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Abstract. People cannot use a text search to find mathematical expres-
sions because expressions cannot be replaced with words. Our research
uses an ordinary text search and presents appropriate mathematical ex-
pression images (hereinafter called math-images) for input keywords.
First we classify a set of the top ranking images from all the images
in HTML files by scoring them. We focus on three viewpoints that are
unique to mathematical expression images and mark the images by using
these viewpoints. Then by adding bonus points to these marked images,
the best three images are chosen from the set and presented with an ex-
planation of the keyword and the surrounding information in the HTML
files. We conducted two experiments to optimize the parameters of the
expression giving the mark and to evaluate the effect of the bonus points.
The rate of the average correct images of the best three was 79.5%.
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1 Introduction

For such fields as science, technology, or economics, searching for mathematical
expressions is necessary because these concepts are explained using expressions.
However, mathematical information retrieval is difficult. Since expressions are
not annotated by names, we cannot search for them by names; we cannot use a
text search.

Our research uses an ordinary text search given a mathematical term as a
keyword and presents appropriate math-images for an input keyword. We focus
on the viewpoints where important math-images are on a separate line in a
document, and many of these images have unique feature quantities. Adding
another viewpoint where these important images often have a keyword around
them to the viewpoints, we obtain a set of the top ranking math-images. Focusing
on one more viewpoint where important information often appears in the first
part of a document, we obtain the best three math-images from a set of the
top rankings. Our experiment result showed that at least two of the best three
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math-images were correct images. To support mathematics understanding, the
best three images are shown on a screen display with keyword explanations and
the surrounding information in HTML files.

2 Approach

2.1 Mathematical Expression

General ways of writing mathematical expressions on the web use pdfs, images
embedded in a HTML file, or MathML based on XML. The following is the
writing style for mathematical expressions in a document. (a) A variable, a sign,
or an additional expression is on a line and is expressed with math notation
instead of characters because the mathematical font is special. (b) An important
theorem or a formula is on a separate line, even though it is in a sentence. (c)
Connected by equal signs, a mathematical expression is too long from which a
theorem is derived or a calculation example is shown.

2.2 Method

In the following steps, we explain Fig.1.
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Fig. 1. Overview

(1) Obtain images: When the HTML files of a mathematical term are given,
we obtain the images and extract the following image information: the file size,
the number of width pixels, and the number of height pixels. When there is no
text between the images, they are concatenated and considered as one.

(2) Determine images on a separate line: When an image satisfies the
following two conditions, it is defined as being on a separate line: (a) An image
tag to which the image belongs has no text before or after it. (b) The image
tag has tags that denote a new line before and after, such as <br>, <p>, <tr>,
</br>, </p>, </tr>.

(3) Determine candidate images by SVM: We determine whether an
image is a candidate by Support Vector Machines (SVM). The features given to
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the SVM are file size, the number of width pixels, the number of height pixels,
the density, and the aspect ratio.

(4) Determine images having a keyword: We search for the closest image
to a keyword as the window size that is set from -80 to +80 Japanese characters
surrounding the keyword. If it exists, the image is defined as having a keyword.
However, if an image and a keyword appear in the same sentence, it is preferen-
tially defined as having a keyword.

(5) Give marks to images: Each image is given a mark using (2) to (4)
and ranked in descending order of points. Fig. 2 shows an example of the top
ranking images when the keyword is “spherical harmonics”. The first two images
are incorrect and the others are correct.
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Fig. 2. Example of top ranking images for keyword: spherical harmonics

Keyword Spherical harmonics

! Wikipedia entry

Outline Spherical harmonics from “ja.wikipedia.org/wiki/Spherical_harmonics”

The spherical harmonics are the angular portion of the solution to Laplace’s equation in spherical coordinates.

Mathematical expressions related to spherical harmonics

From Spherical harmonics - Wikipedia

Spherical harmonics v/" (0, ¢) are the functions expressed by the following equation:

Y7 (6,6) = (,l)wﬂmwzJ 21;; 1 8 = “:“)); P (cosd) e ]

Correct where /is a non-negative integer and m is an integer in-1<m <1.

images

From Spherical harmonics - szksrv
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where /=0,1,2,3,---.

Fig. 3. Screen display example of keyword: spherical harmonics
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(6) Give bonus points to images: In Fig. 2, the first two happen to
be incorrect, because their order is affected by the ranking of the original web
pages. This order is not useful when we choose the best three or five from the
top ranked images. To solve this problem, we propose a bonus point system
where the important information on a keyword often appears in the first part of
a document. This system gives an additional point to an image when it obtains
the highest marks in the order of the appearance in the HTML file. Then the
possibility increases that the actually correct image in each HTML file rises to
the higher position in the set of the top rankings.

(7) Present image: Fig. 3 shows a screen display example that has all
correct images (The third image is omitted). At the top, the display shows
the outline extracted from the first paragraph of Wikipedia that matches the
keyword. Below it, the display shows the best three images with the information
around them in the HTML files. Adding the surrounding information provides
clearer explanation about the images.

3 Experiment

3.1 Dataset

We extracted 16 keywords from the science and engineering web syllabi of Osaka
City University and obtained the top five HTML files for each keyword using
a text search in Experiment 1. We added five keywords in Experiment 2, for a
total of 105 web pages and 3,262 images. These images were judged manually
and SVM used eight keyword search results as training data. In Experiment 1,
the remaining eight keyword search results were evaluation data. In Experiment
2, 13 keyword search results including additional five keyword search results were
evaluation data.

3.2 Experiment 1

To give marks to the images, we developed Expression (1), where points is the
acquisition mark, image is the math-image, and «ay, is the weights. When £ = 1,
an image in a separate line is correct; when k = 2, an image determined to be
correct by SVM is correct; when k = 3, an image with a keyword is correct. The
aim of this experiment is to optimize the values of «y and d3(image) when an

image is incorrect.
3

points = Z adr(image) (1)
i=1
When k£ =1,2 When k£ =3
1 (4 : . 1 image : correct
5 (image) = (Lvmage ?orrect) 81 (image) = ( g e )
—1 (image : incorrect) —1 or 0 (image : incorrect)

First, to determine -1 or 0 of d5(image), two sets were created by fixing each
ar = 1. One had -1 as its §3 value and the other had 0, and then the top ranking
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images were compared using precision, recall, and F-measure. From Figs. 4 (1)
and (2), we adopted 0. Next, to determine the ay, values, four sets were created.
The first had oy = ap = a3 = 1 as its condition and the second to the fourth
had conditions where only one value of each ) was 2 and the others were 1.
Then we compared these sets using F-measure. In Figs. 4 (2) to (5), since (2) is
the highest, we adopted o = a3 = a3 = 1.
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Fig. 4. Results of Experiment 1

3.3 Experiment 2
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(a)

(b)

1. Ampere’s rule 2. Euler’s formula
6. Cauchy’s integral theorem 7. Schrodinger equation
11. Gamma function 12. Green’s theorem

Keyword List:
3. Gauss’ law
8. Navier-Stokes equation
13. Taylor-Hamilton theorem

4. Dirac delta function

14. Average

5. Spherical harmonics

9. Euler-Maclaurin formula  10. Divergence theorem

Fig. 5. Comparison of adding and not adding bonus points
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Expression (1) was fixed to points = Z?:1 0 (image) and d3(image) = 0 when
the image is incorrect. Using this expression, we examined the validity of our
bonus point system. In Fig. 5, adding bonus points was basically better than
not adding them. Especially in Fig. 5 (a), the number of correct images of the
third keyword, “Gauss’ law”, rose to 2 from 0. The rates of the average correct
images showed that the bonus point system was effective, and since the rate of
the average correct images of the best three exceeded the rate of the best five,
we adopted the best three to which bonus points were added.

4 Related work

Even though various methods have addressed mathematical information retrieval
[1], they are searching for math notations with similar structure or semantics for a
given expression. Among those methods, content-based image retrieval (CBIR)
inputs a digital image to search for similar images [2], and instead of using
images, others use MathML [3] or LaTeX [4].

This paper’s approach is quite different. Focusing on the unique features of
mathematical expressions and math-images led us to use text information. Even
people who are unfamiliar with handling MathML or LaTeX can use our method.

5 Conclusions

We proposed a method to present math-images with the information around
them in the HTML files. Our method uses an ordinary text search that inputs
a mathematical term as a keyword. To obtain the best three math-images, we
developed Expression (1) and optimized its parameters. Our results showed that
at least two of the best three were correct, and the rate of the average correct
images of the best three was 79.5%. Then using these three images, we showed
a screen display with an explanation of the keyword and information about the
images to support mathematics understanding.
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