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1. Intr oducti on 
Getting computers to understand human languages is important in increasing 

the util ity of computers. Natural-language translation, speech recognition and gen-
eration, and programming are typical ways in which such machine comprehension 
plays a role.  The better  this comprehension, the more useful the computer , and 
hence there has been considerable current effor t devoted to these areas since the 
ear ly 1960s. Ironically one truly international human language that tends to be neg-
lected in this connection is mathematics itself. 

With a few conventions, Unicode1 can encode most mathematical expressions 
in readable near ly plain text. Technically this ÆÏÒÍÁÔ ÉÓ Á ȰÌÉÇÈÔÌÙ ÍÁÒËÅÄ ÕÐ ÆÏÒÍÁÔȱȠ 
ÈÅÎÃÅ ÔÈÅ ÕÓÅ ÏÆ ȰÎÅÁÒÌÙȱȢ The format is linear, but it can be displayed in built-up 
presentation form. To distinguish the two kinds of formats in this paper, we refer  to 
the near ly plain-text format as the linear format and to the built-up presentation 
format as the built -up format . This linear format can be used with heur istics based 
on the Unicode math properties to recognize mathematical expressions without the 
aid of explicit math-on/ off commands. The recognition ÉÓ ÆÁÃÉÌÉÔÁÔÅÄ ÂÙ 5ÎÉÃÏÄÅȭÓ 
strong support for mathematical symbols.2 Alternatively, the linear format can be 
ÕÓÅÄ ÉÎ ÍÁÔÈ ȰÚÏÎÅÓȱ ÅØÐÌÉÃÉÔÌÙ ÃÏÎÔÒÏÌÌÅÄ ÂÙ ÔÈÅ ÕÓÅÒ either  with on-off characters 
as used in TeX or  with a character format attr ibute in a r ich-text environment. Use of 
math zones is desirable, since the recognition heur istics are not infallible.  

The linear format is more compact and easy to read than [La]TeX,3,4 or 
MathML.5 However unlike those formats, ÉÔ ÄÏÅÓÎȭÔ attempt to include all typograph-
ical embellishments. Instead we feel iÔȭÓ ÕÓÅÆÕÌ ÔÏ ÈÁÎÄÌÅ some embellishments in 
the higher-level layer that handles r ich text properties like text and background col-
or , font size, footnotes, comments, hyper links, etc. In pr inciple one can extend the 
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notation to include the properties of the higher-level layer, but at the cost of re-
duced readability. Hence embedded in a r ich-text environment, the linear format 
can faithfully represent r ich mathematical text, whereas embedded in a plain-text 
environment it lacks most r ich-text properties and some mathematical typographi-
cal properties. The linear format is pr imar ily concerned with presentation, but it has 
some semantic features that might seem to be only content or iented, e.g., n-aryands 
and function-apply arguments (see Secs. 3.4 and 3.5) . These have been included to 
aid in displaying built-up functions with proper typography, but they also help inte-
roperate with math-or iented programs. 

Most mathematical expressions up through calculus can be represented unam-
biguously in the linear format, from which they can be exported to [La]TeX, MathML, 
C++, and symbolic manipulation programs. The linear format borrows notation from 
TeX for  mathematical objectÓ ÔÈÁÔ ÄÏÎȭÔ ÌÅÎÄ ÔÈÅÍÓÅÌÖÅÓ ×ÅÌÌ ÔÏ Á ÍÁÔÈÅÍÁÔÉÃÁÌ Ìi-
near notation, e.g., for matr ices.  

A variety of syntax choices can be used for  a linear format. The choices made in 
this paper favor efficient input of mathematical formulae, sufficient generality to 
support high-quality mathematical typography, the ability to round tr ip elegant ma-
thematical text at least in a r ich-text environment, and a format that resembles a 
real mathematical notation. Obviously compromises between these goals had to be 
made. 

The linear format is useful for  1) inputting technical text, 2) displaying such 
text by text engines that cannot display a built-up format, and 3) computer pro-
grams. For more general storage and interchange of math expressions between 
math-aware programs, MathML and other higher-level languages are preferred.  

Section 2 motivates and illustrates the linear format for  math using the fraction, 
subscripts, and superscripts along with a discussion of how the ASCII space U+0020 
is used to build up one construct at a time. Section 3 summarizes the usage of the 
other constructs along with their  relative precedences, which are used to simplify 
the notation. Section 4 discusses input methods. Section 5 gives ways to recognize 
mathematical expressions embedded in ordinary text. Section 6 explains how Un-
icode plain text can be helpful in programming languages. Section 7 gives conclu-
sions. The appendices present a simplified linear-format grammar and a partial list 
of operators. 

 

2. Encoding Simple Math Expr essions 
Given 5ÎÉÃÏÄÅȭs strong support for mathematics2 relative to ASCII, how much 

better  can a plain-text encoding of mathematical expressions look using Unicode? 
The most well-known ASCII encoding of such expressions is that of TeX, so we use it 
for compar ison.  MathML is more verbose than TeX and some of the compar isons 
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ÁÐÐÌÙ ÔÏ ÉÔ ÁÓ ×ÅÌÌȢ .ÏÔ×ÉÔÈÓÔÁÎÄÉÎÇ 4Å8ȭÓ ÐÈÅÎÏÍÅÎÁÌ ÓÕÃÃÅÓÓ ÉÎ ÔÈÅ ÓÃÉÅÎÃÅ ÁÎÄ 
engineer ing communities, a casual glance at its representations of mathematical ex-
pressions reveals that they do not look very much like the expressions they 
ÒÅÐÒÅÓÅÎÔȢ )ÔȭÓ not easy to make algebraic calculations by hand ÄÉÒÅÃÔÌÙ ÕÓÉÎÇ 4Å8ȭÓ 
notation. With Unicode, one can represent mathematical expressions more readably, 
and the resulting near ly plain text can often be used with few or no modifications 
for  such calculations. This capability is considerably enhanced by using the linear 
format in a system that can also display and edit the mathematics in built-up form. 

The present section introduces the linear format with fractions, subscripts, and 
superscripts. It concludes with a subsection on how the ASCII space character 
U+0020 is used to build up one construct at a time. This is a key idea that makes the 
linear format ideal for inputting mathematical formulae. In general where syntax 
and semantic choices were made, input convenience was given high pr ior ity. 

2.1 Fractions 

One way to specify a fraction linear ly is La4Å8ȭÓ \ frac{numerator}{denominator}.  
The { } are not pr inted when the fraction is built up. These simple rules immediately 
ÇÉÖÅ Á ȰÐÌÁÉÎ ÔÅØÔȱ ÔÈÁÔ ÉÓ ÕÎÁÍÂÉÇÕÏÕÓȟ ÂÕÔ ÌÏÏËÓ ÑÕÉÔÅ ÄÉÆÆÅÒÅÎÔ ÆÒÏÍ ÔÈÅ ÃÏÒÒÅs-
ponding mathematical notation, thereby making it harder to read. 

Instead, we define a simple operand to consist of all consecutive letters and 
decimal digits, i.e., a span of alphanumeric characters, those belonging to the Lx and 
Nd General Categor ies (see The Unicode Standard 4.0,1 Table 4-2. General Category). 
As such, a simple numerator  or  denominator is terminated by most nonalphanumer-
ic characters, including, for example, ar ithmetic operators, the blank (U+0020), Un-
icode characters U+2200 ɀ U+23FF, and U+2500 ɀ U+2AFF.  The fraction operator  is 
given by the usual solidus /  (U+002F).  So the simple built-up fraction 

ὥὦὧ
Ὠ. 

appears in linear format as abc/ d. To force a display of the linear fraction, one can 
use \ /  (backslash followed by slash). 

For more complicated operands (such as those that include operators), paren-
theses (  ), brackets [  ] , or  braces { } can be used to enclose the desired character 
combinations.  If parentheses are used and the outermost parentheses are preceded 
and followed by operators, those parentheses are not displayed in built-up form, 
since usually one does not want to see such parentheses. So the plain text (a + c) / d 
displays as 

ὥ+ ὧ
Ὠ . 
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In practice, this approach leads to plain text that is easier  to read than La4Å8ȭÓȟ ÅȢÇȢȟ 
\ frac{a + c}{d}, since in many cases, parentheses are not needed, while TeX requires 
{ }ȭÓȢ  4Ï ÆÏÒÃÅ ÔÈÅ ÄÉÓÐÌÁÙ ÏÆ the outermost parentheses, one encloses them, in turn, 
within parentheses, which then become the outermost parentheses. For example, 
(( a + c)) / d displays as 

ɉὥ+ ὧɊ
Ὠ . 

A really neat feature of this notation is that the plain text is, in fact, often a legi-
timate mathematical notation in its own r ight, so it is relatively easy to read. Con-
trast this with the MathML version, which (with no parentheses) reads as 
 

<mfrac> 
  <mrow> 

<mi>a</ mi> 
<mo>+</ mo> 
<mi>c</ mi> 

  </ mrow> 
  <mi>d</ mi> 
 </ mfrac> 
 

Three built-up fraction variations are available: ÔÈÅ ȰÆÒÁÃÔÉÏÎ ÓÌÁÓÈȱ 5Ϲςπττ 
(which one might input by typing \ sdivide) builds up to a skewed fraction, ÔÈÅ ȰÄÉÖi-
ÓÉÏÎ ÓÌÁÓÈȱ 5Ϲςςρυ (\ ldivide) builds up to a potentially large linear fraction, and the 
circled slash Ṩ (U+2298, \ ndivide) builds up a small numer ic fraction (although 
characters other than digits can be used as well). 

The same notational syntax ÉÓ ÕÓÅÄ ÆÏÒ Á ȰÓÔÁÃËȱ ×ÈÉÃÈ ÉÓ ÌÉËÅ Á ÆÒÁÃÔÉÏÎ ×ÉÔÈ ÎÏ 
fraction bar. The stack is used to create binomial coefficients and the stack operator 
ÉÓ Ȭʹȭ (\ atop) . For example, the binomial theorem 

ɉὥ+ ὦɊὲ= ὲ
Ὧὥ

Ὧὦὲ Ὧ
ὲ

Ὧ= 0
 

 
in linear format reads as (see Sec. 3.4 for  a discussion of the n-aryand operator Ʋ) 

 
(a + b)^ n Ѐ Вͅɉk=0)^ n Ʋ (n ¦ k) a^k b^(n-k) , 

 
where (n ¦ k) is the binomial coefficient for  the combinations of n items grouped k at 
a time. The summation limits use the subscript/ superscript notation discussed in 
the next subsection. 
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2.2 Subscr ipts and Superscr ipts 

Subscripts and superscripts are Á ÂÉÔ ÔÒÉÃËÉÅÒȟ ÂÕÔ ÔÈÅÙȭÒÅ ÓÔÉÌÌ ÑÕÉÔÅ ÒÅÁÄÁÂÌÅȢ 
Specifically, we introduce a subscript by a subscr ipt operator , which we display as 
the ASCII underscore _ as in TeX. A simple subscr ipt operand consists of the str ing of 
one or more characters with the General Categor ies Lx (alphabetic) and Nd (decimal 
digits), as well as the invisible comma. For example, a pair  of subscripts, such as ‏‘’ 
is wr itten as ‏_‘’. Similar ly, superscripts are introduced by a superscript operator , 
which we display as the ASCII ^ as in TeX. So a^b means ὥὦ. A nice enhancement for 
a text processing system with build-up capabilities is to display the _ as a small sub-
script down arrow and the ^ as a small superscript up arrow, in order to convey the 
semantics of these build-up operators in a math context. 

Compound subscripts and superscripts include expressions within parenthes-
es, square brackets, and curly braces. So ‏‘+’ is wr itten as ‏_(‘+ ’). In addition it is 
worthwhile to treat two more operators, the comma and the per iod, in special ways. 
Specifically, if a subscript operand is followed directly by a comma or a per iod that 
is, in turn, followed by whitespace, then the comma or per iod appears on line, i.e., is 
treated as the operator  that terminates the subscript. However a comma or per iod 
followed by an alphanumeric is treated as part of the subscript. This refinement ob-
viates the need for many overr iding parentheses, thereby yielding a more readable 
linear-format text (see Sec. 3.14 for  more discussion of comma and per iod) . 

Another kind of compound subscript is a subscr ipted subscript, which works 
using r ight-to-left associativity, e.g., a_b_c stands for ὥὦὧ.  Similar ly a^b^c stands for 
ὥὦὧ. 

 Parentheses are needed for constructs such as a subscripted superscript like 
ὥὦὧ, which is given by a^(b_c), since a^b_c displays as ὥὧὦ (as does a_c^b) . The build-
up program is responsible for  figur ing out what the subscr ipt or  superscript base is.  
Typically the base is just a single math italic character  like the a in these examples. 
But it could be a bracketed expression or  the name of a mathematical function like 
sin as in sin^2 x, which renders as sin2ὼ (see Sec. 3.5 for  more discussion of this 
case). It can also be an operator , as in the examples +1 and =2. In Indic and other 
cluster-or iented scripts the base is by default the cluster preceding the subscript or 
superscript operator . 

As an example of a slightly more complicated example, consider the expression 
ὡ2„1”1‏

3‍ , which can be wr itten with the linear format ὡ^3‍_2„1”1‏, where Unicode 
numeric subscripts are used. In TeX, one types 
 

$W^{3\ beta}_{\ delta_1\ rho_1\ sigma_2}$ 
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The TeX version looks simpler  using Unicode for  the symbols, namely $W^{3ɼ}_{ɿ_1 
ʍ_ʎͅςɒΑ ÏÒ Α7 ɑͮσɼ}_{ɿ1ʍ1ʎ2}$, since Unicode has a full set of decimal subscr ipts and 
superscripts. As a practical matter , numer ic subscripts are typically entered using 
an underscore and the number followed by a space or  an operator , so the major 
simplif ication is that fewer brackets are needed. 

For the ratio 
‌2

3

‍2
3 + ‎23

 

 
the linear-format text can read as ‌Ϝύ/ ( ‍Ϝύ + ‎ϜύɊȟ ×ÈÉÌÅ the standard TeX version 
reads as 
 

$$\ alpha_2̂ 3 \ over \ beta_2̂ 3 + \ gamma_2̂ 3$$· 
 
The linear-format text is a legitimate mathematical expression, while the TeX ver-
sion bears no resemblance to a mathematical expression. 
    TeX becomes cumbersome for  longer equations such as 

ὡ2„1”1‏
3‍ = Ὗ1”1‏

3‍ + 1
8“2 Ὠ‌2

ᴂ
Ὗ1”1‏

2‍ ‌2
ᴂὟ”1„2

1‍

Ὗ”1„2
0‍

‌2

‌1

 

A linear-format version of this reads as 
 

7 ɿͅ1ʍ1ʎ2 σͮɼЀ5ͅɿ1ʍ1 σͮɼϹρȾψʌͮς қ_ɻ1 ɻͮ2ƲÄɻȭ2 ɍɉ5ͅɿ1ʍ1 ςͮɼ-ɻȭ2 
5ͅʍ1ʎ2 ρͮɼɊȾ5ͅʍ1ʎ2 πͮɼɎ 

 
while the standard TeX version reads as 
 
$$W_{\ delta_1\ rho_1\ sigma_2}^{3\ beta} 
 = U_{\ delta_1\ rho_1}^{3\ beta} + {1 \ over 8\ pi^2} 
 \ int_{\ alpha_1}^{\ alpha_2} d\ ÁÌÐÈÁͅςȭ \ left[ 
 {U_{\ delta_1\ rho_1}^{2\ beta} - \ ÁÌÐÈÁͅςȭ 
 U_{\ rho_1\ sigma_2}^{1\ beta} \ over 
 U_{\ rho_1\ sigma_2}^{0\ beta}} \ r ight]  $$ . 
 

2.3 Use of the Blank (Space) Charact er  

The ASCII space character U+0020 is rarely needed for  explicit spacing of built-
up text since the spacing around operators is should be provided automatically by 
the math display engine (Sec. 3.15 discusses this automatic spacing). However the 
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space character is very useful for delimiting the operands of the linear-format nota-
tion. When the space plays this role, it is eliminated upon build up. So if you type 
\ ÁÌÐÈÁ ÆÏÌÌÏ×ÅÄ ÂÙ Á ÓÐÁÃÅ ÔÏ ÇÅÔ ɻȟ ÔÈÅ ÓÐÁÃÅ ÉÓ ÅÌÉÍÉÎÁÔÅÄ ×ÈÅÎ ÔÈÅ ɻ ÒÅÐlaces the 
\ alpha. Similar ly a_1 b_2 builds up as a1b2 with no intervening space.  

Another example is that a space following the denominator  of a fraction is 
eliminated, since it causes the fraction to build up. If a space precedes the numerator 
of a fraction, the space is eliminated since it may be necessary to delimit the star t of 
the numerator . Similar ly if a space is used before a function-apply construct (see Sec. 
3.5) or  before above/ below scr ipts (see Sec. 3.3), it is eliminated since it delimits 
the star t of those constructs.  

In a nested subscr ipt/ superscript expression, the space builds up one script at 
a time. For example, to build up a^b^c to abc, two spaces are needed if spaces are 
used for build up. Some other operator  like + builds up the whole expression, since 
the operands are unambiguously terminated by such operators. 

In TeX, the space character  is also used to delimit control words like \ alpha 
and does not appear in built-ÕÐ ÆÏÒÍȢ ! ÄÉÆÆÅÒÅÎÃÅ ÂÅÔ×ÅÅÎ 4Å8ȭÓ ÕÓÁÇÅ and the li-
ÎÅÁÒ ÆÏÒÍÁÔȭÓ ÉÓ ÔÈÁÔ ÉÎ 4Å8ȟ ÂÌÁÎËÓ ÁÒÅ ÉÎÖÁÒÉÁÂÌÙ ÅÌÉÍÉÎÁÔÅÄ ÉÎ ÂÕÉÌÔ-up display, 
×ÈÅÒÅÁÓ ÉÎ ÔÈÅ ÌÉÎÅÁÒ ÆÏÒÍÁÔ ÂÌÁÎËÓ ÔÈÁÔ ÄÏÎȭÔ ÄÅÌÉÍÉÔ ÏÐÅÒÁÎÄÓ or keywords do re-
sult in spacing. Additional spacing characters are discussed in Sec. 3.15. 

One displayed use for  spaces is in overr iding the algor ithm that decides that an 
ÁÍÂÉÇÕÏÕÓ ÕÎÁÒÙȾÂÉÎÁÒÙ ÏÐÅÒÁÔÏÒ ÌÉËÅ Ϲ ÏÒ Ϻ ÉÓ ÕÎÁÒÙȢ )Æ ÆÏÌÌÏ×ÅÄ ÂÙ Á ÓÐÁÃÅȟ ÔÈÅ 
ÏÐÅÒÁÔÏÒ ÉÓ ÃÏÎÓÉÄÅÒÅÄ ÔÏ ÂÅ ÂÉÎÁÒÙ ÁÎÄ ÔÈÅ ÓÐÁÃÅ ÉÓÎȭÔ ÄÉÓÐÌÁÙÅÄȢ 3ÐÁÃÅÓ ÁÒÅ ÁÌÓÏ 
used to obtain the correct spacing around comma, per iod, and colon in various con-
texts (see Sec. 3.14). 
 

3. Encoding Other  Math Expr essions 
The previous section descr ibes how we encode fractions, subscripts and super-
scripts in the linear format and gives a feel for  that format. The current section de-
scribes how we encode other mathematical constructs using this approach and ends 
with a more formal discussion of the linear format. 

3.1 Delimi ters 

Brackets [ ] , braces { }, and parentheses (  ) represent themselves in the Un-
icode plain text, and a word processing system capable of displaying built-up formu-
las should be able to enlarge ÔÈÅÍ ÔÏ ÆÉÔ ÁÒÏÕÎÄ ×ÈÁÔȭÓ ÉÎÓÉÄÅ ÔÈÅÍȢ In general we 
refer to such characters as delimiters. A delimited pair  need not consist of the same 
kinds of delimÉÔÅÒÓȢ &ÏÒ ÅØÁÍÐÌÅȟ ÉÔȭÓ ÆÉÎÅ ÔÏ ÏÐÅÎ ×ÉÔÈ ɍ ÁÎÄ ÃÌÏÓÅ ×ÉÔÈ ] and one 
sees this usage in some mathematical documents. The closing delimiter  can have a 
subscript and/ or a superscr ipt. Delimiters are called fences in MathML. 
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These choices suffice for  most cases of interest. But to allow for  use of a delimi-
ter  without a matching delimiter  and to overrule the open/ close character  of delimi-
ters, the special keywords \ open and \ close can be used. These translate to the box-
drawings characters  ɜand ᶧ, respectively. Box drawings characters are used for 
ÔÈÅ ÏÐÅÎȾÃÌÏÓÅ ÄÅÌÉÍÉÔÅÒÓ ÂÅÃÁÕÓÅ ÔÈÅÙ ÁÒÅÎȭÔ ÌÉËÅÌÙ ÔÏ ÂÅ ÕÓÅÄ ÁÓ ÍÁÔÈÅÍÁÔÉÃÁÌ ÃÈa-
racters and they are readily available in fonts. )Æ ÕÓÅÄ ÂÅÆÏÒÅ ÁÎÙ ÃÈÁÒÁÃÔÅÒ ÔÈÁÔ ÉÓÎȭÔ 
a delimiter  of the opposite sense, the open/ close delimiter  acts as an invisible deli-
miter , defining the corresponding end of a delimited expression. A common use of 
ÔÈÉÓ ÉÓ ÔÈÅ ȰÃÁÓÅȱ ÅÑÕÁÔÉÏÎ, such as 

ὪɉὼɊ= ὼ if ὼ  0
ὼ if ὼ< 0  , 

which has the linear format Ȱf(x) = {Ʈ (&x" if "x І πͽϺ&x" if "x < 0)ᶧ" (see Sec. 3.19 
for a discussion of the equation-array operator  Ʈ ). 

The open/ close delimiters can be used to overrule the normal open/ close cha-
racter  of delimiters as in the admittedly strange, but nevertheless sometimes used, 
ÅØÐÒÅÓÓÉÏÎ ȰɎa + bɍȱȟ ×ÈÉÃÈ ÈÁÓ ÔÈÅ ÌÉÎÅÁÒ ÆÏÒÍÁÔ Ȱɜ ]a+bᶧɍȱȢ Note that a blank fol-
ÌÏ×ÉÎÇ ÁÎ ÏÐÅÎ ÏÒ ÃÌÏÓÅ ÄÅÌÉÍÉÔÅÒ ÉÓ ȰÅÁÔÅÎȱȢ 4ÈÉÓ ÉÓ ÔÏ ÁÌÌÏ× ÁÎ ÏÐÅÎ ÄÅÌÉÍÉÔÅÒ ÔÏ ÂÅ 
followed by a normal delimiter  without combining the two into a single delimiter . 
See also Sec. 3.18 on how to make arbitrary groupings. 

The usage of open and close delimiters in the linear format is admittedly a 
compromise between the explicit nature of TeX and the desire for a legitimate math 
notation, but the flexibility can be worth the compromise especially when interope-
rating with ordinar ily built-up text such as in a WYSIWYG math system. TeX uses 
\ left and \ r ight for  this purpose instead of \ open and \ close. We use the latter  since 
they apply to r ight-to-left mathematics used in many Arabic locales as well as to the 
usual left-to-r ight mathematics. 

Absolute values are represented by the ASCII vertical bar  | (U+007C). The 
evenness of its count at any given bracket nesting level typically determines wheth-
er  the ver tical bar  is a close |. Specifically, the first appearance is considered to be an 
open | (unless subscr ipted or superscripted) , the next a close | (unless following an 
operator) , the next an open |, and so for th. 

Nested absolute values can be handled unambiguously by discarding the out-
ermost parentheses within an absolute value. For example, the built-up expression 
||x| - |y|| can have the linear format |(| x|Ϻ|y|)|.  Some cases, such as this one, can be 
parsed without the clar ifying parentheses by noting that a vertical bar | directly fol-
lowing an operator  is an open |. But the example |a|bϺc|d| needs the clar ifying pa-
rentheses since it can be interpreted as either (| a|bɊϺɉc|d|) or  |a(| bϺc|) d|. The usual 
algor ithm gives the former, so if one wants the latter  without the inner parentheses, 
one can type |( a|bϺc|d)| . 
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Another case where we treat | as a close delimiter  is if it is followed by a space 
(U+0020). This handles the important case of the bra vector  in Dirac notation. For 
example, the quantum mechanical density operator ʍ has the definition 

”= ὖ‪ȿ‪ἃἂ‪ȿ
‪

, 

where the ver tical bars can be input using the ASCII ver tical bar . 
If a | is followed by a subscript and/ or a superscript and has no corresponding 

open |, it is treated as a scr ipt base character , i.e., not a delimiter . Its built-up size 
should be the height of the integral sign in the current display/i nline mode. 

The Unicode norm delimiter  U+2016 (ᴁ) has the same open/ close definitions 
as the absolute value character  | ÅØÃÅÐÔ ÔÈÁÔ ÉÔȭÓ ÁÌ×ÁÙÓ ÃÏÎÓÉÄÅÒÅÄ ÔÏ ÂÅ Á Äelimiter . 

Delimiters ÃÁÎ ÁÌÓÏ ÈÁÖÅ ÓÅÐÁÒÁÔÏÒÓ ×ÉÔÈÉÎ ÔÈÅÍȢ 4ÈÅ ÌÉÎÅÁÒ ÆÏÒÍÁÔ ÄÏÅÓÎȭÔ 
formalize the comma separators of function arguments (MathML does), but it sup-
ports the vertical bar  separator , which is represented by the box drawings light ver-
tical characterᶅ(U+2502). We tr ied using the ASCII | (U+007C) for this purpose too, 
but the resulting ambiguities are insurmountable in general. One case using U+007C 
as a separator that can be deciphered is that of the form (a|b), where a and b are 
mathematical expressions. But (a|b|c) interprets the vertical bars as the absolute 
value. The vertical bar  separator grows in size to match the size of the surrounding 
brackets.  

Another common separator is the \ mid character  ᷄(U+2223), commonly used 
in expressions like {ὼ | ὪɉὼɊ= 0}. This separator  also grows in size to match the 
surrounding brackets and is spaced as a relational. 

3.2 Lit eral Operator s 

Certain operators like brackets, braces, parentheses, superscript, subscr ipt, 
integral, etc., have special meaning in the linear-format notation. In fact, even a cha-
ÒÁÃÔÅÒ ÌÉËÅ ȬϹȭȟ ×ÈÉÃÈ ÄÉÓÐÌÁÙÓ ÔÈÅ ÓÁÍÅ ÇÌÙÐÈ ÉÎ ÌÉÎÅÁÒ ÆÏÒÍÁÔ ÁÓ ÉÎ ÂÕÉÌÔ-up form 
(aside from a possible size reduction) , plays a role in the linear format in that it  
terminates an operand. To remove the linear-format role of such an operator , we 
precede it ÂÙ ÔÈÅ ȰÌÉÔÅÒÁÌ ÏÐÅÒÁÔÏÒȱȟ ÆÏÒ ×ÈÉÃÈ ÔÈÅ backslash \  is handy. So \ [  is dis-
played as an ordinary left square bracket, with no attempt by the build-up software 
to match a corresponding r ight square bracket. Such quoted operators are automati-
cally included in the current operand. 

Linear format operators always consist of a single Unicode character , although 
a control word like \ open may be used to input the character . Using a single charac-
ter  has the advantage of being globalized, since the control word typically looks like 
English. Users can define other control words that look like words in other languag-
es just so long as they map into the appropr iate operator characters. A slight excep-
tion to the single-character operator  rule occurs for accent operators that are ap-
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plied to two or  more characters (see Sec. 3.10). For these the accent combining 
mark may be preceded by a no-break space for  the sake of readability. Another ad-
vantage of using operator characters rather than control words is that the build-up 
processing is simplified and therefore faster . 

3.3 Prescr ipts and Above/ Below Scr ipts 

A special parenthesized syntax is used to form prescripts, that is, subscripts 
and superscripts that precede their  base. For this (_c^b)a creates the prescripted 
variable c

b a.. Var iables can have both prescripts and postscripts (ordinary 
sub/ superscripts).  

Below scripts and above scripts are represented in general by the line drawing 
operators \ below (ᶯ) and \ above (ᶷ) , respectively. Hence the expression lim

ὲO Њ
ὥὲ 

can be represented by limᶯ (nЗЊɊ a_n. Since the operations det, gcd, inf, lim, lim 
inf, lim sup, max, min, Pr, and sup are common, their below scripts are also accessi-
ble by the usual subscript operator _. So in display mode, lim

ὲO Њ
ὥὲ can also be 

represented by lim_(nЗЊ) a_n, which is a little easier  to type than limᶯ(nЗЊɊ a_n.  
Although for illustration purposes, the belowscript examples are shown here 

in-line with the script below, ordinar ily this choice is only for display-mode math. 
When inline, below- and abovescripts entered with _ and ^ are shown as subscripts 
and superscr ipts, respectively, as are the limits for n-ary operators. When entered 
with ᶯ and ᶷ, they remain below and above scripts in-line. If an above/ below op-
erator or a subscript/ superscript operator is preceded by an operator , that operator 
becomes the base. See Sec. 3.8 for some examples. 

3.4 n-ary Operator s 

n-ary operators like integral, summation and product are sub/ superscripted or 
above/ below operators that have Á ÔÈÉÒÄ ÁÒÇÕÍÅÎÔȡ ÔÈÅ Ȱn-ÁÒÙÁÎÄȱȢ &ÏÒ ÔÈÅ ÉÎÔÅÇÒÁÌȟ 
the n-aryand is the integrand, and for  the summation, ÉÔȭÓ the summand. For both 
ÔÙÐÏÇÒÁÐÈÉÃÁÌ ÁÎÄ ÓÅÍÁÎÔÉÃ ÐÕÒÐÏÓÅÓȟ ÉÔȭÓ ÕÓÅÆÕÌ ÔÏ ÉÄÅÎÔÉÆÙ Ôhese n-aryands. In the 
linear format, this is done by following the sub/ superscripted n-ary operator by the 
naryand concatenation operator \ naryand (Ʋ) which is U+2592. The operand that 
follows this operator  becomes the n-aryand. For example, the linear-format expres-
sion Ќͅπ̂aƲx xH/ (x^2+a^2) has the built up form 

ὼ Ὠὼ
ὼ2 + ὥ2

ὥ

0
 

where x xH/ (x^2+a^2) is the integrand and  H is the Unicode differential character 
U+2 146. Unlike with the fraction numerator  and denominator , the outermost pa-
rentheses of a n-aryand are not  removed on buildup, since parentheses are com-
monly used to delimit compound n-aryands.  



 Unicode Nearly Plain Text Encoding of Mathematics 

12  Unicode Technical Note 

To delimit more complicated n-aryands without using parentheses or  brackets 
of some kind, use the \ begin \ end (ῗ Ῐsee Sec. 3.18) delimiters, which disappear 
on build up.  

Since \ ÎÁÒÙÁÎÄ ÉÓÎȭÔ ÔÈÅ ÍÏÓÔ ÉÎÔÕÉÔÉÖÅ ÎÁÍÅȟ ÔÈÅÒÅ ÉÓ the alias \ of that can be 
used. This also works as an alias for  \ funcapply in math function contexts (see Sec. 
3.5). 4ÈÉÓ ÁÌÉÁÓ ÉÓ ÍÏÔÉÖÁÔÅÄ ÂÙ ÓÅÎÔÅÎÃÅÓ ÌÉËÅ Ȱ4ÈÅ ÉÎÔÅÇÒÁÌ ÆÒÏm 0 to b of xdx is one-
ÈÁÌÆ Â ÓÑÕÁÒÅÄȢȱ 

Sometimes one wants to control the positions of the limit expressions explicit-
ÌÙ ÁÓ ÉÎ ÕÓÉÎÇ 4Å8ȭÓ \ limits (upper limit above, lower below) and \ nolimits (upper 
limit as superscr ipt and lower as subscript) control words. To this end, if the n-ary 
operator  is followed by the digit 1, the limit expressions are displayed above and 
below the n-ary operator and if followed by the digit 2, they are displayed as super-
script and subscript. More completely, the number can be one of the first four  of the 
following along with neither  or one of the last two 

 
nLimitsDefault  0 
nLimitsUnderOver 1 
nLimitsSubSup  2 
nUpperLimitAsSuperScript   3 
fDontGrowWithContent  64 
fGrowWithContent  128 

 

3.5 Mathematical Functions 

Mathematical funcÔÉÏÎÓ ÓÕÃÈ ÁÓ ÔÒÉÇÏÎÏÍÅÔÒÉÃ ÆÕÎÃÔÉÏÎÓ ÌÉËÅ ȰÓÉÎȱ ÓÈÏÕÌÄ ÂÅ 
recognized as such and not italicized. As such they are treated as ordinary text (see 
Sec. 3.16). )Î ÁÄÄÉÔÉÏÎ ÉÔȭÓ ÄÅÓÉÒÁÂÌÅ ÔÏ ÆÏÌÌÏ× ÔÈÅÍ ×ÉÔÈ ÔÈÅ )ÎÖÉÓÉÂÌÅ &ÕÎÃÔÉÏÎ !ÐÐÌÙ 
operator  U+2061 ( \ funcapply) . This is a special binary operator  and the operand 
that follows it is the function argument. In converting to built-up form, this operator 
transforms its operands into a two-argument object that renders with the proper 
spacing for  mathematical functions.  

If the Function Apply operator  is immediately followed by a subscr ipt or su-
perscript expression, that expression should be applied to the function name and 
the Function Apply operator moved passed the modified name to bind the operand 
that follows as the function argument. For example, the function sin2 x falls into this 
category. 

Unlike with the fraction numerator and denominator , the outermost paren-
theses of the second operand of the function-apply operator are not removed on 
buildup, since parentheses are commonly used to delimit function arguments. To 
delimit a more complicated arguments without using parentheses or  brackets of 
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some kind, use theῗ Ῐdelimiters which disappear on build up. If brackets are used, 
ÔÈÅÙ ÁÎÄ ÔÈÅÉÒ ÉÎÃÌÕÄÅÄ ÃÏÎÔÅÎÔ ÃÏÍÐÒÉÓÅ ÔÈÅ ÆÕÎÃÔÉÏÎȭÓ ÁÒÇÕÍÅÎÔȢ 

Since \ ÆÕÎÃÁÐÐÌÙ ÉÓÎȭÔ ÔÈÅ most intuitive name, \ of can be used in function-
apply contexts. \ of autocorrects to Ʋ (U+2592ɂ\ naryand, see Sec. 3.4), but context 
can ÇÉÖÅ ÉÔ ÔÈÉÓ ÃÏÎÖÅÎÉÅÎÔ ÓÅÃÏÎÄ ÕÓÅȢ 4ÈÉÓ ÁÌÉÁÓ ÉÓ ÍÏÔÉÖÁÔÅÄ ÂÙ ÓÅÎÔÅÎÃÅÓ ÌÉËÅ Ȱ4ÈÅ 
sine of 2x equals twice the sine of x times the cosine of xȱ, i.e., sin 2ὼ= 2 sinὼcosὼ. 

)Æ Á ÆÕÎÃÔÉÏÎ ÎÁÍÅ ÈÁÓ Á ÓÐÁÃÅ ÉÎ ÉÔȟ ÅȢÇȢȟ ȰÌÉÍ ÓÕÐȱȟ ÔÈÅ ÓÐÁÃÅ ÉÓ ÒÅÐÒÅÓÅÎÔÅÄ ÂÙ Á 
no-break space (U+00A0) as described in Sec. 3.15. If an ordinary ASCII space were 
used, it would imply build ÕÐ ÏÆ ÔÈÅ ȰÌÉÍȱ ÆÕÎÃÔÉÏÎȢ 

3.6 Square Roots and Radicals 

Square, cube, and quartic roots can be represented by expressions star ted by 
the corresponding Unicode radical characters Ѝ (U+221A, \ sqr t),  ʑ(U+221B, \ cbr t), 
and  ʒ(U+221C, \ qdr t). These operators include the operand that follows. Examples 
are Ѝabcȟ Ѝɉa+b) and (ʑc+d) , which display as Ѝὥὦὧ, Ѝὥ+ ὦ, and Ѝὧ+ Ὠ3 , 
tively. In general, the nÔÈ ÒÏÏÔ ÒÁÄÉÃÁÌ ÉÓ ÒÅÐÒÅÓÅÎÔÅÄ ÂÙ ÁÎ ÅØÐÒÅÓÓÉÏÎ ÌÉËÅ Ѝɉn&a), 
where a is the complete radicand. Anything following the closing parenthesis is not 
par t of the radicand. For example, Ѝ(ὲ&ὥ+ ὦ)  displays as Ѝὥ+ ὦὲ . 

3.7 Enclosures 

To enclose an expression in a rectangle one uses the rectangle operator   
(U+25AD) followed by the operand representing the expression. This syntax is simi-
lar  to that for  the square root. For example (Ὁ= άὧ̂2)  displays as Ὁ= άὧ2 . The 
same approach is used to put an overbar above an expression, namely follow the 
overbar operator   ̄(U+00AF) by the desired operand. For an underbar, use the op-
erator  (U+2581). 

In general the rectangle function can represent any combination of borders, 
hor izontal, vertical, and diagonal str ikeouts, and enclosure forms defined by the 
MathML <menclose> element, except for  roots, which are represented as discussed 
in the previous Section. The general syntax for enclosing an expression ὼ is (ὲ&ὼ), 
where ὲ is a mask consisting of any combination of the following flags: 

 
fBoxLeft   1 
fBoxTop   2 
fBoxRight   4 
fBoxBottom   8 
fBoxBLTRStr ike   16 
fBoxTLBRStr ike   32 
fBoxVStr ike   64 
fBoxHStr ike   128 
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It is anticipated that the enclosure format number n is chosen via some kind of 
fr iendly user inter face, but at least the choice can be preserved in the linear format. 
Note that the overbar function can also be given by (2&ὼ) and the underbar by 

(8&ὼ). 
Other enclosures such as rounded box, circle, long division, actuar ial, and el-

lipse can be encoded as for  the rectangle operator  but using appropr iate Unicode 
characters (not yet chosen here). 

An abstract box can be put around an expression x to change alignment, spac-
ing category, size style, and other properties. This is defined by ṍ(ὲ&ὼ), where ṍ is 
U+25A1 and ὲ can be a combination of one Align option, one Space option, one Size 
option and any flags in the following table: 
 

nAlignBaseli ne 0 
nAlignCenter   1 
nSpaceDefault  0 
nSpaceUnary 4 
nSpaceBinary  8 
nSpaceRelational   12 
nSpaceSkip 16 
nSpaceOrd 20 
nSizeDefault  0 
nSizeText   32 
nSizeScript   64 
nSizeScriptScript  96 
fBreakable 128 
fXPositioning 256 
fXSpacing 512 

 

3.8 Stretchy Characters 

In addition to overbars and underbars, stretchable brackets are used in ma-
thematical text. &ÏÒ ÅØÁÍÐÌÅȟ ÔÈÅ ȰÕÎÄÅÒÂÒÁÃÅȱ ÁÎÄ ȰÏÖÅÒÂÒÁÃÅȱ ÁÒÅ ÁÓ 

ὼ+ Ễ+ ὼ
Ὧ times

 
ὼ+ ώ+ ᾀ

> 0
 

The linear formats for these are (x+Ễ+x)^ (k "times") and (x+y+z)_( >0), re-
spectively. Here the subscr ipt and superscript operators are used for convenient 
keyboard entry (and compatibili ty with TeX); one can also use Sec. 3.3ȭÓ Âe-
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low/ abovescript operators, respectively. The hor izontal stretchable brackets are 
given in the following table 

U+23DC  
U+23DD  
U+23DE  
U+23DF  

U+23E0  
U+23B4 Ỷ 
U+23B5 ỷ 

 
There are many other characters that can stretch hor izontally to fit text, such 

as var ious hor izontal arrows. There are four configurations: a stretch character 
above or  below a baseline text, and text above or  below a baseline stretched charac-
ter . Illustrating the linear format for  these four cases with the stretchy character З 
and the text ὥ+ ὦ, we have 

(ὥ+ ὦ)ᶷЗ̵  (ὥ+ ὦ)ᶯЗ̵ З̵ʊ(ὥ+ ὦ)  З̵ɳ (ὥ+ ὦ)  
which look like 

ὥ+ ὦựựự                  ὥ+ ὦựựự   

3.9 Matr ices 

-ÁÔÒÉÃÅÓ ÁÒÅ ÒÅÐÒÅÓÅÎÔÅÄ ÂÙ Á ÎÏÔÁÔÉÏÎ ÖÅÒÙ ÓÉÍÉÌÁÒ ÔÏ 4Å8ȭÓȟ ÎÁÍÅÌÙ ÁÎ Åx-
pression of the form 

 
Ṍ (exp1 [& exp2Ɏȣ @ ȣ expn-1 [& expnɎȣ  Ɋ 

where Ṍ is the matr ix character  U+25A0 and @ is used to terminate rows, except 
for  the last row which is terminated by the closing paren. This causes exp1 to be 
aligned over exp n-1, etc., to build up an n×m matr ix array, where n is the maximum 
number of elements in a row and m is the number of rows. The matr ix is con-
structed with enough columns to accommodate the row with the largest number of 
entr ies, with rows having fewer entr ies given sufficient null entr ies to keep the table 
n×m. As an example, (ὥ&ὦ@ὧ&Ὠ) displays as 

ὥ ὦ
ὧ Ὠ 
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3.10  Accent Operator s 

Mathematics often has accented characters. Simple pr imed characters like ὥᴂ 
are represented by the character  followed by the Unicode pr ime U+2032, which can 
be typed in using the ASCII apostrophe '. Double pr imed characters have two Un-
icode pr imes, etc. In addition, Unicode has multiple pr ime characters that render 
with somewhat different spacing than concatenations of U+2032. The pr imes are 
special in that they need to be superscripted with appropr iate use of heavier glyph 
variants (see Sec. 3.12). 

The ASCII aster isk is raised in ordinary text, but in a math zone it gets trans-
lated into U+2217, which is placed on the math axis as the +. To make it a super-
script or  subscript, the user has to include it in a superscript or subscr ipt expression. 
For example, a*2 has the linear format version a^*2 or  a^(* 2). Here for  convenience, 
the aster isk is treated as an operand character if it follows a subscript or  superscript 
operator . 

Other kinds of accented characters can be represented by Unicode combining 
mark sequences. The combining marks are found in the Unicode ranges U+0300ɂ
U+036F and U+20D0 ɀ U+20FF. The most common accents in math are summarized 
in the following table 

 
\ hat U+0302 
\ check U+030C 
\ tilde U+0303 
\ acute U+0301 
\ grave U+0300 
\ dot U+0307 
\ ddot U+0308 
\ dddot U+20DB 
\ bar U+0304 
\ vec U+20D7 

 
If a combining mark should be applied to more than one character or to an ex-

pression, that character  or  expression should be enclosed in parentheses and fol-
lowed by the combining mark. Since this construct looks funny when rendered by 
plain-text programs, a no-break space (U+00A0) can appear in between the paren-
theses and the combining mark. Special cases of this notation include overscor ing 
(use U+0305) and underscor ing (use U+0332) mathematical expressions. 

The combining marks are treated by a mathematics renderer  as operators that 
translate into special accent built-up functions with the proper spacing for mathe-
matical variables. 
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3.11  Different ial, Exponential, and Im aginary Symbols 

Unicode contains a number of special double-struck math italic symbols that 
are useful for both typographical and semantic purposes. These are U+2145ɂ
U+2149 for  double-struck D, d, e, i , and j ( ȟG Hȟ Iȟ Jȟ KɊ, respectively. They have the 
meanings of differential, differential, natural exponent, imaginary unit, and imagi-
nary unit, respectively.  

In US patent applications these characters should be rendered as G ȟ Hȟ Iȟ Jȟ K as 
defined, but in regular  US technical publications, these quantities can be rendered as 
math ital ic. In European technical publications, they are sometimes rendered as 
upr ight characters. Furthermore the D and d star t a differential expression and 
should have appropr iate spacing for  differentials. The linear format treats these 
symbols as operand characters, but the display routines should provide the appro-
pr iate glyphs and spacings. 

3.12  Unicode Subscr ipts and Superscr ipts 

Unicode contains a small set of mostly numer ic superscripts (U+00B2, U+00B3, 
U+00B9, U+2070ɂU+207F) and a similar  set of subscripts (U+2080ɂU+208F) that 
should be rendered the same way that scr ipts of the corresponding script nesting 
level would be rendered. To perform this translation, these characters can be 
treated as high-precedence operators, spans of which combine into the correspond-
ing superscr ipts or  subscripts when built up. Since numer ic subscripts and super-
ÓÃÒÉÐÔÓ ÁÒÅ ÖÅÒÙ ÃÏÍÍÏÎ ÉÎ ÍÁÔÈÅÍÁÔÉÃÓȟ ÉÔȭÓ ×ÏÒÔÈ×ÈÉÌÅ ÔÒÁÎÓÌÁÔÉÎÇ ÂÅÔ×ÅÅÎ ÓÔÁn-
dard built-up scripts in built-up format and the Unicode scripts in linear format. 

The pr ime U+2032 and related multiple pr ime characters should also be 
treated as  superscr ipt operators. Display routines should use an appropr iate glyph 
variant to render the superscr ipted pr ime. The ASCII apostrophe can be used to in-
put the pr ime. When it follows a var iable, e.g., ὥᴂ, it should be converted into a su-
perscript function with a ÁÓ ÔÈÅ ÂÁÓÅ ÁÎÄ ÔÈÅ ÐÒÉÍÅ ÁÓ ÔÈÅ ÓÕÐÅÒÓÃÒÉÐÔȢ )ÔȭÓ ÁÌÓÏ Ém-
portant to merge the pr ime into a superscript that follows, e.g., ὥᴂ̂ὧ should display 
as ὥᴂὧ, where both the pr ime and the c are in the same superscript argument. 

3.13  Concatenat ion Operator s 

!ÌÌ ÒÅÍÁÉÎÉÎÇ ÏÐÅÒÁÔÏÒÓ ÁÒÅ ȰÃÏÎÃÁÔÅÎÁÔÉÏÎ ÏÐÅÒÁÔÏÒÓȱ so named because they 
are concatenated with their  surrounding text in built-up form. In addition a conca-
tenation operator  has two effects: 1)  it terminates whatever operand precedes it, 
and 2) it implies appropr iate surrounding space as discussed in Sec. 3.15 along with 
the mathematical spacing tables of the font. Since the spacing around operators is 
well-defined in this way, the user rarely needs to add explicit space characters. 
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3.14  Comma, Per iod, and Colon 

The comma, per iod, and colon have context sensitve spacing requirements that 
can be represented in the linear format. 

 
Comma: when surrounded by ASCII digits render with ordinary text 
spacing. Else treat as punctuation with or  without an ASCII blank fol-
lowing it . In either  punctuation case the comma is displayed with a 
small space following it. If two spaces follow, the comma is rendered as 
a clause separator  (a relatively large space follows the comma). 
 
Per iod : when surrounded by ASCII digits render with ordinary text 
spacing. Else treat as punctuation with or  without an ASCII blank fol-
lowing it. In either  punctuation case the per iod is displayed with a small 
space following it. No clause separator  option exists for  the per iod. An 
extended decimal-point heur istic useful in calculator  scenar ios allows 
one to omit a leading 0, e.g., use numbers like .5. For this if the per iod is 
followed by an ASCII digit and 1) is at the star t of a math zone, 2)  fol-
lows a built-up math object star t character  or end-of-argument charac-
ter , or 3) follows any operator  except for closers and punctuation, then 
the per iod should be classified as a decimal point. With this algor ithm, 
a/ .3 displays as 

ὥ
.3 

 
Colon: <space> Ȭ:ȭ is displayed as Unicode RATIO U+2236 with relation-
al spacing. Ȭ:ȭ without a leading space is displayed as itself with punctua-
tion spacing. 
 

3.15  Space Char acters 

Unicode contains numerous space characters with various widths and proper-
ties. These characters can be useful in tweaking the spacing in mathematical expres-
sions. Unlike the ASCII space, which is removed when causing build up as discussed 
in Sec. 2.3, the other spaces are not removed on build up. Spaces of interest include 
the no-break space (U+00A0) and the spaces U+2000ɂU+200B, 202F, 205F. 

In mathematical typography, the widths of spaces are usually given in integral 
multiples of an eighteenth of an em. The em space is given by U+2003. Var ious space 
widths are defined in the following table, which includes the corresponding MathML 
names having these widths by default 
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Space Uni code MathML name Autocorr ect 
0 em U+200B zero-width space \ zwsp 
1/ 18 em U+200A veryverythinmathspace \ hai rsp 
2/ 18 em U+200A U+200A verythinmathspace  
3/ 18 em U+2006 thinmathspace \ thi nsp 
4/ 18 em U+205F mediummathspace \ medsp 
5/ 18 em U+2005 thickmathspace \ thicksp 
6/ 18 em U+2004 verythickmathspace \ vthicksp 
7/ 18 em U+2004 U+200A veryverythickmathspace  
9/ 18 em U+2002 ensp \ ensp 
18/ 18 em U+2003 emsp \ emsp 
 U+00A0 no-break space \ nbsp 
 
In general, spaces act as concatenation operators and cause build up of higher-

ÐÒÅÃÅÄÅÎÃÅ ÏÐÅÒÁÔÏÒÓ ÔÈÁÔ ÐÒÅÃÅÄÅ ÔÈÅÍȢ "ÕÔ ÉÔȭÓ ÕÓÅÆÕÌ ÆÏÒ ÔÈÅ ÚÅÒÏ-width space 
(U+200B) to be treated as an operand character and not to cause build up of the 
preceding operator . The no-break space (U+00A0) is used when two words need to 
be separated by a blank, but remain on the same line together. The no-break space is 
also treated as an operand character  so that linear format combinations like 
ȰÌÉÍ ÓÕÐȱ ÁÎÄ ȰÌÉÍ infȱ can be recognized as single operands. If an ASCII space 
(U+0020) were used ÁÆÔÅÒ ÔÈÅ ȰÌÉÍȱȟ ÉÔ ×ÏÕÌÄ ÉÍÐÌÙ ÂÕÉÌÄ ÕÐ ÏÆ ÔÈÅ ȰÌÉÍȱ ÆÕÎÃÔÉÏÎ, 
ÒÁÔÈÅÒ ÔÈÁÎ ÂÅÉÎÇ ÐÁÒÔ ÏÆ ÔÈÅ ȰÌÉÍ ÓÕÐȱ ÏÒ ȰÌÉÍ ÉÎÆȱ ÆÕÎÃÔÉÏÎ.  

In math zones, most spacing is automatically impl ied by the properties of the 
characters. The following table shows examples of how many 1/ 18ths of an em size 
are automatically inserted between a character  with the row property followed by a 
character  with the column property for  text-level expressions (see also p. 170 of The 
TeXbook and Appendix F of the MathML 2.0 specification) 

 
 ord unary  binary  rel  open close punct  
ord 0 0 4 5 0 0 0 
unary  0 0 4 0 0 0 0 
binary  4 4 0 0 4 0 0 
rel  5 5 0 0 5 0 0 
open 0 0 0 0 0 0 0 
close 0 0 4 5 0 0 0 
punct 3 3 0 3 3 3 3 

 
For  the combinations described by this simple table, all script-level spacings are 0, 
but a more complete table would have some nonzero values. For example, in the ex-
pression ὥ+ ὦ, the letters a and b have the ord (ordinary)  property, while the +  has 
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the binary property in this context. Accordingly for  the text level there is 4/ 18th em 
between the a and the +  and between the +  and the b. A more complete table could 
include properties like math functions (t r igonometr ic functions, etc.), n-ary opera-
tors, tall delimiters, differentials, subformulas (e.g., expression with an over brace), 
binary with no spacing (e.g., / ), clause separators, ellipsis, factor ial, and invisible 
function apply. 

The zero-width space (U+200B, \ zwsp) is handy for  use as a null argument. 
For example, the expression םὥὦ shows the subscript ὥὦ kerned in under the over-
hang of the ם. To prevent this kerning, one can insert a \ zwsp before the subscript, 
which then displays unkerned as םὥὦ. 

3.16  Ordinary Text I nside Math Zones 

Sometimes one wants ordinary text inside a function argument or in a math 
zone as in the formula 

rate = distance
time . 

For  such cases, the alphabetic characters should not be converted to math alphabet-
ic characters and the typography should be that of ordinary text, not math text. To 
embed such text inside functions or in general in a math zone, the text can be en-
closed inside ASCII double quotes. So the formula above would read in linear format 
as 

"rate"="distance"/ "t ime". 
If you want to include a double quote inside such text, insert \ ".  Another example is 
sin—= ½ὩὭ—+ c.c. 4Ï ÇÅÔ ÔÈÅ ȰÃȢÃȢȱ ÁÓ ÏÒÄÉÎÁÒÙ ÔÅØÔȟ ÅÎÃÌÏÓÅ ÉÔ ×ÉÔÈ !3#)) ÄÏÕÂÌÅ 
ÑÕÏÔÅÓȢ /ÔÈÅÒ×ÉÓÅ ÔÈÅ ÃȭÓ ×ÉÌÌ ÂÅ ÉÔÁÌÉÃÉÚÅÄ ÁÎÄ ÔÈÅ ÐÅÒÉÏÄÓ ×ÉÌÌ ÈÁÖÅ ÓÏÍÅ ÓÐÁÃÅ Áf-
ter  them. 

Alternatively ordinary text inside a math zone can be specified using a charac-
ter-format property. This property is exported to plain text star ted and ended with 
the ASCII double quote. Note that no math object or math text can be nested inside 
an ordinary text region. Instead if you paste a math object or text into an ordinary 
text region, you split the region into two such regions with the math object and/ or 
text in between. 

3.17  Phantoms and Smashes 

Sometimes one wants to obtain hor izontal and/ or vertical spacings that differ 
from the normal values. In [La]TeX this can be accomplished using phantoms to in-
troduce extra space or smashes to zero out space. In the linear format, six special 
cases are defined as in the following table 
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Autocorrect LF op Op name width ascent descent ink 
\ phantom  U+27E1 white concave-sided diamond w a d no 
\ hphantom     U+2B04 white left-right ar row w 0 0 no 
\ vphantom  ɕU+21F3 white up-down arrow 0 a d no 
\ smash  U+2B0D black up-down arrow w 0 0 yes 
\ asmash  U+2B06 black up ar row w 0 d yes 
\ dsmash  U+2B07 black down ar row w a 0 yes 

 
The general case is given by \ phantom(n&<operand>), where n is any combination 
of the following flags: 
  

fPhantomShow   1 
fPhantomZeroWidth   2 
fPhantomZeroAscent    4 
fPhantomZeroDescent    8 
fPhantomTransparent    16 

 

3.18  Arbi tr ary Groupings 

The left/ r ight white lenticular bracketsῗ and Ῐ(U+3016 and U+3017) can be 
used to delimit an arbitrary expression without displaying these brackets on build 
up. The eliminat ion of outermost parentheses for arguments of fractions, subscr ipts, 
and superscripts solves such grouping problems nicely in most cases, but the white 
lenticular  brackets can handle any remaining cases. Note that in math zones, these 
brackets should be displayed using a math font rather than an East Asian font. 

3.19  Equat ion Arr ays 

To align one equation relative to another vertically, one can use an equation 
array, such as 

10ὼ+ 3ώ= 2
3ὼ+ 13ώ= 4 

which has the linear format Ʈ(10&x+&3&y=2@3&x+&13&y=4), where Ʈ is U+2588. 
Here the meaning of the ampersands alternate between align and spacer , with an 
implied spacer  at the star t of the line. So every odd & is an alignment point and 
every even & is a place where space may be added to align the equations. This con-
vention is used in AmSTeX. 

3.20  Math Zones 

Section 5 discusses heur istic methods to identify the star t and end of math 
zones in plain text. While the approaches given are surpr isingly successful, they are 
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ÎÏÔ ÉÎÆÁÌÌÉÂÌÅȢ (ÅÎÃÅ ÉÆ ÏÎÅ ËÎÏ×Ó ÔÈÅ ÓÔÁÒÔ ÁÎÄ ÅÎÄ ÏÆ ÍÁÔÈ ÚÏÎÅÓȟ ÉÔȭÓ ÄÅÓÉÒÁÂÌÅ ÔÏ 
preserve this information in the linear format. 

The linear format uses U+23A8 to star t a math zone and U+23AC to end it. 
These are the left and r ight curly bracket middle pieces, respectively, and would not 
ordinar ily be used in documents. They are designed for communication between 
display dr ivers and display hardware when building up large cur ly braces. 

When importing plain text, the user can execute a command to build up math 
zones defined by these math-zone delimiters. Note that although ÔÈÅÒÅȭÓ ÎÏ ×ÁÙ ÔÏ 
specify display versus inÌÉÎÅ ÍÏÄÅÓ ɉ4Å8ȭÓ Α ÖÅÒÓÕÓ ΑΑɊȟ Á useful convention for sys-
tems that mark math zones is that a paragraph consisting of a math zone is in dis-
ÐÌÁÙ ÍÏÄÅȢ )Æ ÁÎÙ ÐÁÒÔ ÏÆ ÔÈÅ ÐÁÒÁÇÒÁÐÈ ÉÓÎȭÔ ÉÎ Á ÍÁÔÈ ÚÏÎÅ including a possible 
terminating per iod, then inline render ing is used. 

3.21  Equat ion Numbers  

Equation numbers are often used with equations presented in display mode. 
To represent an equation number flushed r ight of the equation in the linear format, 
enter  the equation followed by a # (U+0023) followed by the desired equation 
number text. For example Ʈ(E=mc^2#( 30))  or more simply just E=mc^2#( 30) 
renders as 

 
 

3.22  Linear For mat Charact ers and Operands 

The linear format divides the roughly 100,000 assigned Unicode characters in-
to three categor ies: 1) operand characters such as alphanumerics, 2)  the bracket 
characters described in Sec. 3.1, and 3) other operator characters such as those de-
scribed in Secs. 2.1ɂ2.2 and 3.2ɂ3.19. Operand characters include some nonal-
ÐÈÁÎÕÍÅÒÉÃ ÃÈÁÒÁÃÔÅÒÓȟ ÓÕÃÈ ÁÓ ÉÎÆÉÎÉÔÙ ɉЊɊȟ ÅØÃÌÁÍÁÔÉÏÎ ÐÏÉÎÔ ɉȦɊ ÉÆ ÐÒÅÃÅÄÅÄ ÂÙ ÁÎ 
operand, Unicode minus (U+2212) or  plus if either  star ts a sub/ superscr ipt operand, 
ÁÎÄ ÐÅÒÉÏÄ ÁÎÄ ÃÏÍÍÁ ÉÆ ÔÈÅÙȭÒÅ ÓÕÒÒÏÕÎÄÅÄ ÂÙ !3#)) ɉÏÒ ÆÕÌÌ-width ASCII) digits. In 
other contexts, per iod and comma are treated as operators with the same prece-
dence as plus. To reveal which characters are operators, operator-aware editors 
could be instructed to display operators with a different color or some other 
attr ibute. 

In addition, operands include bracketed expressions and mixtures of such ex-
pressions and other operand characters. Hence f(x) can be an operand. More specif-
ic definit ions of operands are given in the linear-format syntax of Appendix A. Oper-
ator  Summary. 

Operands in subscripts, superscripts, fractions, roots, boxes, etc. are defined in 
part in terms of operators and operator precedence.  While such notions are very 
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familiar  to mathematically or iented people, some of the symbols that we define as 
operators might surpr ise one at first. Most notably, the space (U+0020) is an impor-
tant operator  in the plain-text encoding of mathematics since it can be used to ter-
minate operands as discussed in Sec. 2-3.  A small but common list of operators is 
given in Table 3.1  
 

Table 3.1 List  of princ ip al operat or s ord ered by i ncreasi ng precedence 

CR 
( [  { |ᶟῗ 
) ]  } | ᶧῘ 

&ᶅ 
Space  Ȱ  .  ,  =  Ϻ  +  ɕ  ϼ  ɇ  Ɇ  ¶ 

 Ʋ  
/   ¦ 
В᷿Б 
_ ̂   

ṍ  Â Ҋ  ʑ  ʒ   ̄  
Combining marks 

 
where CR = U+000D. Note that the ASCII ver tical bar  | (U+007C) shows up both as 
an opening bracket and as a closing bracket. The choice is disambiguated by the 
evenness of its count at any given bracket nesting level or  other considerations (see 
Sec. 3.1) . So typically the first appearance is considered to be an open |, the next a 
close |, the next an open |, and so for th. The vertical bar  appear ing on the same level 
as & is considered to be a vertical bar separator  and is given by the box drawings 
light vertical character (U+2502). We tr ied using the ASCII U+007C for this too, but 
the resulting ambiguities were insurmountable. 

As in ar ithmetic, operators have precedence, which streamlines the interpreta-
tion of operands. The operators are grouped above in order of increasing prece-
dence, with equal precedence values on the same line. For example, in ar ithmetic, 
3+1/ 2 = 3.5, not 2. Similar ly the plain-text expression ɻ Ϲ ɼȾɾ means 

‌+ ‍‎ not ‌+ ‍
‎  

Precedence can be overruled using parentheses, so (ɻ Ϲ ɼ) /ɾ gives the latter . 
The following gives a list of the syntax for a var iety of mathematical constructs 

(see Appendix A for  a complete grammar) . 
 



 Unicode Nearly Plain Text Encoding of Mathematics 

24  Unicode Technical Note 

exp1/ exp2 Create a built-up fraction with numerator  exp1 and denomina-
tor  exp2.  Numerator  and denominator expressions are termi-
nated by operators such as / *]) and blank (can be overruled 
by enclosing in parentheses).  

exp1¦exp2 Similar  to fraction, but no fraction bar is displayed. Some-
times called a stack.  

basê exp1 Superscript expression exp1 to the base base.  The super-
scripts 0 ɀ 9 + - (  )  exist as Unicode symbols.  Sub/ superscript 
expressions are terminated, for example, by / *]) and blank. 
Sub/ superscript operators associate r ight to left. 

base_exp1 Subscript expression exp1 to the base base.  The subscripts 0 ɀ 

9 + - (  )  exist as Unicode symbols. 
base_exp1^exp2  Subscript expression exp1 and superscript expression exp2 to 

the base base.  The subscripts 0 ɀ 9 + - (  )  exist as Unicode sym-
bols. 

 (_exp1^exp2)base Prescript the subscript exp1 and superscr ipt exp2 to the base 
base. 

 baseʊ exp1 Display expression exp1 centered above the base base. 
Above/ below script operators associate r ight to left. 

baseɳ exp1 Display expression exp1 centered below the base base. 
[exp1]  Surround exp1 with built-up brackets.  Similar ly for  { } and (  ).  

Similar ly for { }, ( ), | |. See Sec. 3.1 for generalizations. 
 [exp1]^exp2 Surround exp1 with built-up brackets followed by super-

scripted exp2 (moved up high enough). 
ṍexp1 Abstract box around exp1. 

exp1 Rectangle around exp1. 
exp1 Underbar under exp1 (underbar operator  is U+2581, not the 

ASCII under line character  U+005F). 
 ̄exp1 Overbar above exp1. 
Ҋexp1 Square root of exp1. 

eʑxp1 Cube root of exp1. 
eʒxp1 Fourth root of exp1. 
Ҋ(exp1&exp2)  exp1th root of exp2. 
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ҁ_exp1^exp2Ʋexp3 Summation from exp1 to exp2 with summand exp3. _exp1 and 
^exp2 are optional. 

Е_exp1^exp2Ʋexp3 Product from exp1 to exp2 with multipl icand exp3. _exp1 and 
^exp2 are optional. 

қ_exp1^exp2Ʋexp3 Integral from exp1 to exp2 with integrand exp3. _exp1 and ^exp2 
are optional. 

(exp1 [& exp2Ɏȣ [@ Align exp1 over exp n-1, etc., to build up an array (see Appendix 
    ȣ A for  complete syntax). 
   expn-1 [& expnɎȣ]) 

Note that 5ÎÉÃÏÄÅȭÓ ÐÌÅÔÈÏÒÁ ÏÆ ÍÁÔÈÅÍÁÔÉÃÁÌ operators2 fill out the capabilities of 
the approach in representing mathematical expressions in the linear format. 

Precedence simplifies the text representing formulas, but may need to be over-
ruled. To terminate an operand (shown above as, for  example, exp1) that would oth-
erwise combine with the following operand, insert a blank (U+0020). This blank 
ÄÏÅÓ ÎÏÔ ÓÈÏ× ÕÐ ×ÈÅÎ ÔÈÅ ÅØÐÒÅÓÓÉÏÎ ÉÓ ÂÕÉÌÔ ÕÐȢ "ÌÁÎËÓ ÔÈÁÔ ÄÏÎȭÔ ÔÅÒÍÉÎÁÔÅ ÏÐe-
rands may be used to space formulas in addition to the built-in spacing provided by 
a math display engine. 

To form a compound operand, parentheses can be used as described for the 
fraction above. For such operands, the outermost parentheses are removed. These 
operands occur for  fraction numerators and denominators, subscript and super-
script expressions, and arguments of functions like square root. Parentheses ap-
pear ing in other contexts are always displayed in built-up format. 

A curious aspect of the notation is that implied multiplicat ion by juxtaposing 
two variable letters has very high precedence (j ust below that of diacritics), while 
explicit mult iplication by aster isk and raised dot has a precedence equal to that of 
plus. So even though the analysis is similar  to that for ar ithmetic expressions, it dif-
fers occasionally from the latter . 

3.23  Math Features Not I n Linear Format  

A number of math features have been reserved for  a higher level instead of be-
ing included in the linear format. This compromise is made for  the sake of readabili-
ty of the linear format. In addition r ich-text properties are missing such as text and 
background color and font character istics other than the standard Unicode math 
styles. Hence to obtain a full featured mathematical representation with the linear 
format requires that the linear format be embedded in an appropr iate r ich-text en-
vironment. 

Math features currently missing from the linear format include: 
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¶ Arbitrary position tweaks of built-up functions and their  arguments (spac-
ing tweaks and phantoms are included: see Secs. 3.15 and 3.17) 

¶ User-defined soft breaks (U+00AD and U+000B?) 
  

4. Input Methods 
In view of the large number of characters used in mathematics, it is useful to 

give some discussion of input methods. The ASCII math symbols are easy to find, e.g., 
+ - /  * [  ]  ( ) { }, but often need to be used as themselves. To handle these cases and 
to provide convenient entry of many other symbols, one can use an escape character , 
the backslash ( \ ), followed by the desired operator  or its autocorrect name. Note 
that a particular ly valuable use of the near ly plain-text math format in general is for 
inputting formulas into technical documents or programs. In contrast, the direct in-
put of tagged formats like MathML is very cumbersome. 

4.1 ASCII Charact er  Translat ions 

From syntax and typographical points of view, the Unicode minus sign 
(U+2212) is displayed instead of the ASCII hyphen-minus (U+002D) and the pr ime 
(U+2032) is used instead of the ASCII apostrophe (U+0027), but in math zones the 
minus sign and pr ime can be entered using these ASCII counterparts. Note that for 
proper typography, the pr ime should have a large glyph variant that when super-
scripted looks correct. The pr imes in most fonts are chosen to look approximately 
ÌÉËÅ Á ÓÕÐÅÒÓÃÒÉÐÔȟ ÂÕÔ ÔÈÅÙ ÄÏÎȭÔ ÐÒÏÖÉÄÅ ÔÈÅ ÄÅÓÉÒÅÄ ÓÉÚÅ ÁÎÄ ÐÌÁÃÅÍÅÎÔ ÔÏ ÍÅÒÇÅ 
well with other superscr ipts.  

Similar ly it is easier to type ASCII letters than italic letters, but when used as 
mathematical variables, such letters are traditionally italicized in pr int. Accordingly 
a user might want to make italic the default alphabet in a math context, reserving 
the r ight to overrule this default when necessary. A more elegant approach in math 
zones is to translate letters deemed to be standalone to the appropr iate math alpha-
betic characters (i n the range U+1D400ɀU+1D7FF or in the Letter like Block 
U+2100ɂU+213F). Letter combinations corresponding to standard function names 
ÌÉËÅ ȰÓÉÎȱ ÁÎÄ ȰÔÁÎȱ should be represented by ASCII alphabetics. As such they are not 
italicized and are rendered with normal typography, i.e., not mathematical typogra-
phy. Other post-entry enhancements include mappings like 

 
!! ų U+203C 
+- ± U+00B1 
-+  ᴜ U+2213 
:: ḋ U+2237 
:= ḧ U+2254 
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<= Ѕ U+2264 
>= І U+2265 
<< Ḻ U+226A 
>> ḻ U+226B 
/ = Ё U+2260 
~ = ḙ U+2245 

-> З U+2192 
 
)ÔȭÓ ÎÏÔ Á ÇÏÏÄ ÉÄÅÁ ÔÏ ÍÁÐ ȦЀ ÉÎÔÏ Ёȟ ÓÉÎÃÅ Ȧ ÉÓ ÏÆÔÅÎ ÕÓÅÄ ÉÎ ÍÁÔÈÅÍÁÔÉÃÓ ÔÏ ÍÅÁÎ ÆÁc-
tor ial. Also <- ÓÈÏÕÌÄÎȭÔ ÍÁÐ ÉÎÔÏ Е, since expressions like x Ѓ Ϻb are common. If 
ÙÏÕ ÄÏÎȭÔ ÌÉËÅ ÁÎ ÁÕÔÏÍÁÔÉÃ ÔÒÁÎÓÌÁÔÉÏÎ when enter ing math, you can undo the trans-
lation by typing, for  example, Ctr l+z. Suffice it to say that intelligent input algor ithms 
can dramatically simplify the entry of mathematical symbols and expressions. 

4.2 Math Keyboards  

A special math shift facility for  keyboard entry could br ing up proper math 
symbols. The values chosen can be displayed on an on-screen keyboard. For exam-
ple, the left Alt key could access the most common mathematical characters and 
Greek letters, the r ight Alt key could access italic characters plus a variety of arrows, 
and the r ight Ctr l key could access scr ipt characters and other mathematical sym-
bols. The numeric keypad offers locations for  a variety of symbols, such as 
sub/ superscript digits using the left Alt key. Left Alt CapsLock could lock into the 
left-Alt symbol set, etc. This approach yields what one might call a Ȱstickyȱ shift. 
Other possibilit ies involve the NumLock and ScrollLock keys in combinations with 
the left/ r ight Ctr l/ Alt keys. Pretty soon one realizes that this approach rapidly ap-
proaches literally billions of combinations, that is, several orders of magnitude more 
than Unicode can handle! 

4.3 Hexadecimal I nput  

A handy hex-to-Unicode entry method can be used to insert Unicode charac-
ÔÅÒÓ ÉÎ ÇÅÎÅÒÁÌ ÁÎÄ ÍÁÔÈ ÃÈÁÒÁÃÔÅÒÓ ÉÎ ÐÁÒÔÉÃÕÌÁÒȢ "ÁÓÉÃÁÌÌÙ ÏÎÅ ÔÙÐÅÓ Á ÃÈÁÒÁÃÔÅÒȭÓ 
hexadecimal code (i n ASCII), making corrections as need be, and then types Alt+x. 
The hexadecimal code is replaced by the corresponding Unicode character . The 
Alt+x is a toggle, that is, type it once to convert a hex code to a character and type it 
again to convert the character back to a hex code. Toggling back to the hex code is 
very useful for  figur ing out what a character  is if the glyph itself ÄÏÅÓÎȭÔ ÍÁËÅ ÉÔ 
clear or for  looking up the character  properties in the Unicode Standard. If the hex 
code is preceded by one or more hexadecimal digits, select the desired code so that 
ÔÈÅ ÐÒÅÃÅÄÉÎÇ ÈÅØÁÄÅÃÉÍÁÌ ÃÈÁÒÁÃÔÅÒÓ ÁÒÅÎȭÔ ÉÎÃÌÕÄÅÄ ÉÎ ÔÈÅ ÃÏÄÅȢ 4ÈÅ code can 
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range up to the value 0x10FFFF, which is the highest character  in the 17 planes of 
Unicode. 

4.4 Pul l-Down Menus and Toolbars 

Pull-down menus and toolbars are popular methods for handling large charac-
ter  sets, but they tend to be slower than keyboard approaches if you know the r ight 
keys to type. A related approach is the symbol box, which is an array of symbols ei-
ther  chosen by the user or displaying the characters in a font. Symbols in symbol 
boxes can be dragged and dropped onto key combinations on the on-screen key-
board(s), or  directly into applications. Multiple tabs can organize the symbol selec-
tions according to subject matter . On-screen keyboards and symbol boxes are valu-
able for  entry of mathematical expressions and of Unicode text in general. 

4.5 Macros 

The autocorrect and keyboard macro features of some word processing sys-
tems provide other ways of enter ing mathematical characters for people familiar  
with TeX. For example, typing \ alpha inserts ɻ if the appropr iate autocorrect entry 
is present. This approach is noticeably faster than using menus and is par ticular ly 
attractive to those with some familiar ity with TeX. 

4.6 Linear For mat Math Autocor rect List  

The linear format math autocorrect list includes most of those defined in Ap-
pendix F of The TeXbook, like \ alpha for  ɻ, plus a number of others useful for input-
ting the linear format as shown in the following table 

 
Control word Character Control word Character 
\ int Ќ  ɉ5Ϲςςς"Ɋ \ sum В ɉ5ϹςςρρɊ 
\ prod Б ɉ5Ϲςςπ&Ɋ \ naryand Ʋ (U+2592) 
\ funcapply (U+2061)  \ of Ʋ (U+2592) 
\ rect  (U+25AD) \ box ṍ (U+25A1) 
\ open ᶟ (U+251C)  \ close ᶧ (U+2524)  
\ above ᶷ (U+2534)  \ below ᶯ (U+252C)  
\ underbar   (U+2581)  \ overbar  ̄(U+00AF) 
\ underbrace І(U+23DF) \ overbrace Ѕ(U+23DE) 
\ begin ῗ (U+3016) \ end Ῐ (U+3017) 
\ phantom (U+27E1) \ smash (U+2B0D) 
\ hphantom (U+2B04)  \ vphantom (ɕU+21F3) 
\ asmash (U+2B06) \ dsmash (U+2B07) 
\ matr ix Ṍ (U+25A0) \ eqarray Ʈ (U+2588) 
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Appendix B contains a default set of keywords containing both The TeXbook key-
words and the linear format keywords  

Users can define their own control words for  convenience or  preference, such 
as \ a for ɻ, which requires less typing than the official TeX control word \ alpha. This 
also allows localization of the control word list. 

4.7 Handwr it ten I nput  

Particular ly for PDAs and Tablet PCs, handwritten input is attractive provided 
ÔÈÅ ÈÁÎÄ×ÒÉÔÉÎÇ ÒÅÃÏÇÎÉÚÅÒ ÉÓ ÁÂÌÅ ÔÏ ÄÅÃÉÐÈÅÒ ÔÈÅ ÕÓÅÒȭÓ ÈÁÎÄ×ÒÉÔÉÎÇȢ &ÏÒ ÔÈÉÓ Áp-
ÐÒÏÁÃÈȟ ÉÔȭÓ ÄÅÓÉÒÁÂÌÅ ÔÏ ÂÙÐÁÓÓ ÔÈÅ ÌÉÎÅÁÒ ÆÏÒÍÁÔ ÁÌÔÏÇÅÔÈÅÒ ÁÎÄ ÒÅÃÏÇÎÉÚÅ ÂÕÉÌÔ-up 
mathematical expressions. 

5. Recognizing Mathemati cal Expr essions 
Plain-text l inear ly formatted ÍÁÔÈÅÍÁÔÉÃÁÌ ÅØÐÒÅÓÓÉÏÎÓ ÃÁÎ ÂÅ ÕÓÅÄ ȰÁÓ ÉÓȱ ÆÏÒ 

simple documentation purposes.  Use in more elegant documentation and in pro-
gramming languages requires knowledge of the under lying mathematical structure.  
This section descr ibes some of the heur istics that can distill the structure out of the 
plain text. 

Note that if explicit math-zone-on and math-zone-off characters are desired, 
Sec. 2.20 specifies that U+23A8 star ts a math zone and U+23AC ends it. These are 
the left and r ight curly bracket middle pieces, respectively, and would not ordinar ily 
be used in documents. They are designed to be used by display programs in building 
up large curly braces. 

Many mathematical expressions identify themselves as mathematical, obviat-
ing the need to declare them explicit ly as such.  One well-known TeX problem is 
4Å8ȭÓ ÉÎÁÂÉÌÉÔÙ ÔÏ ÄÅÔÅÃÔ ÅØÐÒÅÓÓÉÏÎÓ ÔÈÁÔ ÁÒÅ ÃÌÅÁÒÌÙ ÍÁÔÈÅÍÁÔÉÃÁÌȟ ÂÕÔ ÔÈÁÔ ÁÒÅ ÎÏÔ 
ÅÎÃÌÏÓÅÄ ×ÉÔÈÉÎ ΑȭÓȢ  )Æ ÏÎÅ ÌÅÁÖÅÓ ÏÕÔ Á Α ÂÙ ÍÉÓÔÁËÅȟ ÏÎÅ ÇÅÔÓ many error messages 
because TeX interprets subsequent text in the wrong mode.   

An advantage of recognizing mathematical expressions without math-on and 
math-off syntax is that it is much more tolerant to user errors of this sor t. Resyncing 
is automatic, while in TeX one basically has to star t up again from the omission in 
question. Furthermore, this approach could be useful in an important related en-
deavor, namely in recognizing and converting the mathematical li terature that is not 
yet available in an object-or iented machine-readable form, into that form. 

It is possible to use a number of heur istics for identifying mathematical ex-
pressions and treating them accordingly. These heur istics are not foolproof, but they 
lead to the most popular  choices. Special commands discussed at the end of this sec-
tion can be used to overrule these choices. Ultimately the approach could be used as 
an autoformat style wizard that tags expressions with a r ich-text math style whose 
state is revealed to the user by a toolbar button. The user could then overr ide cases 
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that were tagged incorrectly. A math style would connect in a straightforward way 
to appropr iate MathML tags. 

 The basic idea is that math characters identify themselves as such and poten-
tially identify their  surrounding characters as math characters as well.  For example, 
the fraction ϳ (U+2044) and ASCII slashes, symbols in the range U+2200 through 
U+22FF, the symbol combining marks (U+20D0 ɀ U+20FF), the math alphanumerics 
(U+1D400 ɀ U+1D7FF), and in general, Unicode characters with the mathematics 
property, identify the characters immediately surrounding them as parts of math 
expressions. 

If Latin letter  mathematical variables are already given in one of the math al-
phabets, they are considered parts of math expressions. If they are not, one can still 
have some recognition heur istics as well as the opportunity to italicize appropr iate 
variables. Specifically ASCII letter  pairs surrounded by whitespace are often ma-
thematical expressions, and as such should be italicized in pr int.  If a let ter  pair  fails 
to appear in a list of common English and European two-letter  words, it is treated as 
a mathematical expression and italicized. Many Unicode characters are not mathe-
matical in nature and suggest that their neighbors are not par ts of mathematical ex-
pressions. 

Str ings of characters containing no whitespace but containing one or more un-
ambiguous mathematical characters are generally treated as mathematical expres-
sions.  Certain two-, three-, and four-letter  words inside such expressions should not 
be italicized.  These include tr igonometr ic function names like sin and cos, as well as 
ln, cosh, etc.  Words or abbreviations, often used as subscr ipts (see the program in 
Sec. 6), also should not be italicized, even when they clear ly appear inside mathe-
matical expressions. 

Special cases will always be needed, such as in documenting the syntax itself.  
The literal operator introduced ear lier  (\ ) causes the operator  that follows it to be 
treated as an nonbuildup operator . This allows the pr inting of characters without 
modification that by default are considered to be mathematical and thereby subject 
to a changed display.  Similar ly, mathematical expressions that the algor ithms treat 
as ordinary text can be sandwiched between math-on and math-off symbols or by an 
ordinary text attr ibute if they need to be embedded in the math zone, e.g., in the 
numerator of a fraction. 
 

6. Using the Linear  For mat in Pr ogramming Languages 
)Î ÔÈÅ ÍÉÄÄÌÅ ρωυπȭÓȟ ÔÈÅ ÁÕÔÈÏÒÓ ÏÆ &/242!. Îamed their  computer  language 

after  FORmula TRANslation, but they only went par t way.  Ar ithmetic expressions in 
Fortran and other current high-level languages still do not look like mathematical 
formulas and considerable human coding effor t is needed to translate formulas into 

_Ref334433780
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ÔÈÅÉÒ ÍÁÃÈÉÎÅ ÃÏÍÐÒÅÈÅÎÓÉÂÌÅ ÃÏÕÎÔÅÒÐÁÒÔÓȢ  &ÏÒ ÅØÁÍÐÌÅȟ &ÏÒÔÒÁÎȭÓ ÓÕÐÅÒÓÃÒÉÐÔ 
ÁɕɕË ÉÓÎȭÔ ÁÓ ÒÅÁÄÁÂÌÅ ÁÓ ak ÁÎÄ &ÏÒÔÒÁÎȭÓ ÓÕÂÓÃÒÉÐÔ ÁɉËɊ ÉÓÎȭÔ ÁÓ ÒÅÁÄÁÂÌÅ ÁÓ ak. Alfred 
North Whitehead once said that notation is a great teacher and that a perfect nota-
tion would be a substitute for  thought.  From this point of view, modern computer 
languages are badly lacking.  Specialized mathematical applicat ions such Mathema-
tica are substantially better  in this regard. 

Using real mathematical expressions in computer  programs would be far  supe-
r ior  in terms of readability, reduced coding times, program maintenance, and 
streamlined documentation.  In studying computers we have been taught that this 
ideal is unattainable, and that one must be content with the ar ithmetic expression as 
it is or  some other non-mathematical notation such as TeXȭÓȢ  )ÔȭÓ ×ÏÒÔÈ reexamining 
this premise.  Whereas true mathematical notation clear ly used to be beyond the 
capabilities of machine recognition, weȭÒÅ ÇÅÔÔÉÎÇ Á ÌÏÔ ÃÌÏÓer now. 

In general, mathematics has a very wide variety of notations, none of which 
look like the ar ithmetic expressions of programming languages.  Although ultimately 
it would be desirable to be able to teach computers how to understand all mathe-
matical expressions, we star t with our Unicode linear format. 

6.1 Advantages of Linear Format i n Programs 

In raw form, these expressions look very like traditional mathematical expres-
sions.  With use of the heur istics described above, they can be pr inted or displayed 
in traditional built-up form.  On disk, they can be stored in pure-ASCII program files 
accepted by standard compilers and symbolic manipulation programs like Der ive, 
Mathematica, and Macsyma.  The translation between Unicode symbols and the AS-
CII names needed by ASCII-based compilers and symbolic manipulation programs 
can be carr ied out via table-lookup (on wr iting to disk) and hashing (on reading 
from disk) techniques. 

Hence formulas can be at once pr intable in manuscripts and computable, ei-
ther  numer ically or analytically. Note that this is a goal of MathML as well, but at-
tained in a relatively complex way using specialized tools. The idea here is that regu-
lar  programming languages can have expressions containing standard ar ithmetic 
operations and special characters, such as Greek, italics, script , and various mathe-
matical symbols like the square root. Two levels of implementation are envisaged: 
scalar  and vector .  Scalar  operations can be performed on traditional compilers such 
as those for  C and Fortran. The scalar  multiply operator  is represented by a raised 
dot, a legitimate mathematical symbol, instead of the aster isk. To keep auxiliary 
code to a minimum, the vector  implementation requires an object-or iented language 
such as C++. 

The advantages of using the plain-text linear format are at least threefold:  
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1)  many formulas in document files can be programmed simply by copying 
them into a program file and inserting appropr iate multiplication dots.  
This dramatically reduces coding time and errors.   

2)  The use of the same notation in programs and the associated journal ar-
ticles and books leads to an unprecedented level of self documentation. In 
fact, since many programmers document their programs poor ly or  not at all, 
this enlightened choice of notation can immediately change near ly useless 
or  nonexistent documentation into excellent documentation.   

3)  In addition to providing useful tools for  the present, these proposed initial  
steps should help us figure out how to accomplish the ultimate goal of 
teaching computers to understand and use arbitrary mathematical expres-
sions. Such machine comprehension would greatly facilitate future compu-
tations as well as the conversion of the existing paper literature and hand 
wr itten input into machine usable form. 

The concept is por table to any environment that supports Unicode, and it takes 
advantage of the fact that high-ÌÅÖÅÌ ÌÁÎÇÕÁÇÅÓ ÌÉËÅ # ÁÎÄ &ÏÒÔÒÁÎ ÁÃÃÅÐÔ ÁÎ ȰÅÓÃÁÐÅȱ 
ÃÈÁÒÁÃÔÅÒ ɉȰͅȱ ÁÎÄ ȰΑȱȟ ÒÅÓÐÅÃÔÉÖÅÌÙɊ ÔÈÁÔ ÃÁÎ ÂÅ ÕÓÅÄ ÔÏ ÁÃÃÅÓÓ ÅØÔÅÎÄÅÄ ÓÙÍÂÏÌ ÓÅÔÓ 
in a fashion similar  to TeX.  In addition, the buil t-in C preprocessor allows niceties 
such as aliasing the aster isk ith a raised dot, which is a legitimate mathematical 
symbol for multiplication. The Java and C# languages allow direct use of Unicode 
variable names, which is a major  step in the r ight direction. Compatibili ty with un-
enlightened ASCII-only compilers can be done via an ASCII representation of Un-
icode characters. 

6.2 Compari son of Programming Notations 

To get an idea as to the differences between the standard way of programming 
mathematical formulas and the proposed way, compare the following versions of a 
C++ routine entitled IHBMWM (inhomogeneously broadened multiwave mixing)  
 
void IHBMWM(void) 
{ 
 gammap = gamma*sqrt (1 + I2); 
 upsilon = cmplx(gamma+gamma1, Delta); 
 alphainc = alpha0*(1-(gamma*gamma*I2/ gammap)/ (gammap + upsilon)); 
 
 if (!gamma1 && fabs(Delta*T1) < 0.01)  
  alphacoh = -half*alpha0*I2*pow(gamma/ gammap, 3); 
 else 

{ 
  Gamma = 1/ T1 + gamma1; 
  I2sF = (I2/ T1)/ cmplx(Gamma, Delta); 
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  betap2 = upsilon*(upsilon + gamma*I2sF); 
  beta = sqrt (betap2); 
  alphacoh = 0.5*gamma*alpha0*(I2sF*(gamma + upsilon)  
    / (gammap*gammap ɀ betap2))  
    *((1+gamma/ beta)*(beta ɀ upsilon)/ (beta + upsilon)  
    - (1+gamma/ gammap) *(gammap ɀ upsilon)/  
    (gammap + upsilon)); 
 } 
 alpha1 = alphainc + alphacoh; 
} 
 
void IHBMWM(void) 
{ 
 ‎= ‎ɆЍ(1+ Ὅ2) ; 
 ‡= ‎+ ‎1Ӟ+ ὭɆɝ; 
 ‌_inc = ‌0Ɇ(1 (‎Ɇ‎ɆὍ2 / ‎ȭ)/ (‎ȭ+ ‡)); 
 if (!‎1  || fabs(ɝɆὝ1) < 0.01)  

 ‌_coh = .5Ɇ‌0ɆὍ2 Ɇpow(‎/‎ȭ,3); 
 else 

{ 
  ῲ= 1/ Ὕ1 + ‎1 ; 
  Ὅ2ꞈ= (Ὅ2/ Ὕ1) / (ɜ+ ὭɆɝ); 

‍2 = ‡Ɇ(‡+ ‎ɆὍ2 )ꞈ ; 
  ‍= Ѝ‍2; 
  ‌coh = .5Ɇ‎Ɇ‌0Ɇ(Ὅ2 (ꞈ‎+ ‡)/ (‎ȭɆ‎ȭ ‍2) ) 
   × ((1 + ‎/‍) Ɇ(‍ ‡)/ (‍+ ‡) (1 + ‎/‎ȭ) Ɇ(‎ȭ ‡)/ (‎ȭ+ ‡)) ; 
 } 
 ‌1 = ‌inc + ‌coh ; 
} 
 
The above function runs fine with current C++ compilers, but C++ does impose some 
ser ious restr ictions based on its limited operator  table.  For example, vectors can be 
ÍÕÌÔÉÐÌÉÅÄ ÔÏÇÅÔÈÅÒ ÕÓÉÎÇ ÄÏÔȟ ÃÒÏÓÓȟ ÁÎÄ ÏÕÔÅÒ ÐÒÏÄÕÃÔÓȟ ÂÕÔ ÔÈÅÒÅȭÓ ÏÎÌÙ ÏÎÅ ÁÓÔe-
r isk to over load in C++.  In built-up form, the function looks even more like mathe-
matics, namely 
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void IHBMWM(void) 
{ 
 ‎= ‎Ɇ 1 + Ὅ2 ; 
 ‡= ‎+ ‎1 + ὭɆɝ; 
 ‌inc = ‌0Ɇ1 ‎Ɇ‎ɆὍ2 / ‎ȭ

‎ȭ+ ‡ ; 
 if (!‎1 || fabs(ɝɆὝ1) < 0.01)  

 ‌coh = .5Ɇ‌0ɆὍ2 Ɇɉ‎/‎ȭɊ3; 
 else 

{ 
  ɜ= 1/ Ὕ1 + ‎1; 
  Ὅ2ꞈ= Ὅ2/ Ὕ1

ɜ+ ὭɆɝ; 
‍2 = ‡Ɇ(‡+ ‎ɆὍ2 )ꞈ ; 

  ‍= ‍2; 

  ‌coh = .5Ɇ‎Ɇ‌0ɆὍ2
ɉꞈ‎+ ‡Ɋ

‎ȭɆ‎ȭ ‍2 1 + ‎‍ Ɇ
‍ ‡
‍+ ‡ 1 + ‎‎ᴂ Ɇ

‎ȭ ‡
‎ȭ+ ‡ ; 

 } 
 ‌1 = ‌inc + ‌coh ; 
} 

The ability to use the second and third versions of the function was built into 
the PS Technical Word Processor circa 1988.  With it we already came much closer 
to true formula translation on input, and the output is displayed in standard ma-
thematical notat ion. Lines of code can be previewed in built-up format, complete 
with fraction bars, square roots, and large parentheses. To code a formula, one cop-
ies it from a technical document, pastes it into a program file, inserts appropr iate 
raised dots for multiplicat ion and compiles. No change of variable names is needed. 
Call that 70% of true formula translation! In this way, the C++ function on the pre-
ceding page compiles without modification. The code appears near ly the same as the 
formulas in pr int [see Chaps. 5 and 8 of Meystre and Sargent7] . 

 Questions remain such as to whether subscript expressions in the Unicode 
plain text should be treated as part of program-variable names, or whether they 
should be translated to subscr ipt expressions in the target programming language. 
Similar ly, it would be straightforward to automatically insert an aster isk (i ndicating 
multiplicat ion)  between adjacent symbols, rather than have the user do it. However 
here there is a major  difference between mathematics and computation: symbolical-
ly, multiplicat ion is infinitely precise and infinitely fast, while numer ically, it takes 
time and is restr icted to a binary subset of the rationals with limited (although 
usually adequate) precision. Consequently for  the moment, at least, it seems wiser  
to consider adjacent symbols as part of a single var iable name, just as adjacent ASCII 
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letters are part of a var iable name in current programming languages. Perhaps intel-
ligent algor ithms will be developed that decide when multiplication should be per-
formed and insert the aster isks optimally. 

6.3 Expor t to TeX 

Export to TeX is similar  to that to programming languages, but has a modified 
set of requirements. With current programs, comments are distilled out with dis-
tinct syntax.  This same syntax can be used in the linear format, although it is inter-
esting to think about submitting a mathematical document to a preprocessor that 
can recognize and separate out programs for  a compiler . In this connection, compi-
ler  comment syntax is not par ticular ly pretty; ruled boxes around comments and 
vertical dividing lines between code and comments are noticeably more readable. So 
some refinement of the ways that comments are handled would be very desirable. 
For example, it would be nice to have a ver tical window-pane facili ty with syn-
chronous window-pane scrolling and the ability to display C code in the left pane 
and the corresponding / /  comments in the r ight pane.  Then if one wants to see the 
comments, one widens the r ight pane accordingly.  On the other hand, to view lines 
×ÉÔÈ ÍÁÎÙ ÃÈÁÒÁÃÔÅÒÓ ÏÆ ÃÏÄÅȟ ÔÈÅ ȾȾ ÃÏÍÍÅÎÔÓ ÎÅÅÄÎȭÔ ÇÅÔ ÉÎ ÔÈÅ ×ÁÙȢ 

With TeX, the text surrounding the mathematics is par t and parcel of the tech-
ÎÉÃÁÌ ÄÏÃÕÍÅÎÔȟ ÁÎÄ 4Å8 ÎÅÅÄÓ ÉÔÓ ΑȭÓ ÔÏ ÄÉÓÔÉÎÇÕÉÓÈ ÔÈÅ Ô×ÏȢ 4ÈÅÓÅ ÃÁÎ ÂÅ ÉÎÃÌÕÄÅÄ 
in the plain text, but we have repeatedly pointed out how ugly this solution is. The 
heur istics described above go a long way in determining what is mathematics and 
what is natural language. Accordingly, the export method consists of identifying the 
ÍÁÔÈÅÍÁÔÉÃÁÌ ÅØÐÒÅÓÓÉÏÎÓ ÁÎÄ ÅÎÃÌÏÓÉÎÇ ÔÈÅÍ ÉÎ ΑȭÓȢ 4ÈÅ ÓÐÅÃÉÁÌ ÓÙÍÂÏÌÓ ÁÒÅ ÔÒÁÎs-
lated to and from the standard TeX ASCII names via table lookup and hashing, as for 
the program translations.  Better  yet, TeX should be recompiled to use Unicode. It 
would be nice to have dedicated Unicode characters for  this purpose particular ly 
when the math zones have been reliably determined. Alternatively one can use La-
4Å8ȭÓ \ɍȣ\ ] open/ close approach. 

Export to MathML also requires knowing the star t and end of a math zone. The 
built-up functions all have corresponding MathML entities. In addition one needs to 
tag numbers, operators, and identifiers. 
 

7. Conclusions 
We have shown how with a few additions to Unicode, mathematical expres-

sions can usually be represented with a readable Unicode near ly plain-text format, 
which we call the linear format. The text consists of combinations of operators and 
operands. A simple operand consists of a span of non-operators, a definition that 
substantially reduces the number of parenthesis-overr ide pairs and thereby in-
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creases the readability of the plain text. To simplify the notation, operators have 
precedence values that control the association of operands with operators unless 
overruled by parentheses. Heur istics can be applied to Unicode plain text to recog-
nize what par ts of a document are mathematical expressions. This allows the Un-
icode plain text to be used in a variety of ways, including in technical document 
preparation particular ly for  input purposes, symbolic manipulation, and numer ical 
computation. 

A variety of syntax choices could be used for  a linear format. The choices made 
in this paper favor efficient input of mathematical formulae, sufficient generality to 
support high-quality mathematical typography, the ability to round tr ip elegant ma-
thematical text at least in a r ich-text environment, and a format that resembles a 
real mathematical notation. Obviously compromises between these goals had to be 
made. 

The heur istics given for  recognizing mathematical expressions work well, but 
they are not infallible. An effective use of the heur istics would be by an autoformat-
ting wizard that delimits what i t thinks are math zones with on/ off codes or  a cha-
racter-format attr ibute. The user could then overrule any incorrect choices. Once 
the math zones are identified unequivocally, export to MathML, compilers, and other 
consumers of mathematical expressions is straightforward.  
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Appendix A. Linear  For mat Grammar 
This grammar is somewhat simplified compared to the model in the text. 
 
char  Е Unicode character 
space Е ASCII space (U+0020) 
ɻ!3#)) Е ASCII A-Z a-z 
nASCII Е ASCII 0-9 
ɻÎ-ÁÔÈ Е Unicode math alphanumeric (U+1D400 ɀ U+1D7FF with some 

Letter like symbols U+2102 ɀ U+2134) 
ɻÎ/ÔÈÅÒ Е Unicode alphanumeric not including ɻÎ-ÁÔÈ nor nASCII 
ɻÎ Е ɻÎ-ÁÔÈ | ɻÎ/ÔÈÅÒ 
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diacrit ic Е Unicode combining mark 
opArray Е ȬǪȭ ȿ 64 ȿ ȬṌȭ 
opClose Е ȬɊȭ ȿ ȬɎȭ ȿ Ȭɒȭ ȿ ȬỚȭ 
opCloser  Е opClose ȿ Ȱ\ÃÌÏÓÅȱ 
opDecimal Е ȬȢȭ ȿ Ȭȟȭ 
opHbracket Е Unicode math hor izontal bracket 
opNary Е Unicode integrals, summation, product, and other nary ops 
opOpen Е Ȭɉȭ ȿ Ȭɍȭ ȿ Ȭɑȭ ȿ Ȭộȭ 
opOpener  Е opOpen ȿ Ȱ\ÏÐÅÎȱ 
opOver  Е ȬȾȭ ȿ Ȱ\ÁÔÏÐȱ 
opBuildup Е Ȭͅȭ ȿ Ȭͮȭ ȿ ȬЍȭ ȿ Ȭʑȭ ȿ Ȭʒȭ ȿ Ȭṍȭ ȿ ȬȾȭ ȿ Ȭȿȭ ȿ opArray | opOpen | opClose | 

opNary | opOver  | opHbracket | opDecimal  
other Е char  ɀ {ɻÎ + nASCII + diacrit ic + opBuildup + CR} 
 

diacrit icbase Е ɻÎ | nASCII ȿ Ȭɉȭ exp ȬɊȭ 
diacrit ics Е diacrit ic | diacrit ics diacrit ic 
atom Е ɻÎ | diacrit icbase diacrit ics 
atoms Е atom | atoms atom 
digits Е nASCII | digits nASCII 
number Е digits | digits opDecimal digits 
 
expBracket Е opOpener  exp opCloser  
 Е  Ȭȿȿȭ exp Ȭȿȿȭ 
 Е  Ȭȿȭ exp Ȭȿȭ 
word Е ɻ!3#)) | ×ÏÒÄ ɻ!3#)) 
scriptbase Е word | word nASCII | ɻÎ-ÁÔÈ | number  | other | expBracket | 

opNary 
soperand Е operand ȿ ȬЊȭ ȿ Ȭ-ȭ operand ȿ Ȱ-Њȱ 
expSubsup Е scriptbase Ȭͅȭ soperand  Ȭͮȭ soperand | 
  scriptbase Ȭͮȭ soperand  Ȭͅȭ soperand 
expSubscript  Е scriptbase Ȭͅȭ soperand 
expSuperscript  Е scriptbase Ȭͮȭ soperand 
expScript  Е expSubsup | expSubscript  | expSuperscript  
 
ent ity Е atoms | expBracket  | number 
factor Е ent ity | ent ity ȬȦȭ ȿ ent ity ȰȦȦȱ ȿ funct ion | expScript 
operand Е factor | operand factor 
box Е Ȭṍȭ operand 
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hbrack Е opHbracket  operand 
sqrt  Е ȬЍȭ operand 
cubert Е Ȭʑȭ operand 
fourthr t Е Ȭʒȭ operand 
nthr t Е ȰҊ(ȱ operand ȬǪȭ operand ȬɊȭ 
funct ion Е sqr t  | cubert | fourthr t | nthr t | box | hbrack 
numerator Е operand | fraction 
fraction Е numerator  opOver  operand 
 
row Е exp | row ȬǪȭ exp 
rows Е row | rows Ȭͽȭ row 
array Е Ȱ\ÁÒÒÁÙɉȱ rows ȬɊȭ 
 
element Е fraction | operand | array 
exp Е element  | exp other element 
 

Appendix B. Character  Keywor ds and Pr oper ti es 
The following table gives the default math keywords, their target characters and 
codes along with spacing and linear-format build-up properties. A full keyword con-
sists of a backslash followed by a keyword in the table. The second column will be 
ÃÏÎÖÅÒÔÅÄ ÔÏ ÔÈÅ ÁÐÐÒÏÐÒÉÁÔÅ ÃÈÁÒÁÃÔÅÒ ÇÌÙÐÈÓ ×ÈÅÎ ÔÈÉÓ ÄÏÃÕÍÅÎÔȭÓ ÆÏÒÍÁÔ ÉÓ Õp-
graded to use the Cambria Math font. 
 
Keyword  Glyph Code Spacin g LF Property 

above ᶷ U+2534 ordinary subsup upper 
acute ǲ U+0301 ordinary accent 
aleph ᴥ U+2135 ordinary operand 
alpha ɚ U+03B1 ordinary operand 
amalg  ʊ U+2210 ordinary nary 
angle Ґ U+2220 relational normal 
aoint ḇ U+2233 ordinary nary 
approx Ђ U+2248 relational normal 
asmash  U+2B06 ordinary encl phantom 
ast  z U+2217 binary normal 
asymp Ḡ U+224D relational normal 
atop ¦ U+00A6 ordinary divide 
bar Ӷ U+0305 ordinary accent 
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Bar  ֞ U+033F ordinary accent 
because ҥ U+2235 relational normal 
begin ῗ U+3016 open open 
below ᶯ U+252C ordinary subsup lower 
beth ᴦ U+2136 ordinary operand 
beta ɛ U+03B2 ordinary operand 
bot ԛ U+22A5 relational normal 
bowtie ẚ U+22C8 relational normal 
box ṍ U+25A1 ordinary encl box 
bra ἂ U+27E8 open open 
breve ȋ U+0306 ordinary accent 
bullet  Ͻ U+2219 binary normal 
cap ҙ U+2229 binary normal 
cbr t  ʑ U+221B open encl root 
cdot ẗ U+22C5 binary normal 
cdots Ễ U+22EF ordinary normal 
check Ǻ U+030C ordinary accent 
chi ʔ U+03C7 ordinary operand 
circ  ʐ U+2218 binary normal 
close ᶧ U+2524 ordinary close 
clubsuit  ǃ U+2663 ordinary normal 
coint Ḇ U+2232 ordinary nary 
cong ḙ U+2245 relational normal 
cup Қ U+222A binary normal 
daleth ᴨ U+2138 ordinary operand 
dashv ṳ U+22A3 relational stretch horz 
Dd  G U+2145 differential operand 
dd  H U+2146 differential operand 
ddddot  U+20DC ordinary accent 
dddot  U+20DB ordinary accent 
ddot ȃ U+0308 ordinary accent 
ddots Ệ U+22F1 relational normal 
degree ° U+00B0 ordinary operand 
Delta ɝ U+0394 ordinary operand 
delta ɝ U+03B4 ordinary operand 
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diamond ẖ U+22C4 binary normal 
diamondsuit ἁ U+2662 ordinary normal 
div ÷ U+00F7 binary normal 
dot ȗ U+0307 ordinary accent 
doteq ḣ U+2250 relational normal 
dots ȣ U+2026 ordinary normal 
downarrow И U+2193 relational normal 
Downarrow ᵽ U+21D3 relational normal 
dsmash  U+2B07 ordinary encl phantom 
ee  I U+2147 ordinary operand 
ell  Љ U+2113 ordinary operand 
emptyset  ɲ U+2205 unary operand 
emsp  U+2003 skip normal 
end Ῐ U+3017 close close 
ensp  U+2002 skip normal 
epsilon צ U+03F5 ordinary operand 
eqarray Ʈ U+2588 ordinary encl eqarray 
eqno # U+0023 ordinary marker 
equiv ӑ U+2261 relational normal 
eta ɠ U+03B7 ordinary operand 
exists ѳ U+2203 unary normal 
forall Ѱ U+2200 unary normal 
funcapply  U+2061 binary subsupFA 
Gamma ɜ U+0393 ordinary operand 
gamma ɜ U+03B3 ordinary operand 
ge І U+2265 relational normal 
geq І U+2265 relational normal 
gets Е U+2190 ordinary stretch hor iz 
gg ӛ U+226B relational normal 
gimel ᴧ U+2137 ordinary operand 
grave Ǯ U+0300 ordinary accent 
hairsp  U+200A skip normal 
hat Ƕ U+0302 ordinary accent 
hbar ᴐ U+210F ordinary operand 
heartsuit  U+2661 ordinary normal 
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hookleftarrow  ɔ U+21A9 relational stretch hor iz 
hookr ightarrow  ᴖ U+21AA relational stretch hor iz 
hphantom  U+2B04 ordinary encl phantom 
hvec  U+20D1 ordinary accent 
ii   J U+2148 ordinary operand 
iii int  2A0C U+2A0C ordinary nary 
iiint  ḁ  U+222D ordinary nary 
iint  Ҝ U+222C ordinary nary 
Im ᴑ U+2111 ordinary operand 
imath ą U+0131 ordinary operand 
in Ѹ U+2208 relational normal 
inc Ў U+2206 unary operand 
infty Њ U+221E ordinary operand 
int  Ќ U+222B ordinary nary 
iota ʅ U+03B9 ordinary operand 
jj   K U+2149 ordinary operand 
jmath 0237 U+0237 ordinary operand 
kappa ʆ U+03BA ordinary operand 
ket ἃ U+27E9 close close 
Lambda ɤ U+039B ordinary operand 
lambda ʇ U+03BB ordinary operand 
langle ἂ U+27E8 open open 
lbrace { U+007B open open 
lbrack [  U+005B open open 
lceil  ổ U+2308 open open 
ldots ȣ U+2026 ordinary normal 
le Ѕ U+2264 relational normal 
leftarrow Е U+2190 relational stretch hor iz 
Leftarrow ᵺ U+21D0 relational stretch hor iz 
leftharpoondown  γ U+21BD relational stretch hor iz 
leftharpoonup  β U+21BC relational stretch hor iz 
leftr ightarrow ź U+2194 relational stretch hor iz 
Leftr ightarrow љ U+21D4 relational stretch hor iz 
leq Ѕ U+2264 relational normal 
lfloor ỗ U+230A open open 
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ll  Ӛ U+226A relational normal 
mapsto  m U+21A6 relational stretch hor iz 
matr ix Ṍ U+25A0 ordinary encl matr ix 
medsp  U+205F Ordinary normal 
mid  ᷄ U+2223 relational list delims 
models Ṻ U+22A8 relational stretch horz 
mp  ᴜ U+2213 unary/b inary unary/b inary 
mu ɥ U+03BC ordinary operand 
nabla ѷ U+2207 unary operand 
naryand Ʋ U+2592 ordinary normal 
nbsp  U+00A0 skip normal 
ne Ё U+2260 relational normal 
nearrow  U U+2197 relational normal 
ni ѻ U+220B relational normal 
norm ᴁ U+2016 ordinary open/ close 
nu ʉ U+03BD ordinary operand 
nwarrow  T U+2196 relational normal 
odot ṩ U+2299 binary normal 
of Ʋ U+2592 ordinary normal 
oint Ҟ U+222E ordinary nary 
oiint  ḃ U+222F ordinary nary 
oiiint  Ḅ  U+ 2230 ordinary nary 
Omega ɱ U+03A9 ordinary operand 
omega ʖ U+03C9 ordinary operand 
ominus Ṧ U+2296 binary normal 
open ᶟ U+251C ordinary open 
oplus ṥ U+2295 binary normal 
oslash Ṩ U+2298 binary normal 
otimes ṧ U+2297 binary normal 
over /  U+002F binarynsp divide 
overbar  ̄ U+00AF ordinary encl overbar 
overbrace  U+23DE ordinary stretch over 
overparen  U+23DC ordinary stretch over 
parallel ҕ U+2225 relational normal 
par tial Ћ U+2202 unary operand 
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phantom  U+27E1 ordinary encl phantom 
Phi ɮ U+03A6 ordinary operand 
phi ה U+03D5 ordinary operand 
Pi ɩ U+03A0 ordinary operand 
pi ʌ U+03C0 ordinary operand 
pm ± U+00B1 unary/b inary unary/b inary 
ppppr ime  U+2057 ordinary Unisubsup 
pppr ime ᴄ U+2034 ordinary Unisubsup 
ppr ime ͠ U+2033 ordinary Unisubsup 
prec Ṋ U+227A relational normal 
preceq Ṍ U+227C relational normal 
pr ime ͟ U+2032 ordinary Unisubsup 
prod Б U+220F ordinary nary 
propto ҍ U+221D relational normal 
Psi ɰ U+03A8 ordinary operand 
psi ɰ U+03C8 ordinary operand 
qdr t  ʒ U+221C open encl root 
rangle ἃ U+27E9 close close 
ratio Ḋ U+2236 relational normal 
rbrace } U+007D close close 
rbrack ]  U+005D close close 
rceil Ỗ U+2309 close close 
rddots ễ U+22F0 relational normal 
Re ᴘ U+211C ordinary operand 
rect  U+25AD ordinary encl rect 
r floor Ộ U+230B close close 
rho ʍ U+03C1 ordinary operand 
r ightarrow З U+2192 relational stretch hor iz 
Rightarrow ї U+21D2 relational stretch hor iz 
r ightharpoondown ᵫ U+21C1 relational stretch hor iz 
r ightharpoonup  χ U+21C0 relational stretch hor iz 
sdivide ϳ U+2044 binarynsp divide 
searrow  a U+2198 relational normal 
setminus  ʌ U+2216 binary normal 
Sigma ɫ U+03A3 ordinary operand 
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sigma ɫ U+03C3 ordinary operand 
sim Ḑ U+223C relational normal 
simeq ḗ U+2243 relational normal 
smash  U+2B0D ordinary encl phantom 
spadesuit ǂ U+2660 ordinary normal 
sqcap ṣ U+2293 binary normal 
sqcup Ṥ U+2294 binary normal 
sqr t Ѝ U+221A open encl root 
sqsubseteq ṡ U+2291 relational normal 
sqsuperseteq Ṣ U+2292 relational normal 
star  ẘ U+22C6 binary normal 
subset Ӳ U+2282 relational normal 
subseteq Ӷ U+2286 relational normal 
succ ṋ U+227B relational normal 
succeq ṍ U+227D relational normal 
sum ҁ U+2211 ordinary nary 
superset ӳ U+2283 relational normal 
superseteq ӷ U+2287 relational normal 
swarrow  W U+2199 relational normal 
tau ɬ U+03C4 ordinary operand 
therefore Ҥ U+2234 relational normal 
Theta ɡ U+0398 ordinary operand 
theta ʃ U+03B8 ordinary operand 
thicksp  U+2005 skip normal 
thinsp  U+2006 skip normal 
tilde ǿ U+0303 ordinary accent 
times × U+00D7 binarynsp normal 
to З U+2192 relational stretch hor iz 
top Ṵ U+22A4 relational normal 
tvec  U+20E1 ordinary accent 
underbar  U+2581 ordinary encl under-

bar underbrace  U+23DF ordinary stretch under 
underparen  U+23DD ordinary stretch under 
uparrow Ж U+2191 relational normal 
Uparrow ᵻ U+21D1 relational normal 



 Unicode Nearly Plain Text Encoding of Mathematics 

Unicode Technical Note  45  

updownarrow Ż U+2195 relational normal 
Updownarrow ᵿ U+21D5 relational normal 
uplus Ṟ U+228E binary normal 
Upsilon ɭ U+03A5 ordinary operand 
upsilon ɭ U+03C5 ordinary operand 
varepsilon ɞ U+03B5 ordinary operand 
varphi ɮ U+03C6 ordinary operand 
varpi ɩ U+03D6 ordinary operand 
varrho ɪ U+03F1 ordinary operand 
varsigma ɫ U+03C2 ordinary operand 
vartheta ɡ U+03D1 ordinary operand 
vbar ᶅ U+2502 ordinary list delims 
vdash Ṳ U+22A2 relational stretch horz 
vdots ể U+22EE relational normal 
vec ᴆ U+20D7 ordinary accent 
vee Ҙ U+2228 binary normal 
vert | U+007C ordinary open/ close 
Vert ᴁ U+2016 ordinary open/ close 
vphantom  ɕ U+21F3 relational encl phantom 
vthicksp  U+2004 skip normal 
wedge җ U+2227 binary normal 
wp ᴕ U+2118 ordinary operand 
wr Ḕ U+2240 binary normal 
Xi ɧ U+039E ordinary operand 
xi ʊ U+03BE ordinary operand 
zeta ʁ U+03B6 ordinary operand 
zwnj  U+200C ordinary normal 
zwsp  U+200B ordinary normal 
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