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Abstract

We introduce the software OConcise [8] for the semantic analysis of mathematical text.
OConcise combines the already existing concept of using grammar sheets for parsing nat-
ural mathematical language with the automatic formalization of the parsed text and the
verification of the mathematical proofs. In order to show that the software works we test
the system on a chapter of the mathematical book ” Universallogik” of W. NEUMAIER [13].

1 MOTIVATION. In the last decades, the computer has become more and more important
for the work of mathematicians. Tools like Mathematica [6] and Matlab [5] are used as a matter
of course, but there is rare use of proof assistants so far.

One reason could be that formal input requires text formalization, that is, if done manually,
time-consuming and also significantly increases the text volume [18]. Some proof assistants
accept an input in a controlled natural language, but such proof assistants require a different
language, one always has to learn this language to make use of it. Large language models can
be used with natural language, but they need a huge amount of data to be able to process the
input, and their answers are not necessarily true.

OConcise is designed to support mathematical writing without the risk of producing incorrect
information. In contrast to proof assistants, the input can be a normal ITEX file without special
annotations. The grammar of the text is passed in a separate type sheet that is explained in
Section 2.1. These type sheets can be collected and used again such that the system will grow
and understand more and more natural mathematical language.

2 THE FMATHL PROJECT. OConcise is part of the FMathL (Formal Mathematical
Language) project [11], whose goal is to create a mathematical assistant that helps mathe-
maticians with extracting information from literature, finding the important literature for their
work, checking proofs and giving advices for writing new papers. To achieve this goal it should
be able to:

1. read books and papers on mathematics and extract the knowledge contained in it
2. fill in gaps in a proofs and verify given results

3. communicate mathematical ideas and results between two systems

4. solve mathematical problems that are straightforward for a graduate student

For the first point the FMathL Type System [15], the dynamic generalized parser DynGenPar
[10] and Concise [4], a program that stores the data in a structured way, have been created.
OConcise enriches the system with the new capability of verifiying the proofs in a mathematical
text. It is therefore the next step towards a mathematical assistant.
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2.1 The FMathLL Type System. The semantic analysis in FMathL is based on a type
system, a structure defining a semantical text representation and its grammar. A so-called
type sheet tells the system how to interpret the text. Type sheets are created and extended
interactively. Parts of the text are categorised and ordered into a generalized context-free
grammar. A category contains the meaning of and the relationships between expressions. The
syntactical rules for combining these expressions are defined in input and output usages. The
input usage tells the system how the category should appear in the text being read, and the
output usage tells the system how the text should be written. The semantical information is
used for the automatic formalization. It is needed to avoid incorrect assignments or incorrect
manipulation of mathematical objects. For example, adding an integer to a vector should not
be accepted.

2.2 DynGenPar. The parser DynGenPar [10], developed as part of the FmathL project,
produces a parse tree from a text and an imported grammar. DynGenPar can read PMCFG
grammars [16] which is important for text written in natural language, which is usually not
context-free [14]. The problem of ambiguity is solved by showing the user the possible alterna-
tives.

2.3 Concise. Concise [4] was created by DOMES [3] and KOFLER [9] based on the theoretical
foundation of A. NEUMAIER [12]. It integrates the parser DynGenPar and the type sheets to
store the semantic information of a text into a graph. In the IDE the graph can be viewed
and manipulated by the user. It also provides a text view of the graph and limited automatic
writing of text files. Since Concise is not open source we decided to create the open source
version OConcise for the further development.

3 PROOF VERIFICATION. After collecting all the information of the text OConcise
tries to verify the proof steps. For the verification we use Vampire [1], a powerful automated
theorem prover that supports first order logic, arithmetic, induction and also higher order logic
[2]. JANOTA [7] investigated how much Vampire can automatically prove and disprove and got
a very good result.

To make the text readable for Vampire, the output of DynGenPar is transformed into the TPTP
format [17], an input format of Vampire. Vampire tries to prove a conjecture by negating it
and finding a contradiction. The result can be:

1. UNSAT: the conjecture is valid
2. SAT: the conjecture is not valid
3. TIME OVER: the answer is unknown

Vampire prints status messages until either a strategy succeeds or the time limit is reached.
Vampire uses the SZS standards for output by default and reports a human-readable proof. In
OConcise the information will be passed to the user.

4 PROOF OF CONCEPT. OcConcise is tested on a chapter of the book ”Universallogik”
by W. NEUMAIER [13]. The main purpose is to verify the proofs in the book by formalizing
the necessary axioms automatically and testing the proof steps with Vampire.
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