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The new OpenType MATH font table contains important information
that can be used to correctly and uniformly render mathematical con-
tent (e.g., mathematical formulae, equations, etc.). Until now, all sys-
tems in order to render XML encoded mathematical content employed
some standard algorithms together with some standard sets of TrueType
and/or Type 1 fonts, which contained the necessary glyphs. Unfortu-
nately, this approach does not produce uniform results because certain
parameters (e.g., the thickness of the fraction line, the scale factor of
superscripts/subscripts, etc.) are system-dependant, that is, their exact
values will depend on the particular setup of a given system. Fortunately,
the new OpenType MATH table can be used to remedy this situation. In
particular, by extending renderers so as to be able to render mathemat-
ical contents with user-specified fonts, the result will be uniform across
systems and platforms. In other words, the proposed technology would
allow mathematical content to be rendered the same way ordinary text
is rendered across platforms and systems.

1 Introduction

The OpenType font format is a new cross-platform font file format developed
jointly by Adobe and Microsoft. OpenType fonts may contain glyphs with ei-
ther cubic Bézier splines (used in PostScript fonts) or with quadratic Bézier
splines (used in TrueType fonts). In other words, it is an extension of both
PostScript and TrueType font technologies. An OpenType font may contain
up to 1.114.112 different glyphs with code points in the range 0–10FFFF16,
thus, it can accommodate glyphs for the characters defined in the latest edi-
tion of the Unicode standard [1]. However, what makes OpenType fonts really
more interesting than TrueType fonts is their support of a great number of



i
i

“eutypon24-25” — 2011/1/21 — 8:58 — page 12 — #16 i
i

i
i

i
i

12 A. Syropoulos

layout features, which provide richer linguistic support, and advanced typo-
graphic control. For example, the Unicode standard does define some simple
typographic ligatures, but one has to enter the corresponding Unicode char-
acter with some system-dependant method in order to access these symbols
when using TrueType font technology. On the other hand, when using Open-
Type fonts it can be defined in a particular advanced typographic table that if
the character “f” is followed by the characater “i,” then they should be replaced
by the ligature character “fi.” In fact, there is provision for a great number of
such tables that can be defined to handle even the most exotic typographic
needs. Naturally, as OpenType font technology is gradually becoming the in-
dustry’s de facto standard, this will affect the quality of the appearance of any
kind of document including HTML pages, text files, etc. Since OpenType font
technology is an almost ubiquitous technology, it is obvious that information
rendering techniques previously available only to users of sophisticated elec-
tronic typesetting software are now available to almost any computer or, even,
mobile phone user.

Admittedly, automatic rendering of mathematical content is a really diffi-
cult task. In most cases, mathematical content is specified in some notation
(e.g., MathML [2], TEX/LATEX [3, 4]) and then some tool renders the content
using glyphs from some font and some glyph positioning technologies. The real
problem with this approach is that each rendering engine usually adopts its
own set of fonts and/or its own glyph positioning technologies. Consequently,
the same mathematical content will be rendered differently when using differ-
ent rendering technologies. Clearly, in this scenario the fonts provide only the
glyphs that are used to render the content. Unfortunately, the rôle of fonts in
this rendering process is rather passive. However, it seems that if fonts had
a more active rôle in the rendering process, then the result would be at least
similar in most cases. But, how exactly would the fonts get a more active rôle
in this process? One could imagine that if fonts include a number of key pa-
rameters that define the appearance of the mathematical content, this goal
would be easily achieved. For example, if a font specifies the thickness of the
fraction rule or the scale factor for subscripts, superscripts, sub-subscripts, and
super-superscripts, etc., then obviously such a font could ensure similar results
for different rendering engines. Indeed, ideas like these were the basis for the
development of the OpenType MATH table.

An OpenType MATH table, which is described in [5], provides information
necessary for mathematical content layout. In principle, mathematical content,
that is, formulas, equations, etc., is specified in some formalism used to describe
mathematical notation (e.g., MathML, Office Math Markup Language, or just
OMML,1 etc.) combined with an OpenType font, which includes a MATH table
and the necessary glyphs, can be used by an appropriate rendering engine to
visually represent the mathematical content. Unfortunately, this scenario is not
universal in the sense that not every rendering engine operates this way. For ex-

1See http://www.ecma-international.org/publications/standards/Ecma-376.htm for
details.
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ample, MathML rendering engines use glyphs from normal TrueType or Type 1
fonts and employ some system-dependant rendering strategy. Nevertheless, one
cannot be sure that different systems will produce identical or at least similar
results. Clearly, most systems make use of the algorithms and techniques that
have been invented by Donald E. Knuth and implemented in his legendary TEX
system, but this is definitely not enough to ensure uniform results that are of
really high quality. Thus, the notation that is used to describe mathematical
content should also specify the font to be used to render the content, provided
the font includes the required features to correctly render mathematical con-
tent. Naturally, most notations provide the necessary structures for this, but
they are in general used to describe the various aesthetic or stylistic parameters
of the font to be used (e.g., whether it should be slanted, monospaced, etc.),
but, for example, not how thick the fraction line should be. These parameters
are the job of the renderer. It is obvious that this is not an ideal situation and
the new OpenType technology can help to remedy this problem.

Plan of the paper In what follows I present the OpenType MATH table in
more detail and then describe how it was realized in the case of the Asana Math
OpenType font. Next, there is a discussion of how I envisage a new rendering
technology for mathematical content. The paper ends with the customary con-
clusions section.

2 The OpenType MATH Table in Detail

The OpenType MATH table contains among others information that are used
to place or adjust elements of math formulas. Numeric values are always ex-
pressed in font design units. In particular, each MATH table may include the
following subtables:

MATHConstants Table This table is used to define various parameters that
are required to properly position elements of mathematical formulae. For
example, this table may contain information regarding the positioning of
superscripts and of subscripts, the positioning of elements of fractions,
etc.

MathGlyphInfo Table In this table one can specify positioning information
for glyphs for which the general positioning information are not applica-
ble.

MathItalicsCorrectionInfo Table Many of the “Mathematical Alphanu-
meric Symbols” of Unicode (i.e., symbols with code numbers in the range
1D400–1D7FF) are slanted characters. In this table one specifies the italic
correction for each glyph that corresponds to these characters and for any
other glyph that may require the definition of such a value.
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MathTopAccentAttachment Table When the default placement of math
accents over certain glyphs is not satisfactory, one can specify in this
table where exactly math accents should be placed for each glyph. Note
that the information stored in this subtable are very similar to mark-
to-base information in the Glyph Positioning table (GPOS)2 except that
here alignment only happens in the horizontal direction; also, the vertical
positions of accents are determined in a different way.

ExtendedShapeCoverage Table Here one declares those symbols that have
very tall variants, which are necessary for the correct rendering of mathe-
matical content. For example, such symbols are the various “parentheses”
in the following equation:

MathKern Table The MathKern table contains adjustments to horizontal
positions of subscripts and superscripts. In practice, this table should be
used to improve spacing for combinations such as the following one:

.

MathVariants Table In many cases, a renderer when setting mathematical
content needs variants of a particular symbol having a certain width or
height. This table solves this problem either by selecting a variant glyph
with the required properties or by constructing the required glyph by
putting several glyphs together. For example, in what follows one can see
the glyphs that have to be used to construct an upper horizontal brace:

MathGlyphConstruction Table This table contains all the necessary in-
formation for finding or assembling extended variants for one particular
glyph. In addition, it can be used for shapes that grow in both horizontal
and vertical directions.

GlyphAssembly Table In this table one may specify how the shape for a
particular glyph can be constructed from parts that are included in the
set of glyphs of the font being defined. Also, one can specify here the italic
correction of the resulting construction, if this seems to be necessary (this
is particularly useful for integrals).

2A table that provides “precise control over glyph placement for sophisticated text layout
and rendering” (see http://www.microsoft.com/typography/otspec/GPOS.htm).
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In addition, each OpenType font that includes a MATH table should include
some new OpenType features, which have been designed to allow access to
particular glyph variants. In particular, with the “ssty” feature it is possible
to use special forms of letters and digits as superscripts, subscripts, super-
superspirts, sub-subscripts. With the “dtls” feature one can define the dotless
forms of the various forms of the letters “i” and “j.” And the “flac” should be
defined if there are specially flattened forms of accents symbols that are used
over capitals, etc.

Each OpenType font designed for typesetting mathematical contents should
contain a number of complete alphabets, which are specified in the Unicode
standard. For example, a font should include san serif Latin and Greek alpha-
bets, Script Latin alphabets, etc. Clearly, in certain cases the font designers
may want to provide alternatives to a particular alphabet. For example, in-
stead of the script style represented by the “B” on the left side of the figure
below, one may opt to use the script style represented by the “B” on the right
side of the figure below:

Naturally, one can use standard OpenType features to provide this functionality
(e.g., the salt feature is ideal for this case), nevertheless, it would be far better
to include specially designed features for cases like this.

As of this writing there are very few OpenType fonts that include a MATH
table. In particular, these fonts are: Cambria Math, which is distributed with
the Windows Vista operating system, Asana Math, which has been created by
this author and is partially derived form earlier work by Young Ryu, and the
STIX fonts (see http://www.stixfonts.org/ for more information).

3 The Asana Math OpenType Font

Creating OpenType fonts with support for rendering mathematical content is
not a easy task. On the contrary, the development of such fonts is a multistage
task. First of all, one needs to design the glyphs and/or use glyphs from existing
fonts. Naturally, in the later case one should release the font with a license that
is similar to the license the original font was released with (e.g., such a license
is the Open Font License). In the next stage, one has to build the MATH table
and alongside it is quite possible that she may need to create sets of alternative
glyphs (i.e., taller or wider versions of certain glyphs like the integral symbol).
After this, one has to build a number of OpenType tables that will handle the
various typographic features provided by the font. In the end, one needs to test
the font. After some initial testing, the best strategy is to release the font as
beta software and let users find errors. This way one can be sure that even the
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most obscure problems will be revealed. After all (!) errors have been fixed, one
is ready to release the font.

The Asana Math OpenType font is a project to create a new OpenType
font that can be used to typeset mathematical content with any system that
understands the OpenType MATH table (currently, only Microsoft’s Word 2007
and Jonathan Kew’s X ETEX [6] provide incomplete support for OpenType fonts
with MATH tables). The font is based on Young Ryu’s pxfonts font collection
and it was constructed with George William’s excellent open source FontForge
font editor. In particular, the font includes many glyphs from the pxfonts font
collection, but also many new glyphs have been constructed using existing
glyphs or parts of existing glyphs. In addition, a good number of glyphs have
been designed from scratch by the author of this paper. Once the basic glyphs
were there, the OpenType MATH table had to be constructed. Intially, I used
Sergey Malkin’s MathFont visual editor to set some basic parameters. The last
part of the developmnet process was done using FontForge on an OpenSolaris
box. The font was released with the Open Font License as beta software with
through the Open Font Library and through the Comprehensive TEX Archive
Network.

The font includes Unicode’s letter-like symbols, mathematical alphanumeric
symbols, arrows, supplemental arrows-A, supplemental arrows-B, mathemati-
cal operators, supplemental mathematical operators, miscellaneous mathemat-
ical symbols-A, miscellaneous mathematical symbols-B, superscripts and sub-
scripts, and some from the miscellaneous technical and the ancient Greek num-
bers. Currently, the font contains approximately 3200 glyphs, which include
alternative mathematical script alphabets, wide or long variants of certain
characters, specialy designed letters suitable for use as superscripts and/or
subscripts, and alternative numerals.

4 MathML and OpenType Fonts

Instead of providing a general discussion, it is far better to explain how a
particular XML-based technology can be modified to be able to make use of
OpenType fonts with MATH tables. And of course the natural choice for this
is MathML. As is noted in the MathML Web page:

MathML is intended to facilitate the use and re-use of mathemat-
ical and scientific content on the Web, and for other applications
such as computer algebra systems, print typesetting, and voice syn-
thesis. MathML can be used to encode both the presentation of
mathematical notation for high-quality visual display, and mathe-
matical content, for applications where the semantics plays more of
a key role such as scientific software or voice synthesis.

Nevertheless, the visual representation (rendering, typesetting, etc.) of
mathematical content when it is encoded in MathML is problematic in general.
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<math display="block">

<munderover>

<mo>&#x0222B;</mo>

<mrow>

<mo>&#x02212;</mo>

<mo>&#x0221E;</mo>

</mrow>

<mrow>

<mo>&#x0002B;</mo>

<mo>&#x0221E;</mo>

</mrow>

</munderover>

<mo>cos</mo>

<mi>x</mi>

<mrow>

<mo>d</mo>

</mrow>

<mi>x</mi>

</math>

tex2mathml output.

      
∫
−∞

∞

cos x d x

StarOffice output.

Figure 1: Mathematical content as described with MathML and two different
renderings of the same content.

Figure 2: On the left side the original Firefox output and on the right side the
output produced after removing the various Symbol fonts from the system.

cos 𝑥 d𝑥
X ETEX output Word 2007 output.

Figure 3: X ETEX and Word2007 output using the same OpenType font.
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The examples shown in Figures 1 and 2 illustrate exactly this claim. In this
particular case, the same encoding is represented visually differently by differ-
ent systems. Obviously, this is quite common (e.g., think of HTML and how it
rendered by various browsers). However, such problems start when different sys-
tems realize the same feature in different and, in may cases, incompatible ways.
Figure 2 shows yet another problem—some systems cannot produce decent out-
put even when they are fed with correct input, which, again, is quite common
but clearly unacceptable. In addition, Figure 2 shows yet another problem—
some renderers use by default some fonts (here any font named “Symbol”) and
as a result they yield wrong output. Clearly, the output becomes correct only
if one removes such fonts, but then not everybody is aware of this idiosyncrasy
of the renderer. Let us now compare these results with the output generated by
two different systems that faithfully implement the same standard. In particu-
lar, the author used Word 2007 and X ETEX to get the output shown in Figure 3.
Also, it is worth noting that in this specific example X ETEX was setup to use
the font metrics, as Word 2007 normally does, and not the individual glyph
metrics, something that is the norm when a TEX typesetting engine processes
TEX/LATEX markup. In different words, both X ETEX and Word 2007 used the
font in exactly the same way.

Although, both X ETEX and Word 2007 produce excellent output, it is worth
focusing on Word 2007 as this system uses XML syntax to represent mathe-
matical content. In fact, both Word 2007 and OpenOffice.org bundle up several
related XML documents into a zip file and save that. If one wants to work with
the raw XML, she has to uncompress the corresponding file. Once it is uncom-
pressed, when working with Word 2007 the document is found in a file named
document.xml while when working with OpenOffice.org the document is found
in a file named content.xml. In a typical document.xml file mathematical
content is surrounded by

<m:oMath> . . . </m:oMath>

Also, for each component of the mathematical content (e.g., numbers, symbols,
letters, etc.), the font that has to be used to render the content is explicitly
specified. For example, in the following XML fragment, which is used to rep-
resent information related to the upper limit of integration of the example
formula used throughout this paper, it is explicitly specified that the system
should use Cambria Math to render the content:

<m:sup>

<m:r>

<w:rPr>

<w:rFonts w:ascii="Cambria Math" w:hAnsi="Cambria Math"/>

<w:lang w:val="en-US"/>

</w:rPr>

<m:t>+∞</m:t>

</m:r>
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</m:sup>

Note that the file, which contains this XML fragment, is really “cluttered” with
useless information simply because this is an XML representation of an existing
binary file format. Thus, one can surely avoid this “cluttering” of information
in a clean XML application that is specifically designed for the representation
of mathematical content. On the other hand, this design shows how one could
incorporate the ability to specify the fonts that should be used to render the
content. So, let us see how one would modify MathML to provide the required
functionality.

The easiest way to modify the existing MathML syntax in order to allow
content creators to specify the font or the fonts that should be used to render
the content is to introduce a new tag. Such a tag should be used to specify
the name of a font, which would be used to render the specific part of the
content. In case this font, which should be an OpenType font with a MATH
table, is not available for any reason, then it is necessary to devise a fall-
back strategy. Obviously, in all other uses of the mathematical content, this
particular tag should be ignored. Also, MathML content without such a tag
should be rendered using the “default” system font. Although this approach
is straightforward, still it is not general enough—one should be free to specify
the font to be used to render any part of a formula. In addition, it should
be possible to enable any font feature available that might improve the final
result. For example, if a font includes an alternative script alphabet, then it
should be possible to use this alphabet. Moreover, one should not be forced
to make “total” decisions (e.g., which script alphabet should be used, etc.).
Consequently, it is necessary to enhance all major tags with optional attributes
by which one should be able to specify the font and features to be used. In case
no font is specified, it should be assumed that the feature refers to the font
of its parent tag. To make thinks clear let us give an example. The following
MathML code

<math display="block" xmlns="http://www.w3.org/1998/Math/MathML">

<mn>3</mn>

<mo>&#x0002B;</mo>

<mn>4</mn>

</math>

encodes the expression 3 + 4. If one would like to visually represent the whole
expression with Asana-Math, then the opening tag should have the following
form:

<math display="block" font="Asana-Math" . . .>

Now, such a choice should affect the way the whole content is rendered. In other
words, if one wants to use glyphs from different fonts, they should be used as if
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they were glyphs of the ”general” font, which means that the MATH table of
these sub-fonts will be completely ignored. In addition, if one wants to enable
the use of certain features, she could do that with a “features” attribute:

<math display="block" font="Asana-Math"

feature="ssty; dtls; salt" . . .>

Suppose that one prefers the renderer to use the plus sign of Cambria Math,
then this could be expressed as follows:

<mo font="Cambria Math">&#x0002B;</mo>

Naturally, if one prefers a sub-expression to be rendered with a different font,
then she could enable the use of features that this font supports. In general,
the mixining up of different fonts to render a single mathematical expression
should be discouraged since the result may not be aesthetically pleasant. For
example, some people may not like “fancy” glyph shapes, so they might be
tempted to abuse such a feature in order to use instead more “conservative”
glyph shapes. However, such a feature would be really useful if a font does not
contain a particular glyph.

Some valid MathML tags accept style parameters that affect the way con-
tent is rendered. For example, in the following MathML code fragment

<mfrak linethickness="1.5">2 3</mfrac>

it is specified that the fraction rule thickness should be equal to 1.5 units.
Obviously, when it has been specified that some content should be rendered
using an OpenType font with a MATH table, then the existence of a line-

thickness attribute complicates things. Nevertheless, a clean solution to this
problem is to completely ignore all these standard MathML attributes for the
shake of uniformity.

The solution that has been proposed is clean, but it demands that the
rewriting of the MathML syntax. A more MathML oriented solution would be
to allow the specification of a font by using the Cascading Style Sheets (CSS)
mechanism. For instance, here is how one could specify the font that should be
used to render some MathML-encoded mathematical content:

<math display="block" style="font:Asana-Math" . . .>

In order to avoid any further complications, one can assume that the OpenType
features ssty, dtls, and flac will be enabled by default. This way, there is no need
to alter the syntax at all. Naturally, this will make new versions of any renderer
backwards compatible with earlier versions of the same system. Having outlined
a possible extension of MathML, let us now see how this can be implemented.

Clearly, a renderer should be able to first read an OpenType MATH table
and then to use the various information stored in this table to render any
content. Reading an OpenType MATH table is straightforward. For example,
one could use file XeTeXOTMath.cpp from the X ETEX source tree as a basis



i
i

“eutypon24-25” — 2011/1/21 — 8:58 — page 21 — #25 i
i

i
i

i
i

Uniform Rendering of XML Encoded Mathematical Content 21

to create a reader. Of course, this is not enough as any OpenType MATH
table defines far more many parameters than ordinary parameters TEX uses
to typeset mathematical content. When there is readily available an internal
representation of all the parameters a MATH table may contain, it should
be easy to use these information to render mathematical content. After all, a
MATH table can be regarded as a form of cascading style sheets specifically
designed for mathematical content.

5 Conclusions

I have described in some detail the new OpenType MATH table, which was
specifically designed to facilitate the rendering of mathematical content. In ad-
dition, I described the basic characteristics of a freely-available OpenType font
that contains such a table. Based on the new potential provided by this exciting
new technology, I have outlined a modest extension of MathML so as to allow
the specification of the font(s) that should be used to render specific mathe-
matical content. The advantage of such a proposal is that the same content is
rendered identically by different systems. In differents words, the OpenType
MATH table can be used to “implement” the following motto: write once, ren-
der everywhere the same!

Acknowledgements

The author would like to thank Will Robertson, George Williams, Jonathan
Kew, Sergey Malkin, Murray Sargent, Karl Tomlinson and Georgios Georgiou
for their comments, suggestions, and help during the development of the Asana-
Math OpenType font. In addition, he would like to thank Karl Tomlinson for
carefully reading a draft of this paper and providing me with many valuable
comments and suggestions that helped me to see what my paper needs to
improve on.

This text was originally written in 2008. Nevertheless, the author felt that its
content was still useful two years later. The reader may forgive some outdated
references, etc.

References

[1] The Unicode Consortium. The Unicode 5.0 Standard. Addison–Wesley,
Reading, MA, USA, 5th edition, 2006.

[2] R. Ausbrooks, S. Buswell, D. Carlisle, S. Dalmas, S. Devitt, A. Diaz, M.
Froumentin, R. Hunter, P. Ion, M. Kohlhase, R. Miner, N. Poppelier, B.
Smith, N. Soiffer, R. Sutor and S. Watt. Mathematical Markup Language
(MathML) Version 2.0. Electronic document available from http://www.

w3.org/TR/2003/REC-MathML2-20031021, 21 October 2003.



i
i

“eutypon24-25” — 2011/1/21 — 8:58 — page 22 — #26 i
i

i
i

i
i

22 A. Syropoulos

[3] D. E. Knuth. The TEX book, volume A of Computers and Typesetting.
Addison–Wesley, Reading, MA, USA, 1993.

[4] A. Syropoulos, A. Tsolomitis and N. Sofroniou. Digital Typography Using
LATEX. Springer, New York, 2003.

[5] Microsoft Corporation. The MATH table and OpenType Features for Math
Processing. Privately circulated document (note: this specification will be
part of the upcoming OpenType Font Specification), 2007.

[6] J. Kew. X ETEX, the Multilingual Lion: TEX meets Unicode and smart font
technologies. TUGboat, 26(2):115–124, 2005.


