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Abstract. The paper presents an overview of the current development of tools 
for search for mathematical formulae and their implementation in Digital Math-
ematical Libraries and reference databases such as zbMATH, MathSciNet and 
EuDML for mathematical scholarly literature. 
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1 Introduction 

In the light of the ever faster growing volume of scholarly literature in mathematics, 
web-based access to digital resources becomes absolutely essential for the work of 
mathematicians and other users of mathematical knowledge. These resources include 
digital libraries, reference databases and specialized web sites. An outline of recent 
development in Digital Mathematics Libraries is presented in [36].  

While text search in digital resources is now commonplace, search for mathemati-
cal formulae, equations, theorems, and proofs is a challenge attracting attention of 
mathematicians, computer scientists and developers.  

For typesetting their texts, mathematicians today typically use the typographic sys-
tem TEX [17] (with its variants LATEX [20], AMS- LATEX [1] etc.), which however 
is not suitable for presentation on the web and involves too much ambiguity for the 
purpose of retrieval. MathML [27], OpenMath [6, 35], OMDoc/MMT [15, 34] and 
Mizar [30, 16] represent the main languages and systems for encoding and presenting 
mathematics for the web. They are employed by various special search engines for 
mathematical text, e.g., EgoMath [9], LATEXSearch [22], ActiveMath [23], 
MathWebSearch [19, 13, 18] or MIaS [37]. 

Although still essentially under development, these systems and engines are being 
implemented in digital mathematics libraries, reference databases and specialized 
math-oriented web services. 

We shall give an overview of some of the systems mentioned above and tools with 
particular regard to their implementation in digital resources for information in math-
ematics. 
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2 Presenting and searching mathematical formula 

TEX [17], one of the most sophisticated digital typographical systems in the world 
(with its variants LATEX [20], AMS-LATEX [1] etc.), was designed to allow every-
body to produce high-quality prints, particularly of mathematical formulae, giving 
exactly the same results on all computers, at any point in time. However, while the 
possibility to write a formula in a non-unique way facilitates typesetting, it compli-
cates presentation on the web and in fact does not allow detecting the semantics with-
out the context. 

Much effort has been put into overcoming this by constructing specialized lan-
guages and systems. The mathematical markup language MathML [27], an applica-
tion of XML for describing mathematical notation and capturing both its structure and 
content, is now widely used for presentation of mathematical formulae on the web. 
The system OpenMath [6, 35] was designed to represent the semantics of mathemati-
cal objects. Both standards can be considered complementary in the sense that 
MathML provides a presentation format for mathematical objects, while OpenMath 
provides a mechanism for describing the semantics of mathematical symbols.  

Mizar [30, 16] is a representation format for mathematics and a formal system for 
completing and verifying proofs written in the Mizar language. It operates on the 
Mizar Mathematical Library [30], which is one of the largest libraries of formalized 
and mechanically verified mathematics. It is harder to specify for machine manipula-
tion. There is a translation of the Mizar library into the Open Mathematical Docu-
ments format [16], a semantic markup format for mathematical documents based on 
XML representation allowing to write down the meaning of texts about mathematics. 

The search engines EgoMath [9] and LATEXSearch [22] can search for mathemat-
ical formulae written in LaTeX and simple text providing a list of matched documents 
and snippets with highlighted matched terms. The search back-end of the former one 
is based on the Apache Solr search platform while the indexer and the front-end are 
standalone applications.  

In the Digital Library of Mathematical Functions [8, 29], an online project at the 
National Institute of Standards and Technology for developing a major resource of 
mathematical reference data for special functions and their applications, mathematical 
formulae are converted to text and indexed. The search string is similar to LATEX 
commands and is converted to string before searching. The modified representation 
corresponds to the content markup in the sense of MathML or OpenMath. A similar 
approach is applied in the intelligent tutoring system ActiveMath [23].  

The LaTeXML system [21] is being developed in the Digital Library of Mathemat-
ical Functions project to transform LaTeX sources into content and presentation 
MathML. In [12] an extension, the LaTeXML Daemon allowing efficient, scalable 
and on-the-fly processing is presented. Its strength was demonstrated by converting 
1.5 million abstracts from the zbMATH database [39].  

MathWebSearch [19, 13, 18] is a content-based full-text search engine that indexes 
MathML formulae, using a technique derived from automated theorem proving. It 
combines exact formula matching with the full text search capabilities of Elas-
ticSearch [10] for searching in mathematical texts. MathWebSearch consists of three 
system components: a set of web crawlers that periodically scan the web, identify, and 
download suitable mathematical data, a search server encapsulating the index, and a 
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web server communicating the results to the user. The search engine can be employed 
by various front-ends like TeMaSearch (combined text and math search for the 
zbMATH database), zbMATH Search (content-oriented search engine for the formu-
lae in the 3.3 million reviews and abstracts in zbMATH), XLSearch (search engine 
for spreadsheet formulae), SentidoSearch (multi-format input front-end for search 
queries based on the Sentido system).  

MaTeSearch [2] is a new type of search engine, which can handle a mathematical 
query and a text query at the same time. It is built on top of MathWebSearch and of 
the text-based search engine Nutch [4] built on the open-source Lucene architecture 
[3]. MaTeSearch connects to these components in order to obtain two different sets of 
results which are merged by intersection. 

The Math Search Engine [14], like MathWebSearch, is using the structure of math-
ematical formulae. It makes inverted indexes by using the formula described in 
MathML language or in OpenMath.  

WebMIaS [24] allows the retrieval of mathematical expressions written in TEX or 
MathML converting TeX queries on-the-fly into tree representations of presentation 
MathML, which is used for indexing. The queries can be composed of plain text and 
mathematical formulae. WebMIaS uses the math aware search engine MIaS [37] 
based on the state-of-the-art system Lucene. MIaS implements proximity math index-
ing with a subformula similarity search. 

3 Implementation in Mathematical Text Repositories 

3.1 zbMATH Database 

Zentralblatt MATH (zbMATH) [39] is the world’s most comprehensive and longest-
running abstracting and reviewing service in pure and applied mathematics. It pro-
vides easy access to bibliographic data, reviews and abstracts of more than 3 million 
mathematical scholarly texts published since 1868. The database zbMATH contains 
about 1,650,000 direct links to electronic versions of the indexed publications, to the 
publishers’ websites and/or to electronic libraries with open access to the full texts. 

The structured search in zbMATH allows for free combination of different query 
types including the formula search based on the MathWebSearch system. MathML is 
a recommendation of the W3C math working group and part of HTML5. The retrieval 
system is now based on HTML5, allowing a quick and correct display of mathemati-
cal formulae in MathML for almost all modern web browsers. For older browsers 
MathJax [26] is used, a cross-browser JavaScript library released before HTML5, that 
displays mathematical notation in web browsers using MathML and LaTeX. 

3.2 Mathematical Reviews and MathSciNet 

Mathematical Reviews [25] is a reference journal published by the American Mathe-
matical Society since 1940. Like zbMATH, it contains bibliografic data and brief 
synopses of scholarly mathematical publications. MathSciNet [28], the electronic 
version of Mathematical Reviews, presents a fully searchable database with many 
tools designed to help navigating the mathematical sciences literature, including: re-
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views written by a community of experts, bibliographic listings dating back to the 
early 1800s, links to articles, journals, and publishers, linked reference lists, citation 
information on articles, books, and journals. MathSciNet also offers citation search-
ing, by author or by journal. Search through mathematical formulae is not implement-
ed. 

MR Lookup provides bibliographic matching in the Mathematical Reviews data-
base. It uses any of the following fields: ISSN, Journal, Author, Volume, Issue, Page, 
Year and/or Title. An interactive version [32] allows user to enter data in fields and 
receive up to three items that match their data. Users may add more information to 
their search if too many items are returned. If no items are returned they may reduce 
or modify the data. 

Batch MR Lookup is intended for those who use a script to assemble bibliographic 
data for queries and process the results from MR Lookup. The Batch MR Lookup 
Query API includes 11 fields: ISSN, Journal title or abbreviation, Author name(s), 
Volume number, Issue ID number, Initial Page number, Year, Resource type, User 
supplied key, Identifier (Mathematical Reviews Number), and Item title. 

MRef [31] is a tool for creating standard references with links to MathSciNet. The 
user enters the reference (often a portion of the reference is sufficient) for MRef to 
recognize the corresponding entry in MathSciNet. 

3.3 EuDML – the European Digital Mathematics Library 

The EuDML [11] is a system that provides a common framework, standards and ser-
vices for unified seamless access to the distributed heterogeneous local digital reposi-
tories containing relevant mathematical literature published in Europe including peri-
odicals, selected monographs and conference proceedings from the past as well as the 
currently produced mathematical publications. It was built in a project of 13 partners 
from 9 European countries partly supported by the EU [38]. Among the partners are 
the Bulgarian Digital Mathematical Library (BulDML) [5] and the Czech Digital 
Mathematical Library (DML-CZ) [7]. Both preserve national heritage in mathematics 
and offer free access to it,, provide their content to the EuDML and meet the require-
ments and standards for compliance and interoperability that have been developed in 
the project.  

The numerous services provided to users by the EuDML comprise the structured 
search including formula search based on the MIaS system.  

In EuDML a tool for working with formulae was created. A valid XML file that 
can contain mathematical formulae both as textual TEX formulae, within the text data 
of various elements, or formatted as elements with its internal EuDML DTD struc-
ture, containing a TEX-encoded version of the formula is analyzed. The result is a 
MathML representation of the formula. The tool written in Java identifies each formu-
la in the input string, generates a standard NLM structure [33] for each of them, and 
returns a Java DOM Element containing the result. 

LaTeX formulae in queries are converted on the fly to MathML and checked 
against a special index. Fuzzy matching and ranking is implemented in math search. 
Not only exact matches are found but also proximity subformulae matches are count-
ed (with lower hit ranking).  
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The content in EuDML comes from different sources. Also the queries can be writ-
ten in LaTeX as well as directly copy-pasted MathML. These different inputs pro-
duced by different converters and programmes can vary slightly in their notations. To 
make the searching more robust, math inputs from different sources are canonicalized 
to obtain one unified internal MathML representation. This representation does not 
suffer from MathML’s ambiguities and contains only information necessary to the 
formula’s meaning, which allows for higher probability of matching two equivalent 
formulae created in different ways. 

4 Conclusions 

The semantic search for mathematical formulae and other mathematical objects in 
digital documents represents a complex task which attracts the attention of mathema-
ticians, computer scientists and developers. The recent progress made in this domain 
allows partial yet useful implementation of the corresponding tools in digital mathe-
matics libraries and databases of mathematical knowledge. The fully satisfactory solu-
tion presents a challenge which will require much further research and concerted ef-
fort from scientists and developers. 
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