for every te[a,b]. If now
a=1ty,<t; <..<t,=b is an arbitrary subdivision of [a, b], we have by 14.27

.[i d[A(s)] x(s)| + |g(t;) — gt 1)

< Kvarl_ A+ |g(t) — g(t;i- )|

|x(t;) ~ x(t; ) <

105
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value (Cauchy) problem

(1,3) dx = d[A] x + dg,
on [a,b].

x(to) = xq
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1.2. Remark. If B: [O‘ 1] — L(R,,) is an n x n-matrix valued function, continuous
on [0, 1] with respect to the norm of a matrix given in L1.1 and h: [0,1] - R, is
continuous on [0,1], then the initial value problem for the linear ordinary dif-
ferential equation

(1.4) x' = B(t)x + h{t),  x(to) = x4
is equivalent to the integral equation

v

x(t) = xo + £B{s) x(s)ds + J h(s)ds,

to

tef0, t].

If we denote A(t) = [, B(r)dr, g{t) = [, h(r)dr for t€[0,1], then this equation
can be rewritten into the equivalent Stieltjes form

x(t) = xo + ﬁd[A(s)] x(s) + g(t) — glto)>

to

tefo,1].

The functions A: [0,1] — L(R,), g: [0,1] » R, are absolutely continuous and
therefore also of bounded variation. In this way the initial value problem (1,4) has
become the initial value problem of the form (1,3) with A, g defined above and both
problems are equivalent. Essentially the same reasoning yields the equivalence of the
problem (1,4) to an equivalent Stieltjes integral equation when B: [0,1] —» L(R,),
h: [0,1]— R, are assumed to be Lebesgue integrable and if we look for Carathéodory
solutions of (1,4).

1.3. Theorem. Assume that A: [0,1] — L(R,) is of bounded variation on [0,1],
ge BV, Let x: [a,b] — R, be a solution of the generalized linear differential equation
(1,1) on the interval [a,b] = [0,1]. Then x is of bounded variation on [a, b].

Proof. By the| definition 1.1 l)f a Isolution of (1,1) fthe integral [} d[A(s)] x(s) exists
for every t,t,€[a,b]. Hence by I412 the limit lim [i d[A(s)] x(s) exists for
-0+
toe[a,b) and lim [ d[A(s)] x(s) exists for t, € (a, b]. Hence by (1,2) the solution
ttp—
x(¢) of (1,1) possesses onesided limits at every point t, € [a,b] and for every point
to € [a, b] there exists 6 > 0 and a constant M such that |x(s)] < M for
te(to— &, to + 8) N [a, b]. By th¢ Heine-Borel Covering Theorem |there exists a finite
system of intervals of the type (t, — 6, £, + ) covering the compact interval [a, b].
Hence there exists a constant K such that |x(t)] < K for every te[a,b]. If now
a=1t,<t <..<t,=b is an arbitrary subdivision of [a, b], we have by 14.27

.[i d[A(s)] x(s)| + |g(t;) — gt 1)

|x(t;) ~ x(t; ) <

< Kvarl_ A+ |g(t) — g(t;i- )|
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Towards 21st Century Global Library for
Mathematics Research —recommendations

e A DML organization should be created to manage and encourage the
creation of a knowledge-based library of mathematical concepts such as
theorems and proofs... It should be an advocate for the mathematics
community and help develop plans for development and funding of open
information systems of use to mathematicians.

e A primary role of the DML should be to provide a platform that engages the
mathematical community in enriching the library’s knowledge base and
identifies connections in the data.

e The DML should rely on citation indexing, community sourcing, and a
combination of other computationally based methods for linking among
articles, concepts, authors, and so on.

e Community engagement and the success of community-sourced efforts
need to be continuously evaluated throughout DML development and
operation to ensure that DML missions continue to align with community
needs and that community engagement efforts are effective.
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Towards 21st Century Global Library for
Mathematics Research —recommendations

e The DML should be open and built to cooperate with both researchers and
existing services. In particular, the content (knowledge structures) of the
library, at least for vocabularies, tags, and links, should also be open,
although the library will link to both open and copyright-restricted literature.

e The DML should serve as a nexus for the coordination of research and
research outcomes, including community endorsements, and encourage
best practices to facilitate knowledge management in research
mathematics.

e The initial DML planning group should set up a task force of suitable experts
to produce a realistic plan, timeline, and prioritization of components, using
this report as a high-level blueprint, to present to potential funding agencies
(both public and private).

e The DML needs to build an ongoing relationship with the research
communities spanning mathematics, computer science, information
science, and related areas concerned with knowledge extraction and
structuring in the context of mathematics and to help translation of
developments in these areas from research to large scale application.
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Towards 21st Century Global Library for
Mathematics Research — next steps

e Panel discussion at the ICM 2014 in Seoul (IMU CEIC): working
group formed to

write concrete road map and incremental budget
derive proposals to funders from this document

e Collaboration on the EuDML level, developments in local
repositories including the BulDML and DML-CZ

extending the content

enhancing metadata

developing specialized tools (formula search, ...)

including new types of files (images, videos, simulations, ...)
securing long term preservation

following the EuDML policies, namely the eventual open access
getting users involved (annotations, ...)
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