
 Unicode Nearly Plain Text Encoding of Mathematics 

Unicode Technical Note 28  1  

Unicode Nearly Plain -Text Encoding of Mathematics  
Murray Sargent III 

Office Authoring Services, Microsoft Corporation 

28-Aug-06 

 

1. Introduction  ............................................................................................................ 2 

2. Encoding Simple Math Expressions ...................................................................... 3 

2.1 Fractions .......................................................................................................... 4 

2.2 Subscripts and Superscripts........................................................................... 6 

2.3 Use of the Blank (Space) Character ............................................................... 7 

3. Encoding Other Math Expressions ........................................................................ 8 

3.1 Delimiters ........................................................................................................ 8 

3.2 Literal Operators ........................................................................................... 10 

3.3 Prescripts and Above/Below Scripts .......................................................... 11 

3.4 n-ary Operators ............................................................................................. 11 

3.5 Mathematical Functions ............................................................................... 12 

3.6 Square Roots and Radicals ........................................................................... 13 

3.7 Enclosures ..................................................................................................... 13 

3.8 Stretchy Characters ....................................................................................... 15 

3.9 Matrices ......................................................................................................... 16 

3.10 Accent Operators ....................................................................................... 16 

3.11 Differential, Exponential, and Imaginary Symbols ................................. 17 

3.12 Unicode Subscripts and Superscripts ...................................................... 17 

3.13 Concatenation Operators .......................................................................... 18 

3.14 Comma, Period, and Colon ........................................................................ 18 

3.15 Space Characters ....................................................................................... 19 

3.16 Ordinary Text Inside Math Zones ............................................................ 20 

3.17 Phantoms and Smashes ............................................................................ 21 

3.18 Arbitrary Groupings .................................................................................. 21 

3.19 Equation Arrays ......................................................................................... 22 

3.20 Math Zones ................................................................................................. 22 

3.21 Equation Numbers .................................................................................... 22 

3.22 Linear Format Characters and Operands ................................................ 23 

3.23 Math Features Not In Linear Format ....................................................... 26 

4. Input Methods ...................................................................................................... 26 

4.1 ASCII Character Translations ....................................................................... 26 

4.2 Math Keyboards ............................................................................................ 27 

4.3 Hexadecimal Input  ........................................................................................ 28 

4.4 Pull-Down Menus, Toolbars, Right-Mouse Menus ..................................... 28 



 Unicode Nearly Plain Text Encoding of Mathematics 

2  Unicode Technical Note 28 

4.5 Macros ............................................................................................................ 28 

4.6 Linear Format Math Autocorrect List.......................................................... 29 

4.7 Handwritten Input  ........................................................................................ 29 

5. Recognizing Mathematical Expressions ............................................................. 29 

6. Using the Linear Format in Programming Languages ...................................... 31 

6.1 Advantages of Linear Format in Programs ................................................. 32 

6.2 Comparison of Programming Notations ..................................................... 33 

6.3 Export to TeX ................................................................................................. 35 

7. Conclusions ........................................................................................................... 36 

Acknowledgements ..................................................................................................... 37 

Appendix A. Linear Format Grammar ....................................................................... 37 

Appendix B. Character Keywords and Properties .................................................... 39 

References .................................................................................................................... 47 

 

1. Introduction  

Getting computers to understand human languages is important in increasing 

the utility 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 effort devoted to these areas since the 

early 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 many mathematical expressions 

in readable nearly 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 nearly 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 heuristics 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 

used in ȰÍÁÔÈ ÚÏÎÅÓȱ ÅØÐÌÉÃÉÔÌÙ ÃÏÎÔÒÏÌÌÅÄ ÂÙ ÔÈÅ ÕÓÅÒ either with on-off characters 

as used in TeX or with a character format attribute in a rich-text environment. Use of 

math zones is desirable, since the recognition heuristics 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 rich text properties like text and background col-

ors, font size, footnotes, comments, hyperlinks, etc. In principle 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 rich-text environment, the linear format 

can faithfully represent rich mathematical text, whereas embedded in a plain-text 

environment it lacks most rich-text properties and some mathematical typographi-

cal properties. The linear format is primarily concerned with presentation, but it  has 

some semantic features that might seem to be only content oriented, 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 to 

interoperate with math-oriented programs. 

Most mathematical expressions can be represented unambiguously in the li-

near format, from which they can be exported to [La]TeX, MathML, C++, and symbol-

ic manipulation programs. The linear format borrows notation from TeX for ma-

ÔÈÅÍÁÔÉÃÁÌ ÏÂÊÅÃÔÓ ÔÈÁÔ ÄÏÎȭÔ ÌÅÎÄ ÔÈÅÍÓÅÌÖÅÓ ×ÅÌÌ ÔÏ Á ÍÁÔÈÅÍÁÔÉÃÁÌ ÌÉÎÅÁÒ ÎÏÔÁÔÉÏÎȟ 

e.g., for matrices.  

A variety of syntax choices can be used for a linear format. The choices made in 

this paper favor a number of criteria: efficient input of mathematical formulae, suffi-

cient generality to support high-quality mathematical typography, the ability to 

round trip elegant mathematical text at least in a rich-text environment, and a for-

mat that resembles a real mathematical notation. Obviously compromises between 

these goals had to be made. 

The linear format is useful for 1) inputting mathematical expressions,6 2) dis-

playing mathematics by text engines that cannot display a built -up format, and 3) 

computer programs. For more general storage and interchange of math expressions 

between math-aware programs, MathML and other higher-level languages are pre-

ferred.  

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 Expressions 

Given 5ÎÉÃÏÄÅȭÓ ÓÔÒÏÎÇ ÓÕÐÐÏÒÔ ÆÏÒ ÍÁÔÈÅÍÁÔÉÃÓ2 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 
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for comparison. MathML is more verbose than TeX and some of the comparisons 

ÁÐÐÌÙ ÔÏ ÉÔ ÁÓ ×ÅÌÌȢ .ÏÔ×ÉÔÈÓÔÁÎÄÉÎÇ 4Å8ȭÓ ÐÈÅÎÏÍÅÎÁÌ ÓÕÃÃÅÓÓ ÉÎ ÔÈÅ ÓÃÉÅÎÃÅ ÁÎÄ 

engineering communities, a casual glance at its representations of mathematical ex-

pressions reveals that they do not look very much like the expressions they 

repÒÅÓÅÎÔȢ )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 nearly 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 priority . 

2.1 Fractions  

One way to specify a fraction linearly is La4Å8ȭÓ \ frac{numerator}{denominator} .  

The { } are not printed when the fraction is built up. These simple rules immediately 

ÇÉÖÅ Á ȰÐÌÁÉÎ ÔÅØÔȱ ÔÈÁÔ ÉÓ unambiguous, but looks quite different from the corres-

ponding mathematical notation, thereby making it harder to read. 

Instead we define a simple operand to consist of all consecutive letters and de-

cimal digits, i.e., a span of alphanumeric characters, those belonging to the Lx and Nd 

General Categories (see The Unicode Standard 4.0,1 Table 4-2. General Category). As 

such, a simple numerator or denominator is terminated by most nonalphanumeric 

characters, including, for example, arithmetic operators, the blank (U+0020), and 

Unicode characters in the ranges U+2200ɂU+23FF, U+2500ɂU+27FF, and 

U+2900ɂU+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 a normal-size 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 

ὥ+ὧ

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 right, 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 -ÕÐ ÆÒÁÃÔÉÏÎ ÖÁÒÉÁÔÉÏÎÓ ÁÒÅ ÁÖÁÉÌÁÂÌÅȡ ÔÈÅ ȰÆÒÁÃÔÉÏÎ ÓÌÁÓÈȱ 5Ϲςπττ 

(which one might input by typing \ sdiv) builds up to a skewed fraction, ÔÈÅ ȰÄÉÖÉÓÉÏÎ 

ÓÌÁÓÈȱ 5Ϲςςρυ (\ ldiv) builds up to a potentially large linear fraction, and the circled 

slash Ṩ (U+2298, \ ndiv) builds up a small numeric fraction (although characters 

other than digits can be used as well). The three kinds of built-up fractions are illu-

strated by 
ὥ
ὦ+ὧ
Ὠ
Ὡ

+Ὢ
,

ὥ
ὦ+ὧ
Ὠ
Ὡ

+Ὢ
,
ὥ

ὦ+ὧ

Ὠ

Ὡ
+Ὢ   

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 

ὥ+ὦὲ=
ὲ

Ὧ
ὥὯὦὲὯ
ὲ

Ὧ= 0

 

in linear format reads as (see Sec. 3.4 for a discussion of the n-aryand ȰÇÌÕÅȱ opera-

tor Ʋ) 

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

2.2 Subscripts and Superscripts  

3ÕÂÓÃÒÉÐÔÓ ÁÎÄ ÓÕÐÅÒÓÃÒÉÐÔÓ ÁÒÅ Á ÂÉÔ ÔÒÉÃËÉÅÒȟ ÂÕÔ ÔÈÅÙȭÒÅ ÓÔÉÌÌ ÑÕÉÔÅ ÒÅÁÄÁÂÌÅȢ 

Specifically, we introduce a subscript by a subscript operator, which we display as 

the ASCII underscore _ as in TeX. A simple subscript operand consists of the string of 

one or more characters with the General Categories Lx (alphabetic) and Nd (decimal 

digits), as well as the invisible comma. For example, a pair of subscripts, such as ‏‘’ 

is written as ‏_‘’. Similarly, 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 written as ‏_(‘+’) . In addition it is 

worthwhile to treat two more  operators, the comma and the period, in special ways. 

Specifically, if a subscript operand is followed directly by a comma or a period that 

is, in turn, followed by whitespace, then the comma or period appears on line, i.e., is 

treated as the operator that terminates the subscript. However a comma or period 

followed by an alphanumeric is treated as part of the subscript. This refinement ob-

viates the need for many overriding parentheses, thereby yielding a more readable 

linear-format text (see Sec. 3.14 for more discussion of comma and period). 

Another kind of compound subscript is a subscripted subscript, which works 

using right-to-left associativity, e.g., a_b_c stands for ὥὦὧ.  Similarly a^b^c stands for 

ὥὦ
ὧ
. 

 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 ὥὧ
ὦ (as does a_c^b). The build-

up program is responsible for figuring out what the subscript 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-oriented 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 written with the linear format ὡ̂3‍_2„1”1‏, where Unicode 

numeric subscripts are used. In TeX, one types 
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$W^{3\ beta}_{\ delta_1\ rho_1\ sigma_2}$ 

 

The TeX version looks simpler using UnicodÅ ÆÏÒ ÔÈÅ ÓÙÍÂÏÌÓȟ ÎÁÍÅÌÙ Α7ͮɑσɼ}_{ɿ_1 

ʍ_ʎͅςɒΑ ÏÒ Α7ͮɑσɼ}_{ɿ1ʍ1ʎ2}$, since Unicode has a full set of decimal subscripts and 

superscripts. As a practical matter, numeric subscripts are typically entered using 

an underscore and the number followed by a space or an operator, so the major 

simplification is that fewer brackets are needed. 

For the ratio 
‌2

3

‍2
3 +‎2

3 

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

reads as 

$$\ alpha_2̂ 3 \ over \ beta_2̂ 3 + \ gamma_2̂3$$· 

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 

7ͅɿ1ʍ1ʎ2σͮɼЀ5ͅɿ1ʍ1σͮɼϹρȾψʌͮς қ_ɻ1ɻͮ2ƲÄɻȭ2 ɍɉ5ͅɿ1ʍ1ςͮɼ-ɻȭ2 

5ͅʍ1ʎ2ρͮɼɊȾ5ͅʍ1ʎ2πͮɼɎ 

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}} \ right] $$ . 

 

2.3 Use of the Blank (Space) Character 

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 

space character is very useful for delimiting the operands of the linear-format nota-
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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 ÒÅÐÌÁÃÅÓ ÔÈÅ 

\ alpha. Similarly 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 start of 

the numerator. Similarly if a space is used before a function-apply construct (see Sec. 

3.5) or before above/below scripts (see Sec. 3.3), it is eliminated since it delimits the 

start of those constructs.  

In a nested subscript/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 ÁÎÄ ÔÈÅ Ìi-

ÎÅÁÒ ÆÏÒÍÁÔȭÓ ÉÓ Ôhat in TeX, blanks are invariably eliminated in built-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 overriding the algorithm 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, period, and colon in various con-

texts (see Sec. 3.14). 

 

3. Encoding Other Math Expressions 

The previous section describes 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 Delimiters  

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 

ËÉÎÄÓ ÏÆ ÄÅÌÉÍÉÔÅÒÓȢ &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 superscript. 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 charactersɜ  and 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. If used before any 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 

|ὼ| =
ὼ if ὼ 0
ὼ if ὼ< 0

 , 

which has the linear format Ȱ|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 interpreting  the pair as a single delimiter. 

See also Sec. 3.18 on how to make arbitrary groupings. If aᶟ needs to be treated as 

an empty open delimiter when it appears before a delimiter like | or ], follow theɜ  

by a space to force the open-delimiter inte rpretation.  

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 ordinarily built -up text such as in a WYSIWYG math system. TeX uses 

\ left and \ right for this purpose instead of \ open and \ close. We use the latter since 

they apply to right-to-left mathematics used in many Arabic locales as well as to the 

usual left-to-right 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 vertical bar is a close |. Specifically, the first appearance is considered to be an 

open | (unless subscripted or superscripted), the next a close | (unless following an 

operator), the next an open |, and so forth. 

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 clarifying parentheses by noting that a vertical bar | directly fol-

lowing an operator is an open |. But the example |a|bϺc|d| needs the clarifying pa-

rentheses since it can be interpreted as either (|a|bɊϺɉc|d|) or |a(|bϺc|)d|. The usual 
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algorithm gives the former, so if one wants the latter without the inner parentheses, 

one can type |(a|bϺc|d)| . 

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 vertical bars can be input using the ASCII vertical bar. 

If a | is followed by a subscript and/or a superscript and has no corresponding 

open |, it is treated as a script base character, i.e., not a delimiter. Its built -up size 

should be the height of the integral sign in the current display/inline mode. 

The Unicode norm delimiter U+2016 (ᴁ or \ norm) has the same open/close 

definitions  as the absolute value character | ÅØÃÅÐÔ ÔÈÁÔ ÉÔȭÓ ÁÌ×ÁÙÓ ÃÏÎÓÉÄÅÒÅÄ ÔÏ ÂÅ 

a delimiter. 

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 \ vbar, which is represented by the box drawings 

light vertical characterᶅ(U+2502). We tried 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. And one might want to interpret the | in (a|b) as an open delimiter 

×ÉÔÈ Ɋ ÁÓ ÔÈÅ ÃÏÒÒÅÓÐÏÎÄÉÎÇ ÃÌÏÓÅ ÄÅÌÉÍÉÔÅÒȟ ×ÈÉÌÅ ÔÈÅ ɉ ÉÓÎȭÔ ÙÅÔ ÍÁÔÃÈÅÄȢ )Æ ÓÏȟ ÐÒe-

cede the | byɜ , i.e., (ɜ |b). 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 | Ὢὼ= 0}. This separator also grows in size to match the 

surrounding brackets and is spaced as a relational. 

3.2 Literal Operators  

Certain operators like brackets, braces, parentheses, superscript, subscript, 

integral, etc., have special meaning in the linear-format notation. In fact, even a cha-

ÒÁÃÔÅÒ ÌÉËÅ ȬϹȭȟ ×ÈÉÃÈ ÄÉÓÐÌÁÙÓ ÔÈÅ ÓÁÍÅ glyph in linear format as in built-up form 

(aside from a possible size reduction), plays a role in the linear format in that it ter-

minates an operand. To remove the linear-format role of such an operator, we pre-

cede it  ÂÙ ÔÈÅ ȰÌÉÔÅÒÁÌ ÏÐÅÒÁÔÏÒȱȟ ÆÏÒ ×ÈÉÃÈ the backslash \  is handy. So \ [ is displayed 

as an ordinary left square bracket, with no attempt by the build-up software to 

match a corresponding right square bracket. Such quoted operators are automatical-

ly included in the current operand. 
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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 appropriate operator characters. A slight excep-

tion to the single-character operator rule occurs for accent operators that are ap-

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 advantage 

of using operator characters rather than control words is that the build-up 

processing is simplified and therefore faster. 

3.3 Prescripts and Above/Below Scripts  

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.. Variables 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 

limὲOЊὥὲ 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 

accessible by the usual subscript operator _. So in display mode, limὲOЊὥὲ 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, ordinarily this choice is only for display-mode math. 

When inline, below- and abovescripts entered with _ and ^ are shown as subscripts 

and superscripts, 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 Operators  

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 ÔÈÅÓÅ 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 
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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 

ὼὨὼ

ὼ2 +ὥ2

ὥ

0

 

where x xH/ (x^2+a^2) is the integrand and  H is the Unicode differential character 

U+2146. 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. Notice that the H  character automati-

cally leads to a small space between the ὼ and the Ὠὼ and by default displays as a 
math-italic Ὠ when it appears in a math zone. 

To delimit more complicated n-aryands without using parentheses or brackets 

of some kind, use the \ begin \ end (ῗῘsee Sec. 3.18) delimiters, which disappear 

on build up.  

Since \ÎÁÒÙÁÎÄ ÉÓÎȭÔ ÔÈÅ ÍÏÓÔ ÉÎÔÕÉÔÉÖÅ ÎÁÍÅȟ the alias \ of can be used. This al-

so works as an alias for \ funcapply in math function contexts (see Sec. 3.5). This 

ÁÌÉÁÓ ÉÓ ÍÏÔÉÖÁÔÅÄ ÂÙ ÓÅÎÔÅÎÃÅÓ ÌÉËÅ Ȱ4ÈÅ ÉÎÔÅÇÒÁÌ ÆÒÏÍ π ÔÏ Â of xdx is one-half b 

ÓÑÕÁÒÅÄȢȱ 

Sometimes one wants to control the positions of the limit expressions explicit-

ly aÓ ÉÎ ÕÓÉÎÇ 4Å8ȭÓ \ limits (upper limit above, lower below) and \ nolimits (upper 

limit as superscript 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  

-ÁÔÈÅÍÁÔÉÃÁÌ ÆÕÎÃÔÉÏÎÓ 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 
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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 subscript 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 

some kind, use theῗ Ῐdelimiters (\ begin \ end) which disappear on build up. If 

ÂÒÁÃËÅÔÓ ÁÒÅ ÕÓÅÄȟ ÔÈÅÙ ÁÎÄ ÔÈÅÉÒ ÉÎÃÌÕÄÅÄ ÃÏÎÔÅÎÔ ÃÏÍÐÒÉÓÅ ÔÈÅ ÆÕÎÃÔÉÏÎȭÓ ÁÒÇÕÍÅÎÔȢ 

For example, sinὼὦ means sinὼ×ὦ. To get sin‫‫0ὸ, where ὸ is part of the 

argument, one can use sin\ funcapply(\ omega-\ omega_0)t, or enclose the argument 

inῗ Ῐdelimiters. 

Since \ÆÕÎÃÁÐÐÌÙ ÉÓÎȭÔ ÔÈÅ ÍÏÓÔ ÉÎÔÕÉÔÉÖÅ ÎÁÍÅȟ \ 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. 

If a function name has a space in it, e.g., 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 

ÕÓÅÄȟ ÉÔ ×ÏÕÌÄ ÉÍÐÌÙ ÂÕÉÌÄ ÕÐ ÏÆ ÔÈÅ ȰÌÉÍȱ ÆÕÎÃÔÉÏÎȢ 

3.6 Square Roots and Radicals 

Square, cube, and quartic roots can be represented by expressions started by 

the corresponding Unicode radical characters Ѝ (U+221A, \ sqrt), ʑ  (U+221B, \ cbrt), 

and ʒ  (U+221C, \ qdrt ). These operators include the operand that follows. Examples 

are Ѝabcȟ Ѝɉa+b) and ʑ (c+d), which display as Ѝὥὦὧ, Ѝὥ+ὦ, and Ѝὧ+Ὠ
3

, respective-

ly. 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 

part of the radicand. For example, Ѝ(ὲ&ὥ+ὦ) displays as Ѝὥ+ὦ
ὲ

. 

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). 
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In general the rectangle function can represent any combination of borders, 

horizontal, vertical, and diagonal strikeouts, 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: 

 

fBoxHideTop   1 

fBoxHideBottom   2 

fBoxHideLeft   4 

fBoxHideRight   8 

fBoxStrikeH  16 

fBoxStrikeV  32 

fBoxStrikeTLBR  64 

fBoxStrikeBLTR  128 

 

It is anticipated that the enclosure format number n is chosen via some kind of 

friendly user interface, 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, actuarial, and el-

lipse can be encoded as for the rectangle operator but using appropriate 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: 

 

nAlignBaseline 0 

nAlignCenter   1 

nSpaceDefault 0 

nSpaceUnary 4 

nSpaceBinary  8 

nSpaceRelational   12 

nSpaceSkip 16 

nSpaceOrd 20 

nSpaceDifferential 24 

nSizeDefault 0 

nSizeText   32 

nSizeScript   64 

nSizeScriptScript  96 
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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), respec-

tively. Here the subscript and superscript operators are used for convenient key-

board entry (and compatibility with TeX); one can also use Sec. 3.3ȭÓ Âe-

low/abovescript operators, respectively. The horizontal 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 horizontally to fit text, such 

as various horizontal 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)  Oὥ+ὦ
ựựự

 

(ὥ+ὦ)  Oὥ+ὦ
ựựự

 

ὥO+ὦ 
ὥ+ὦ
ự 

(Oὥ+ὦ)  
ὥ+ὦ
ự 
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3.9 Matrices  

-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 matrix 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 matrix  array, where n is the maximum 

number of elements in a row and m is the number of rows. The matrix is con-

structed with enough columns to accommodate the row with the largest number of 

entries, with rows having fewer entries given sufficient null entries to keep the table 

n×m. As an example, (ὥ&ὦ@ὧ&Ὠ) displays as 

ὥὦ
ὧὨ

 

3.10 Accent Operators  

Mathematics often has accented characters. Simple primed characters like ὥᴂ 

are represented by the character followed by the Unicode prime U+2032, which can 

be typed in using the ASCII apostrophe '. Double primed characters have two Un-

icode primes, etc. In addition, Unicode has multiple prime characters that render 

with somewhat different spacing than concatenations of U+2032. The primes are 

special in that they need to be superscripted with appropriate use of heavier glyph 

variants (see Sec. 3.12). 

The ASCII asterisk 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 subscript expression. 

For example, a*2 has the linear format version a^*2 or a^(*2). Here for convenience, 

the asterisk 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 math accents are summarized in 

the following table 

 

\ hat U+0302 ὥ 

\ check U+030C ὥ 

\ tilde U+0303 ὥ 

\ acute U+0301 ὥǲ 
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\ grave U+0300 ὥǮ 

\ dot U+0307 ὥ 

\ ddot U+0308 ὥ 

\ dddot U+20DB ὥ 

\ bar U+0304 ὥ 

\ vec U+20D7 ὥᴆ 

 

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. For example, (ὥ+ὦ) Ƕ renders as ὥ+ὦ when built 

up. Special cases of this notation include overscoring (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. 

3.11 Differential, Exponential, and Imaginary 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 K, 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 Gȟ Hȟ Iȟ Jȟ K as 

defined, but in regular US technical publications, these quantities can be rendered as 

math italic. In European technical publications, they are sometimes rendered as 

upright characters. Furthermore the D and d start a differential expression and 

should have appropriate spacing for differentials . The linear format treats these 

symbols as operand characters, but the display routines should provide the appro-

priate glyphs and spacings. See Sec. 3.4 for an example of an integral using H. 

3.12 Unicode Subscripts and Superscripts  

Unicode contains a small set of mostly numeric 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 scripts 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 superscripts or subscripts when built up. Since numeric subscripts and super-
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scripts are very common in mathematics, ÉÔȭÓ ×ÏÒÔÈ×ÈÉÌÅ ÔÒÁÎÓÌÁÔÉÎÇ ÂÅÔ×ÅÅÎ ÓÔÁn-

dard built -up scripts in built-up format and the Unicode scripts in linear format. 

The prime U+2032 and related multiple prime characters should also be 

treated as  superscript operators. Display routines should use an appropriate glyph 

variant to render the superscripted prime. The ASCII apostrophe can be used to in-

put the prime. When it follows a variable, e.g., ὥᴂ, it should be converted into a su-

perscript function with a as the base and the prime as the superscriÐÔȢ )ÔȭÓ ÁÌÓÏ Ém-

portant to merge the prime into a superscript that follows, e.g., ὥᴂ̂ὧ should display 

as ὥᴂὧ, where both the prime and the c are in the same superscript argument. 

3.13 Concatenation Operators  

!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 appropriate 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. 

3.14 Comma, Period, and Colon 

The comma, period, 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). 

 

Period : 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 period is displayed with a small 

space following it. No clause separator option exists for the period. An 

extended decimal-point heuristic useful in calculator scenarios allows 

one to omit a leading 0, e.g., use numbers like .5. For this if the period is 

followed by an ASCII digit and 1) is at the start of a math zone, 2) fol-

lows a built-up math object start character or end-of-argument charac-

ter, or 3) follows any operator except for closers and punctuation, then 

the period should be classified as a decimal point. With this algorithm, 

a/.3 displays as 
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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 Characters 

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. Various space 

width s are defined in the following table, which includes the corresponding MathML 

names having these widths by default 

 

Space Unicode MathML name Autocorrect  

0 em U+200B zero-width space \ zwsp 

1/18 em U+200A veryverythinmathspace \ hairsp 

2/18 em U+200A U+200A verythinmathspace  

3/18 em U+2006 thinmathspace \ thinsp 

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.  
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In math zones, most spacing is automatically implied 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 

the binary property in this context. Accordingly for the text level there is 4/18 th em 

between the a and the +  and between the +  and the b. Similarly there is 5/18 th em 

between the = and the surrounding letters in the equation ὥ=ὦ. A more complete 

table could include properties like math functions (trigonometric functions, etc.), n-

ary operators, tall delimiters, differentials, subformulas (e.g., expression with an 

over brace), binary with no spacing (e.g., /), clause separators, ellipsis, factorial, 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 automatically kerned in 

under the overhang 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 Inside 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 
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"rate"="distance"/ "time". 

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 propert y. This property is exported to plain text started 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 horizontal 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 

 

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 arrow  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 arrow w 0 d yes 

\ dsmash  U+2B07 black down arrow 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 Arbitrary Groupings  

The left/right 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 elimination of outermost parentheses for arguments of fractions, subscripts, 




