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Classification of MathML Formulas Using Multilayer Perceptron
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Abstract: MathML (Mathematical Markup Language) consists of two sets of elements: Presentation
Markup and Content Markup. The former is more widely used to display math formulas in Web pages,
while the latter is more suited to the calculation of math formulas. In general, a math formula in Presenta-
tion Markup cannot be uniquely converted into the corresponding formula in Content Markup. For a given
math formula, if the class that the formula belongs to can be identified automatically, such conversions can be
done more appropriately. Moreover, identifying the class of a given math formula is useful for text-to-speech
of math formula. In this paper, we propose a method for classifying math formulas in Presentation Markup
by using multilayer perceptron. Experimental results show that our method classifies math formulas with
high accuracy.
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Fig. 1 MathML formula before conversion

2 MathML

Fig. 2 Tree structure of MathML formula before conversion
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3 MathML

Fig. 3 Binary tree of MathML formula
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4 3 Binary Branch

Fig. 4 Binary Branch of Figure 3

2.2 Binary Branch

u, v1, v2(∈ N) v1 u

〈u, v1〉l ∈ El v2 u 〈u, v2〉l ∈ Er

B(T ) u Binary Branch

BiB(u) = (Nu, Eul
, Eur , Root(Tu))

• Nu = {u, u1, u2}
• Eul

= {〈u, u1〉l}
• Eur = {〈u, u2〉r}
• Root(Tu) = u

4 3 Binary Branch

1 4 Binary Branch Vector

Table 1 Binary Branch Vector of Figure 4

Binary Branch

math mfrac ε 1

mfrac mn mo 1

mn 1 mi 1

1 ε ε 1

mi x ε 1

x ε ε 1

mo + mn 1

+ ε ε 1

mn 3 ε 1

3 ε ε 1

2 5 Binary Branch Vector

Table 2 Binary Branch Vector of Figure 5

Binary Branch

math mfrac ε 1

mfrac mn mo 1

mn ε mi 1

mi x ε 1

x ε ε 1

mo + mn 1

+ ε ε 1

mn ε ε 1
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Fig. 5 Complete binary tree of MathML formula after deletion

of numerical value

3. MathML
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Fig. 6 Mulutilayer perceptron
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4.

Keras Python

OS Ubuntu 14.04 (64bit)

CPU Intel Xeon CPU E5-1620 3.50GHz

32GB

GPU NVIDIA Tesla K40m
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3 Kim [2] MathML

Table 3 Features of MathML formula
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<math xmlns=’http://www.w3.org/1998/Math/MathML’ ...>

<semantics>

<mrow>

<msqrt>

<mi> z </mi>

</msqrt>

...

</mrow>

<annotation-xml encoding=’MathML-Content’>

<apply>...</apply>

</annotation-xml>

</semantics>

</math>

7 Content Markup

Fig. 7 Embedded Content Markup

4

Table 4 Class name and number of MathML formula

Elementary Functions 61,454

Constants 735

Bessel-Type Functions 5,583

Integer Functions 1,966

Polynomials 2,372

Gamma, Beta, Erf 5,009

Hypergeometric Functions 218,241

Elliptic Integrals 1,236

Elliptic Functions 7,248

Zeta Functions & Polylogarithms 1,571

Mathieu & Spheroidal Functions 388

Complex Components 689

Number Theory Functions 904

Generalized Functions 280

307,676

SVM

Kim [2]

8,113 Binary Branch

Vector 2,184 Kim

[2] MathML
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Table 5 Accuracy of each method

99.2%

SVM(Linear, One-against-one) 94.4%

SVM(Linear, One-against-rest) 96.0%

SVM(RBF, One-against-one) 70.9%

SVM(RBF, One-against-rest) 71.0%

5.
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