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Abstract. We discuss a semantically annotated corpus of educational mathe-
matical texts in Russian. The objective of our research is to create a test collec-
tions for automatic formalization of educational mathematical documents. The 
corpus includes mathematical assertions extracted from educational math text-
books. We manually annotated each assertion as the formula representation in 
LaTeX and created the formalization of the formula in OpenMath. Symbols 
used in OpenMath representations are defined in OntoMathEdu, a new educa-
tional mathematical ontology. 
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1 Introduction 

Most of mathematical knowledge is currently recorded in the form of informal docu-
ments, consisting of natural language text mixed with formulas in presentation 
markup. The meaning of such documents is accessible to human readers, but not to 
machines. In order to this meaning can be machine-actionable, the documents have to 
be formalized and represented in a form that computers can act on. In practice, full 
formalization is not necessary, and in fact representation of same semantics only can 
be enough. This “flexiformalization” paves the way to intelligent mathematical 
knowledge management applications such as semantic search services, recommender 
systems, etc. [1, 2] 

We study the math assertions in math textbooks for secondary schools. Many of 
such assertions have the form of plain natural language text but not math statements 
on formal math language. Our objective is to create a translator of math assertions 
represented in the form of natural language text to formula representations. These 
representations we are planning to use in content markup. This development, in turn, 
requires training and test collections. 

In this paper we consider an experimental semantically annotated math corpus, that 
consists of math assertions extracted from educational math documents. Each asser-
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tion is manually annotated as the formula representation in LaTeX and later we create 
the formalization of this formula in OpenMath [3]. Symbols used in OpenMath repre-
sentations are defined in OntoMathEdu (https://github.com/CLLKazan/OntoMathEdu), 
a new educational mathematical ontology [4]. We believe that this ontology will serve 
as a Linked Open Data hub for mathematical education. Concepts of the ontology 
contain labels in English, Russian and Tatar and will be interlinked with the external 
lexical resources from the Linguistic Linked Open Data (LLOD) cloud [5], first of all, 
WordNet [6], BabelNet [7], RuThes Cloud [8] and Russian-Tatar Thesaurus [9].  

The rest of the paper is organized as follows. In Section 2, we briefly review some 
projects of building formal and informal mathematical corpora. In Sections 3 we de-
scribe the corpus and the process of its construction. In conclusion, we outline the 
directions of future work. 

2 Related Works 	

In this section we briefly describe informal, formal and parallel informal/formal 
mathematical corpora. 

Informal corpora. arXiv (https://arxiv.org/) is the largest informal mathematical 
corpus in the world. Its content is represented in LaTeX format. arXMLiv 
(https://kwarc.info/projects/arXMLiv/) [10] contains arXiv collection, automatically 
converted to XML, HTML 5 and Content MathML, and making it is more suitable for 
machine processing. 

Formal corpora. The Mizar Mathematical Library 
(http://mizar.uwb.edu.pl/library/) is the largest corpus of fully formalized mathemat-
ics. 

Parallel informal/formal corpora. One of the largest manually-created parallel 
informal/formal corpora is based on the Flyspeck Project. Flyspeck [11] 
(https://github.com/flyspeck/flyspeck) is a project, which gives a formal proof of the 
Kepler conjecture in the HOL Light proof assistant. This project is based on the in-
formal book [12] in LaTeX. Approximately 500 formal statements have been aligned 
with their informal counterparts. The corpus is available by a user-friendly wiki inter-
face [13]. 

In [14] Kaliszyk et al. lunched a project aimed at automatic translation of informal 
mathematical texts into formal ones on base of machine learning methods, trained on 
aligned informal/formal mathematical corpora. In the subsequent works they pesented 
several synthetic informal/formal corpora as well as translators trained on them. For 
example, in [15] they presented a neural network translator from informalized La-
TeX-written Mizar texts into the formal Mizar language. The training corpus has been 
generated by transformation of Mizar to natural language LaTeX text on the basis of 
the existed method developed for presenting the Mizar articles in the journal Formal-
ized Mathematics. In [16, 17] they presented a system for parsing ambiguous formu-
las from the Flyspeck project. The training informal/formal corpus has been con-
structed by ambiguation of formal statements from the HOL Light theorems in Fly-
speck. 
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The Formal Abstracts (https://formalabstracts.github.io/) is ongoing project, aiming 
at formalization of the main results of informal mathematical documents (for exam-
ple, formalization of the main theorem of a research paper). This formalization is also 
intended to be used in machine learning tasks. 

For our knowledge, there is not neither parallel informal/formal mathematical cor-
pus for Russian nor parallel educational mathematical corpus, so the development of 
such corpus is needed. 

3 Corpus description and construction 

The corpus is organized as a collection of records. Each record includes the following 
three fields: 

─ Russian sentence, extracted from educational textbooks. 
─ Formula representation of this statement in LaTeX format. 
─ Formalization of this formula in OpenMath format, where OntoMathEdu ontology is 

used as an OpenMath content dictionary. 

When building the corpus, the following tasks are successively solved. 

3.1 Natural language statements extraction 

At the first step, we manually extract Russian sentences from education textbooks. 
We use the secondary school geometry books for 7th–9th grades. The extracted 
statements are classified according to the following simple classification scheme: 

─ Class 1: Statements of equality 

a. with complex statement in the left part and simple right part (e.g. positive inte-
ger). Example: “The sum of the degree measures of two acute angles of a right 
triangle is 90°”. 

b. with comparison between equivalent components. Example: “The area of a rec-
tangle is equal to the product of its adjacent sides”. 

─ Class 2: Statements of inequality. Example: “Each side of a triangle is less than the 
sum of two other sides”. 

─ Class 3: Definitions of mutual arrangement (e.g. perpendicularity). Example: “The 
diagonals of a square are mutually perpendicular”. 

─ Class 4: Composite statements (several formulas in one statement provided with 
“AND” preposition). Example: “The middle line of a trapezoid is parallel to the its 
bases and equal to their half-sum”. 

─ Class 5: Conditional statements. Example:	“If the angle of one triangle is equal to 
the angle of another triangle, then the ratio of the area of one triangles to the area 
of another triangle is equal to the ratio of the product of the sides, enclosing equal 
angles of one triangle to the product of such sides of another triangle”. 
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3.2 Statements explication 

In the extracted statements, many concepts are mentioned only implicitly due to me-
tonymy, ellipsis, etc. For example, for the statement “The sum of the angles of a con-
vex n-gon is (n-2) × 180°” it is assumed that the units of measurement for angles are 
used in this sum, rather than the angles themselves. Therefore, in the second stage we 
explain implicit concepts in the extracted statements. Table 1 contains examples of 
original statements and their explanations. 

Table 1. Examples of statements explication 

Original (Russian) Explicated (Russian) Original (English) Explicated (English) 
Сумма углов выпук-
лого n-угольника 
равна (n-2) × 180° 

Сумма градусных 
мер углов выпукло-
го n-угольника 
равна (n-2) × 180° 

The sum of the angles 
of a convex n-gon is 
(n-2) × 180° 

The sum of the de-
gree measures of the 
angles of the convex 
n-gon is (n-2) × 180° 

Средняя линия тра-
пеции параллельна 
основаниям и равна 
их полусумме 

Средняя линия 
трапеции парал-
лельна её основа-
ниям и её длина 
равна полусумме 
длин оснований 

The middle line of the 
trapezoid is parallel to 
the bases and equal to 
their half-sum 

The middle line of 
the trapezoid is par-
allel to its bases and 
its length is equal to 
half the sum of the 
base lengths 

3.3 Concepts annotation 

At the third step, we annotate math concepts in the extracted statements. The concepts 
are annotated in terms of OntoMathEdu ontology. For example, the statement “The 
middle line of the trapezoid is parallel to the bases and equal to their half-sum” con-
tains the following classes of OntoMathEdu ontology: Middle line, Trapezoid, Base, 
etc. The tool for this annotation is represented at Fig. 1. 

 
Fig. 1. GUI of the concept annotation tool 
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3.4 Representation of statements as formulas 

At the next stage, we represent the statements as the formulas in LaTeX. Table 2 con-
tains examples of this representation as formula statements. 

Table 2. Examples of statements and its formula representation 

Statement 
(Russian) 

Formula representation 
(Russian) 

Statement 
(English) 

Formula representation 
(English) 

Сумма углов 
выпуклого n-
угольника равна 
(n-2) ×180° 

∠A1 + ∠A2 + … + ∠An = 
(n-2) ×180°, где А1…Аn – 
выпуклый n-угольник; 
∠A1, ∠A2, …, ∠An – углы 
выпуклого n-угольника 

The sum of the 
angles of a 
convex n-gon 
is (n-2) × 180°	

∠A1 + ∠A2 + ... + ∠An = 
(n-2) × 180°, where 
А1…Аn is a convex n-gon; 
∠A1, ∠A2, ..., ∠An are the 
angles of this convex n-gon	

Сумма двух 
острых углов 
прямоугольного 
треугольника 
равна 90° 

∠ABC + ∠BAC = 90°, где 
ABC – прямоугольный 
треугольник; ∠BCA – 
прямой угол 

The sum of the 
two acute 
angles of a 
right triangle 
is 90° 

∠ABC + ∠BAC = 90°, 
where ABC is a right trian-
gle; ∠BCA is a straight 
angle 

3.5 Formalization of the formulas in OpenMath 

At the final step, we formalize formulas in OpenMath format. We use OntoMathEdu 
ontology as a content dictionary in this formalization. 

4 Conclusion 

In this paper, we presented a semantically annotated corpus of educational math texts 
in Russian. The corpus consists of natural language statements, extracted from an 
educational textbook. Extracted statements were manually complemented by its rep-
resentation as LaTeX formulas and OpenMath formal representation. As a OpenMath 
content dictionary we used OntoMathEdu ontology. 

The corpus now is still on the development stage, so our immediate goal is to re-
lease the first working version. 

After that we are going to adopt it in the development of the components of a new 
digital educational platform, which is intended for solving such tasks as automatic 
knowledge testing; automatic recommendation of educational materials according to 
an individual study plan; and semantic annotation of educational materials. In particu-
lar, the corpus is intended to be used for training an automatic translator from Russian 
educational documents to its formal representation, as well as a test collection for an 
ontology-based mathematical information extraction tool. Also, the corpus can be 
used to verbalize a formal mathematical document as a natural language text in Rus-
sian. Additionally, we are going to use it for enrichment of OntoMathEdu ontology. 

The corpus will be published at the Linked Open Data (LOD) cloud. 
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