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Introduction

This document constitutes the consolidated proposal for completion of the set of mathematical symbols encoded in
I SO/IEC 10646.

Additional aphanumeric symbols were added to the CD for 10646-2, and have been under ballot. This proposal
provides for the complementary set — those math symbols, operators, and delimiters that are currently missing from the
repertoire of math symbols encoded in the BMP of 10646-1.

This proposal isthe culmination of a several-year process of collation and review of mathematical symbols, with close
cooperation between the Unicode Technical Committee and the STIX Project, involving extensive expertise from the
mathematical, scientific, and technical publishing industry. In our opinion, this proposal is now quite mature, having
passed the technical scrutiny of the mathematicians and technical publishing experts of the STIX Project, and the
character encoding scrutiny of the UTC. It is now ready for review and comment by WG2. We urge consideration for a
new subdivision of work for an Amendment to 10646-1 to add this repertoire to the UCS, to meet the expressed needs
of the international mathematical, scientific, and technical publishing industry for the representation of mathematics
using the ISO/IEC 10646 character encoding.

The document we present here is divided into six parts:
e Introduction, background, rationale, and references
e Annex 1: Proposal summary form
e Annex 2: Draft charts and names list, enumerating the proposed repertoire
* Annex 3: Relevant excerpts from L2/00-002, to illustrate glyphs currently missing from Annex 2
e Annex 4: Symbol variants defined using a Variation Selector (VS)
* Annex 5: Letters of support from major mathematical organizations

Background

This proposal originated as the work of the STIX Project (Scientific and Technical Information eXchange), a working
group reporting to STIPUB, a consortium of publishers of mathematical, scientific, and technical books and journals.
The ultimate product of the STIX group will be the creation of one comprehensive set of fonts for scientific and
technical publishing. This set of fonts should be adopted and supported by all major STM (scientific, technical, and
mathematics) publishersinternationally. It will also be made available for general use under license but free of charge,
with the explicit aim to ease and foster the uninhibited flow, exchange, and linking of scientific information worldwide.
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The symbol complement of the STIX font set will be based on the symbolsin this proposal aong with many other
symbols already encoded in I1SO/IEC 10646, as well as variant forms not included here (because they are required by
publishing house styles without different meaning from symbols included above). Additional technical symbols from
areas other than mathematics will also be included in the font definitions.

More information about the STIX Project can be found at the STIX web site, hosted by the American Mathematical
Society (AMS): http://www.ams.org/STIX/

The Unicode Technical Committee worked closely with the STIX Project over the past two years, to refine the proposal
into a character encoding proposal, suitable for addition to 1SO/IEC 10646. During this process, duplicates have been
identified and removed, and clarification of distinctions between characters, glyphs, and variants has been made. The
original proposal was divided into two large portions: a proposal for the addition of alphanumeric symbols (under ballot
for the CD for 10646-2), and this proposal for the addition of other mathematical symbols.

Asthis proposal has developed, it has been connected to other standardization efforts, which are now interdependent on
the completion of mathematical symbol encoding in ISO/IEC 10646. In particular, the special problems of handling
technical texts have been examined in detail by the W3C HTML Math Working Group; their MathML proposal, which
isinterdependent with this proposed repertoire of math symbols for | SO/IEC 10646, was accepted as a W3C
Recommendation on 7 April 1998 [see http://www.w3c.org/Math ].The work of the HTML Math Working Group is
also related to the work of the OpenMath Consortium. Major vendors of mathematical formatting software are also
dependent on the resolution of the encoding of additional mathematical symbolsin ISO/IEC 10646-1.

Rationale

Scientific communication and publication viathe World Wide Web are currently hindered by the absence both of
suitable symbol fonts and of recognized methods of indicating particular symbols and their relationships to one another.

The availability of a complete UCS character encoding of mathematical symbols, and of a correlated universal font set
for their rendering will benefit scientific and technical publishing in several ways:

« Elimination of certain legal problems with distributing PDF files and publishing on the World Wide Web
» Ease of exchange of documents from different publishers
e Simpler and more robust re-use of archived material

The STIX Project group has agreed that the basis for the organization of such afont set should be ISO/IEC
10646/Unicode. |SO/IEC 10646 is the reference character set for XML, and therefore for MathML aswell. It isthe
character set of the programming language Java and underlies all current Windows operating systems, as well as many
others. In XML documents, and most importantly for use in MathML, one must be able to identify all notation, either by
numerical character reference or by entity reference. But numerical character references are |SO/I EC 10646 numbers,
since that is the character set underlying XML. If entity names are used, they must still be mapped to something that
applications will be able to handle and render. All of these considerations argue very strongly that the set of
mathematical symbols encoded in the UCS should be completed, so as to enable the representation and presentation of
mathematics and other technical materials dependent on mathematics — both for the World Wide Web and for data
interchange dependent on XML.

In the charts and lists shown in the Annexes, we have included only what we believe to be unique symbols not currently
covered by the repertoire of 1SO/IEC 10646. The language of mathematics is fluid, and symbols are defined in context
to represent particular mathematical concepts. The tool set of an active mathematician ideally consists of several
alphabets, whose members can be distinguished from one another, to represent various classes of variables and
constants, and afairly extensive collection of similarly-sized shapes to represent various operations or delimitation of
expressions. There are of course many fully standardized shapes that are now used almost exclusively to represent
particular operations and relations, but even these are sometimes adopted in fields where they are not already in use and
redefined to have some other particular meaning. For this reason, the names suggested for the symbols listed here arein
some cases not functionally precise; where multiple varying meanings are possible, or a single precise meaning is not
available, the name simply describes the shape of the proposed character.


http://www.ams.org/STIX/
http://www.w3c.org/Math

Math Symbols 2000-03-14

Variants

Many math symbols occur in two or more variant forms, with the same or similar meanings usualy, but not always,
attached to both. In order to accommodate the sometimes strong preferences of authors and publishers, asingle
Variation Selector (VS) is recommended, to be applied to afixed list of symbols with predetermined results. The
Variation Selector follows the symbol whose variant it specifies. As a character by itself, the Variation Selector has no
independent appearance; it only functions to choose a particular variant for the character it follows. Only combinations
defined by the standard should be meaningful. In any other context, the VVariation Selector character should be ignored.

The Variation Selector (VS) in this proposal is completely analogous to the Mongolian Free Variation Selector (MVS)
characters already in | SO/IEC 10646. The difference is merely that the MV S characters are only meaningful in
combination with other Mongolian characters, to select variants of those characters. The VS is separately proposed, for
use in combination with mathematical symbol characters, to select variants of those characters.

The exact list of variants currently known to be required for mathematical, scientific, and technical publishing is shown
in Annex 4.

Letter-like Symbols

For a mathematician or other scientist, al phabets provide the symbols to represent ad hoc variables as well as a number
of more well-defined concepts. Different styles of alphabets have different meanings, some of which have been formally
standardized in some disciplines, but many of which follow only the strength of custom, or even current necessity.

The CD for ISO/IEC 10646-2 includes sets of mathematical al phanumeric symbolsthat are regularly used in
mathematical and technical literature; those alphabets and digits will not be further dealt with here.

There remain, however, some individual |etters from or related to these alphabets that are routinely used in aturned or
inverted orientation, as well as afew symbolsin the style of a particular math al phabet but not part of its normal
alphabetic complement. These are considered distinct letter-like symbols, and are therefore candidates for code
assignments. They are included in this proposal, along with the larger collection of general mathematical symbols and
operators.

Brace Parts

A small collection of brace and bracket parts has also been included in this proposal. These characters are intended to
complete the coverage of the PostScript symbol set, as well as some character-like entities used by TeX and other
technical typesetting systems. These brace parts are explicitly intended as compatibility characters to match those
preexisting repertoires. Their inclusion facilitates the interconversion of data from such systems with systems using the
I SO/IEC 10646 character encoding.

Explanation of Conventions in the Annexes

In Annex 3, four data elements are given for each symbol:

e anarhitrary reference ID indicating location in the corresponding chart

e anasterisk (*) if thereis an existing symbol in Unicode or another symbol in this collection that appears to be
similar

e aoneletter code indicating the class of the symbol

» aproposed name for the symbol (usually based on form; occasionally based on meaning, if dominant)

Note: the proposed name shown in Annex 3 may have been superseded by the name shown in Annex 2. In all cases, the
name shown in Annex 2 should take precedence for this proposal. Annex 3 is only attached because of the difficulty of
completing a high-quality font for Annex 2 in time to meet the deadline for consideration at the Beijing WG2 meeting.

The one-letter codes indicating the class of the symbol are as follows:
N: normal or ordinary; e.g., symbol used as avariable
A: aphabetic; subclass of ordinary
D: diacritic or combining symbol
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P: punctuation

B: binary operator, e.g., <math>a + b</math>

R: relation, e.g., <math>a = b</math>

L: large operator, e.g. sum, product

O: opening delimiter (assuming |eft-to-right presentation)

C: closing delimiter (assuming left-to-right presentation)

F: nondirectional delimiter (fence post)
In Annex 3, the two white and two black squares shown as DXEC, DXED, DXFO0 and DXF1 are meant to form a size-
graded sequence with the present | SO/IEC 10646 squares 25A0, 25A1, 25AA and 25AB. Ideally, the largest should be
just abit larger than 25A0 (but not as large as 2588), and the smallest, just a bit smaller than 25AA (but not quite as
small as the dot operator, 22C5). These are used ad hoc to define various operations, with different sizes often

indicating the degree of conformity to a particular notion. (Several different geometric shapes are used in this manner,
the most common being squares and circles.)
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|SO/IEC JTC 1/SC 2/WG 2
PROPOSAL SUMMARY FORM TO
ACCOMPANY SUBMISSIONS
FOR ADDITIONSTO THE REPERTOIRE
OF |1 SO/IEC 10646

Pleasefill Sections A, B and C below. Section D will befilled by SC 2/WG 2.

For instructions and guidancefor filling in the form please seethe document " Principlesand Proceduresfor
Allocation of New Charactersand Scripts' (http://iwww.dkuug.dk/JT C1/SC2/WG2/pr ot)

A. Administrative

1. Title Proposal for Encoding Additional Mathematical Symbols in the BMP

2. Requester's name: U.S.

3. Requester type (Member body/Liaison/Individual contribution): Member body

4. Submission date: 2000-03-14

5. Requester's reference (if applicable): WG2 N2191

6. This is a complete proposal.

B. Technical - General

1. (Choose one of the following:)



b. The proposal is for addition of character(s) to an existing block.
Name of the existing block:

Greek and Coptic (3)

General Punctuation (14)

Combining Diacritical Marks for Symbols (4)

Letterlike Symbols (15)

Arrows (12)

Mathematical Operators (14)

Miscellaneous Technical (29)

Geometric Shapes (8)

Supplemental Arrows [New block 2900..297F] (128)
Miscellaneous Math Symbols [New block 2980..29FF] (117)
Supplemental Math Operators [New block 2A00..2AFF] (247)

Note that the proposed new blocks are conceptually extensions of the existing Arrows and Mathematical
Operators blocks, and do not constitute new scripts.

2. Number of charactersin proposal: 951

3. Proposed category (see section |1, Character Categories):

4. Proposed Level of Implementation (see clause 15, ISO/IEC 10646-1): Level 3
Isarationale provided for the choice? Yes
If Yes, reference:

The repertoire includes 4 combining characters, which can be used in free combinations with other
existing 10646 characters. Many relational operators are intended to be usable with overlaid combining
marks U+0338 COMBINING LONG SOLIDUS OVERLAY or U+20D2 COMBINING LONG VERTICAL
LINE OVERLAY to productively indicate negation. Finally, the mathematical repertoire in general is
intended for complex rendering, with the productive application of other combining marks to indicate
derivatives, vectors, and many other concepts.

Limited subsets of the mathematical symbols can, of course, be used for Level 1 implementations, but the
repertoire addressed by this proposal is aimed at full and complete mathematical rendering and
interchange. (Note that this proposal encompasses the symbols needed for mathematical content, but is
not intended to cover mathematical markup languages or layout controls.)

5. Isarepertoire including character names provided? Yes. See Annex 2.

a. If YES, arethe namesin accordance with the 'character naming guidelines in Annex K of ISO/IEC 10646-1?
Yes

b. Arethe character shapesattached in areviewable form? Yes. See Annexes 2 and 3.




6. Who will provide the appropriate computerized font (ordered preference: True Type, PostScript or 96x96 bit-
mapped format) for publishing the standard?

The Unicode Consortium, working in collaboration with STIPUB and various professional font vendors.

If available now, identify source(s) for the font (include address, e-mail, ftp-site, etc.) and indicate the tool s used:

7. References:
a. Arereferences (to other character sets, dictionaries, descriptive texts etc.) provided? Yes

c. Arepublished examples (such as samples from newspapers, magazines, or other sources) of use of proposed
characters attached?

No, not in WG2 N2191. However, a very large collection of source citations has been collected by the
STIX Project group of STIPUB. That group constitutes a consortium of mathematical, scientific, and
technical publishers who have refined this repertoire on the basis of their publication requirements for
symbol usage.

8. Special encoding issues:
Use of a VARIATION SELECTOR. The use of this character is described in the proposal.

Doesthe proposal address other aspects of character data processing (if applicable) such asinput, presentation,
sorting, searching, indexing, transliteration etc. (if yes please enclose information)? Yes

There are no new input or presentation issues not already present for the existing repertoire of math
symbols. Sorting, indexing, and transliteration are generally not an issue for math symbols. Some special

letterlike symbols are provided in the repertoire to facilitate searching for some common key mathematical
concepts in text documents.

C. Technical - Justification

1. Has this proposal for addition of character(s) been submitted before? No (with a few exceptions)
If YESexplain.

Note that a few individual characters among the repertoire of 951 may appear in other proposals before
WG2. For example, the Q-shaped koppa letters have independently been requested. Several arrow
characters from a recent Japanese proposal for symbols to cover JIS X 0213 are also included. The vast
majority of the 951 characters in this proposal are requested here for the first time.

2. Has contact been made to members of the user community (for example: National Body, user groups of the script
or characters, other experts, etc.)? Yes

If YES, with whom?



STIPUB (Scientific and Technical Information Publishing Consortium), representing mathematical and
other major technical publishing interests. American Mathematical Society. International Mathematical
Union. major mathematical software vendors. W3C MathML patrticipants.

If YES, available relevant documents? See the references and appended approval letters in the proposal.

3. Information on the user community for the proposed characters (for example: size, demographics, information
technology use, or publishing use) isincluded?

The repertoire is intended for all international mathematical information technology use and for
mathematical, scientific, and technical publishing worldwide. It is intended to complete the base symbol
set for MathML. It is also intended as the underlying symbol encoding for all major mathematical layout
software programs.

Reference:

4. The context of use for the proposed characters (type of use; common or rare):
Common to rare, depending on the particular subfield of mathematics involved.

Reference:

5. Arethe proposed charactersin current use by the user community? Yes
If YES, where?

Books, journals, articles, online documents. Reference: STIPUB can provide voluminous references. This
constitutes the complete world community of mathematical users: all books, journals, magazines, and

other publications in mathematics and scientific and technical disciplines that make use of mathematics,
worldwide.

6. After giving due considerations to the principlesin N 1352 must the proposed characters be entirely in the BMP?
Yes

If YES, isarationale provided? Yes

If YES, reference: See WG2 N2191.

7. Should the proposed characters be kept together in a contiguous range (rather than
being scattered)? Yes and No.

Exact details of the proposed distribution of the characters into existing and new blocks of 10646 are
provided in Annex 2.

8. Can any of the proposed characters be considered a presentation form of an existing character or character



sequence? Yes (a few)

If YES, isarationalefor itsinclusion provided? No

In these instances, the precedents are already clearly established in the standard. For example, a
quadruple integral character is requested; the double and triple integral are already encoded as
characters.

If YES, reference:

9. Can any of the proposed character(s) be considered to be similar (in appearance or function) to an existing
character? Yes

If YES, isarationalefor itsinclusion provided? No, not in detail.

There are numerous instances among mathematical symbols where one symbols is generically similar to
another in appearance, but where it is well understood in mathematical practice to not be the same
symbol. Annex 2 provides a number of cross-references, where there might be confusions regarding the
distinctiveness of a particular character, either with respect to existing encoded characters in 10646, or
with respect to other characters in this proposal. Mathematical symbols are also replete with examples
where the same function can be represented by different symbols. Multiplication, for example, can
already be represented by U+00D7 MULTIPLY or U+2219 BULLET OPERATOR. However, it can also be
represented by a zero-width operator, such as in xy where this expression represents the variable x
multiplied by the variable y. Multiple symbols corresponding to the same abstract mathematical functions
are requested for encoding as separate characters when their form is distinct in different mathematical
traditions or subfields.

If YES, reference:;

WG2 2191 does provide a detailed rationale for the request for two additional sets of squares as
geometric shape characters.

10. Does the proposal include use of combining characters and/or use of composite sequences (see clause 4.11 and
4.13in1SO/IEC 10646-1)? Yes

If YES, isarationale for such use provided? Yes
If YES, reference: See B.4 above.
Isalist of composite sequences and their corresponding glyph images (graphic symbols) provided? No

Such a list would be unmanageably long, since combining marks are intended for productive use in
mathematics.

If YES, reference:

11. Doesthe proposal contain characters with any special properties such as control function or similar semantics?
Yes

If YES, describe indetail (include attachment if necessary)

The VARIATION SELECTOR is described in WG2 N2191, and the list of variants it selects is detailed in



Annex 4.

D. SC 2/IWG 2 Administrative (To be completed by SC
2IWG 2)

1. Relevant SC 2/WG 2 document numbers:

2. Status (list of meeting number and corresponding action or disposition):

3. Additional contact to user communities, liaison organizations etc:

4. Assigned category and assigned priority/time frame:
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File Statistics:

Total Characters: 591
Lines in file: 746

+ Generated: 86

Name lines: 677
Characters: 591
Reserved: 0

Unassigned: 86
Secondary lines: 102
Aliases: 33
Comments: 14
Cross Refs: 41
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Compatibility: 14

Ignored: 0
Header Lines: 53
Blocks: 11
Subheaders: 40
Notices: 0
Title lines: 1
Subtitles: 1
Page breaks: 0
Empty lines: 0
Iso Comments 0

AnnexP Notes 0
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03D8 Greek and Coptic 03F4

Archaic Greek Letters

03D8 O GREEK LETTER Q-KOPPA
03D9 ¢ GREEK SMALL LETTER Q-KOPPA

Greek symbol

03F4 © GREEK THETA SYMBOL WITH STRAIGHT
BAR
— 0472  cyrillic capital letter fita
~(03B8 0
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General Punctuation 206F

2000

206

200 201 202 203 204 205

||||||

||||||

||||||

||||||

||||||

||||||

-

A
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2000

2000 N <reserved>
2001 N <reserved>
2002 N <reserved>
2003 N <reserved>
2004 N <reserved>
2005 N <reserved>
2006 N <reserved>
2007 Y <reserved>
2008 N <reserved>
2009 §y <reserved>
200A N <reserved>
200B Y <reserved>
200C §y <reserved>
200D N <reserved>
200E Y <reserved>
200F N <reserved>
2010 N <reserved>
2011 § <reserved>
2012 § <reserved>
2013 N <reserved>
2014  <reserved>
2015 §y <reserved>
2016 N <reserved>
2017 N <reserved>
2018 N <reserved>
2019 N <reserved>
201A ) <reserved>
201B ) <reserved>
201C Ny <reserved>
201D Yy <reserved>
201E ) <reserved>
201F N <reserved>
2020 N <reserved>
2021 N <reserved>
2022 N <reserved>
2023 N <reserved>
2024 N <reserved>
2025 N <reserved>
2026 N <reserved>
2027 N <reserved>
2028 N <reserved>
2029 N <reserved>
202A N <reserved>
202B N <reserved>
202C ) <reserved>
202D N <reserved>
202E N <reserved>
202F N <reserved>
2030 N <reserved>
2031 N <reserved>
2032 N <reserved>
2033 N <reserved>
2034 N <reserved>
2035 ) <reserved>
2036 N <reserved>
2037 N <reserved>
2038 N <reserved>

PFS. amstt fonts Version 1fixed

General Punctuation

2039 § <reserved>
203A N <reserved>
203B Yy <reserved>
203C N <reserved>
203D N <reserved>
203E N <reserved>
203F N <reserved>
2040 N <reserved>
2041 N <reserved>
2042 N <reserved>
2043 N <reserved>
2044 N <reserved>
2045 N <reserved>
2046 N <reserved>
2047 N <reserved>
2048 N <reserved>
2049 N <reserved>
204A N <reserved>
204B N <reserved>
204C N <reserved>
204D  <reserved>

204E = LOW ASTERISK

204F : REVERSED SEMICOLON

2050 ... EM LEADER

TWO ASTERISKS ALIGNED VERTICALLY
SOLIDUS OVERBAR

REVERSE SOLIDUS WITH HORIZONTAL

2051
2052
2053

PN

STROKE

2055

2058 N <reserved>
2059 Y <reserved>
205A Y <reserved>
205B Ny <reserved>
205C §y <reserved>
205D N <reserved>
205E Ny <reserved>

205F  MEDIUM MATH SPACE
« four-eighteenths of an em

2060 N <reserved>

2061 =i FUNCTION APPLICATION

2054 / BIG SOLIDUS
\ BIG REVERSE SOLIDUS
= z notation schema hiding
2056  TURNED AMPERSAND
2057 ” QUADRUPLE PRIME
~2035 2035

2035

2063

* contiguity operator indicating application of a

function

2062 i INVISIBLE TIMES

* contiguity operator indicating multiplication
2063 =i VARIATION SELECTOR

* in conjunction with preceding character indicates

variant choice
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20D0 Combining Diacritical Marksfor Symbols 20FF

20D 20E 20F

20E5

20E6

20E7

Xy
20E8
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20E5 Combining Diacritical Marksfor Symbols 20ES8

Combining Symbols

20E5 / COMBINING REVERSE SOLIDUS OVERLAY
20E6 | COMBINING DOUBLE VERTICAL STROKE
OVERLAY
= z notation finite function
20E7 ' ANNUITY SYMBOL
= actuarial bend
20E8 . TRIPLE UNDERDOT

PFS. amstt fonts Version 1fixed Printed 17-Mar-2000 7
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L etterlike Symbols

210

211

212

213

214

M

2140

O

2141

> L &

2144

O

2145

2146

2147

1

2148

2149

€

213B

B,

213C

Y

213D

\

I

213E

I1

213F
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L etterlike Symbols

Letterlike symbols

2138
213C
213D
213E
213F
2140
2141
2142
2143
2144
2145
2146
2147
2148

2149
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€

GREEK SYMBOL STRAIGHT EPSILON
~ <font> 03B5 ¢

GREEK SYMBOL REVERSED STRAIGHT
EPSILON

OPEN-FACE GREEK SMALL LETTER GAMMA
~ <font> 03B3 y

OPEN-FACE GREEK CAPITAL GAMMA
~<font> 0393 I

OPEN-FACE GREEK CAPITAL PI

~ <font> 03A0 IT

OPEN-FACE SUM

~ <font> 03A3 X

TURNED SANS SERIF CAPITAL G

= game

TURNED SANS SERIF CAPITAL L
REVERSED SANS SERIF CAPITAL L
INVERTED SANS SERIF CAPITAL Y
CAPITAL DIFFERENTIAL D

~ <font> 0044 D

DIFFERENTIAL D

~ <font> 0064 d

EXPONENTIAL E

~ <font> 0065 e

IMAGINARY |

~ <font> 0069 i

IMAGINARY J

~ <font> 006A j
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219

21A

Arrows

21B 21C 21D

21E

21F

T

21F4

)

21F5

il

21F6

21F7

21F8

21F9

21FA

21FB

21FC

21FD

21FE

21FF
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21F4 Arrows

Arrows

21F4 1 DOWNWARDS WHITE ARROW WITH CORNER
LEFTWARDS

= return

21F5 It DOWNWARDS ARROW LEFTWARDS OF
UPWARDS ARROW

21F6 = THREE RIGHTWARDS ARROWS

21F7 « LEFTWARDS ARROW WITH VERTICAL
STROKE

21F8 - RIGHTWARDS ARROW WITH VERTICAL
STROKE

=z notation partial function
21F9 «+ LEFT RIGHT ARROW WITH VERTICAL
STROKE
=z notation partial relation
21FA «+ LEFTWARDS ARROW WITH DOUBLE
VERTICAL STROKE
21FB + RIGHTWARDS ARROW WITH DOUBLE
VERTICAL STROKE
= z notation finite function
21FC « LEFT RIGHT ARROW WITH DOUBLE
VERTICAL STROKE
= z notation finite relation
21FD —~ LEFTWARDS OPEN-HEADED ARROW
21FE - RIGHTWARDS OPEN-HEADED ARROW
21FF = LEFT RIGHT OPEN-HEADED ARROW
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220

Mathematical Operators

221

222

223

224

225

226

227
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2280

Mathematical Operators

228 229 22A 22B 22C 22D 22E  22F
0
1

2 <

22F2

3 a

22F3

4 a

22F4

5 -

22F5

6 &

22F6

7 €

22F7

8 (=

22F8

9 =

22F9

A —>

22FA

B =)

22FB

C B

22FC

D >

22FD

E =)

22FE

- =

22FF
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22F2

Mathematical Operators

Mathematical operators

22F2 €

22F3 €

22F4

m

22F5
22F6
22F7
22F8
22F9

Mm Im m M M

22FA >
22FB B
22FC 5
22FD >

5

22FE
22FF E

ELEMENT OF WITH LONG HORIZONTAL
STROKE

ELEMENT OF WITH VERTICAL BAR AT END
OF HORIZONTAL STROKE

SMALL ELEMENT OF WITH VERTICAL BAR
AT END OF HORIZONTAL STROKE

ELEMENT OF WITH DOT ABOVE
ELEMENT OF WITH OVERBAR
SMALL ELEMENT OF WITH OVERBAR
ELEMENT OF WITH UNDERBAR

ELEMENT OF WITH TWO HORIZONTAL
STROKES

CONTAINS WITH LONG HORIZONTAL
STROKE

CONTAINS WITH VERTICAL BAR AT END OF
HORIZONTAL STROKE

SMALL CONTAINS WITH VERTICAL BAR AT
END OF HORIZONTAL STROKE

CONTAINS WITH OVERBAR
SMALL CONTAINS WITH OVERBAR
Z NOTATION BAG MEMBERSHIP
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230

Miscellaneous Technical

231

233 234 235

236

237
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2380

238

Miscellaneous Technical

239

23A

23B

23C

23D

23E

23F

)

23A0

23A1

23A2

23A3

23A4

23B4

23A5

23B5

23A6

23B6

23A7

23A8

23A9

23AA

239B

23AB

239C

23AC

—

239D

23AD

-

239E

23AE

239F
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237C Miscellaneous Technical

Miscellaneous technical

237C & RIGHT ANGLE WITH DOWNWARDS ZIGZAG

ARROW

Brace pieces

239B ( LEFT PARENTHESIS UPPER HOOK
239C | LEFT PARENTHESIS EXTENSION
239D \ LEFT PARENTHESIS LOWER HOOK
239E ) RIGHT PARENTHESIS UPPER HOOK
239F | RIGHT PARENTHESIS EXTENSION
23A0 ) RIGHT PARENTHESIS LOWER HOOK
23A1 [ LEFT BRACKET UPPER CORNER
23A2 | LEFT BRACKET EXTENSION
23A3 | LEFT BRACKET LOWER CORNER

] RIGHT BRACKET UPPER CORNER
23A5 | RIGHT BRACKET EXTENSION
23A6 | RIGHT BRACKET LOWER CORNER

[ LEFT CURLY BRACE UPPER HOOK
23A8 { LEFT CURLY BRACE MIDDLE PIECE
23A9 | LEFT CURLY BRACE LOWER HOOK
23AA | CURLY BRACE EXTENSION
23AB | RIGHT CURLY BRACE UPPER HOOK
23AC ¢ RIGHT CURLY BRACE MIDDLE PIECE
23AD ) RIGHT CURLY BRACE LOWER HOOK
23AE | INTEGRAL EXTENSION
23AF  HORIZONTAL LINE EXTENSION

23B0 UPPER LEFT OR LOWER RIGHT BRACE
SECTION

23B1  UPPER RIGHT OR LOWER LEFT BRACE
SECTION
Summation sign parts

23B2  SUMMATION SYMBOL TOP
23B3  SUMMATION SYMBOL BOTTOM

Vertical brackets

23B4 77 TOP SQUARE BRACKET
23B5 _. BOTTOM SQUARE BRACKET
23B6 = BOTTOM ABOVE TOP SQUARE BRACKET
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25FB

25FC

25FD
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25F8 Geometric Shapes

Geometric shapes

25F8 ¥ UPPER LEFT TRIANGLE

25F9 N UPPER RIGHT TRIANGLE

25FA N LOWER LEFT TRIANGLE

25FB L] WHITE MEDIUM SQUARE

25FC Il BLACK MEDIUM SQUARE

25FD « WHITE VERY SMALL SQUARE

25FE « BLACK VERY SMALL SQUARE

25FF © WHITE DIAMOND WITH CENTERED DOT
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2900

Supplemental Arrows

200 291 292 293 294 295 296 297
»ibx O =1
ol P | > P+ | X ~— s
2900 2910 2920 2930 2940 2950 2960 2970
...... RO]]-=
1| N XK -
2901 2911 2921 2931 2941 2951 2961 2971
PR
E T 2R 2 = = >
2902 2912 2922 2932 2942 2952 2962 2972
sl L N > S 21 =
2903 2913 2923 2933 2943 2953 2963 2973
—
4@3)‘9/—?<__>Tﬁ7>
2904 2914 2924 2934 2944 2954 2964 2974
5 w | N Y = L e
2915 2925 2935 2945 2955 2965 2975
pA—
sl > /¢ s — = &
2906 2916 2926 2936 2946 2956 2966 2976
B XL e+ S <
2907 2917 2927 2937 2947 2957 2967 2977
—
sl T/ X ) e T | = 3
2908 2918 2928 2938 2948 2958 2968 2978
— | C
ol } = x| T 1l =S
2909 2919 2929 2939 2949 2959 2969 2979
Al — X =4 = €&
290A 291A 292A 293A 294A 295A 296A 297A
| < %X <= =~ = 2
B \ | e
290B 291B 292B 293B 294B 295B 296B 297B
- 7 —_—
cle- 1 X | =~ I I =¢
290C 291C 292C 293C 294C 295C 296C 297C
D——)*(—Xz;\'l,-[:—;
290D 291D 292D 293D 294D 295D 296D 297D
- > R ol =T
E N
290E 291E 292E 293E 294E 295E 296E 297E
IR I SR A
Fl > |« X L
290F 291F 292F 294F 295F 296F 297F
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2900

Supplemental Arrows

Supplemental arrows
2900 + RIGHTWARDS TWO-HEADED ARROW WITH

2901

2902

2903

2904

2905

2906

2907

2908

2909

290A
290B
290C
290D
290E

290F -

2910

2911 -

2012
2913
2014

2915

2916

2017

29018

2919
201A
2901B
201C
291D
291E
201F

2920

PFS. amstt fonts Version 1fixed

A T A (PN ¢

VERTICAL STROKE

= z notation partial surjection

RIGHTWARDS TWO-HEADED ARROW WITH
DOUBLE VERTICAL STROKE

= z notation finite surjection

LEFTWARDS DOUBLE ARROW WITH
VERTICAL STROKE

RIGHTWARDS DOUBLE ARROW WITH
VERTICAL STROKE

LEFT RIGHT DOUBLE ARROW WITH
VERTICAL STROKE

RIGHTWARDS TWO-HEADED ARROW FROM
BAR

= mapsto

LEFTWARDS DOUBLE ARROW FROM BAR
= maps from

RIGHTWARDS DOUBLE ARROW FROM BAR
= mapsto

DOWNWARDS ARROW WITH HORIZONTAL
STROKE

UPWARDS ARROW WITH HORIZONTAL
STROKE

UPWARDS TRIPLE ARROW
DOWNWARDS TRIPLE ARROW
LEFTWARDS BROKEN ARROW
RIGHTWARDS BROKEN ARROW

- LEFTWARDS DOUBLY BROKEN ARROW

RIGHTWARDS DOUBLY BROKEN ARROW

RIGHTWARDS TWO-HEADED BROKEN
ARROW

RIGHTWARDS ARROW WITH DOTTED STEM
UPWARDS ARROW TO BAR

DOWNWARDS ARROW TO BAR
RIGHTWARDS ARROW WITH TAIL WITH
VERTICAL STROKE

= z notation partial injection

RIGHTWARDS ARROW WITH TAIL WITH
DOUBLE VERTICAL STROKE

= z notation finite injection

RIGHTWARDS TWO-HEADED ARROW WITH
TAIL

= bijective mapping

RIGHTWARDS TWO-HEADED ARROW WITH
TAIL WITH VERTICAL STROKE

= z notation surjective injection

RIGHTWARDS TWO-HEADED ARROW WITH
TAIL WITH DOUBLE VERTICAL STROKE

= z notation finite surjective injection
LEFTWARDS ARROW-TAIL

RIGHTWARDS ARROW-TAIL

LEFTWARDS DOUBLE ARROW-TAIL
RIGHTWARDS DOUBLE ARROW-TAIL
LEFTWARDS ARROW TO FILLED DIAMOND
RIGHTWARDS ARROW TO FILLED DIAMOND
LEFTWARDS ARROW FROM BAR TO FILLED
DIAMOND

RIGHTWARDS ARROW FROM BAR TO FILLED
DIAMOND

2921
2922
2923
2924
2925
2926
2927
2928
2929
292A
292B

292C

292D

292E

292F

2930

2931

2932

2933

2934

2935

2936

2937

2938
2939
293A
293B
293C
293D

293E

293F

2940

2941

2942

2943

2944

2945
2946

XXX X XNCN AN
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2946

NORTH WEST-SOUTH EAST ARROW
NORTH EAST-SOUTH WEST ARROW
NORTH WEST ARROW WITH HOOK
NORTH EAST ARROW WITH HOOK

SOUTH EAST ARROW WITH HOOK

SOUTH WEST ARROW WITH HOOK

NORTH WEST AND NORTH EAST ARROWS
NORTH EAST AND SOUTH EAST ARROWS
SOUTH EAST AND SOUTH WEST ARROWS
SOUTH WEST AND NORTH WEST ARROWS

RISING DIAGONAL CROSSING FALLING
DIAGONAL

FALLING DIAGONAL CROSSING RISING
DIAGONAL

SOUTH EAST ARROW CROSSING NORTH
EAST ARROW

NORTH EAST ARROW CROSSING SOUTH
EAST ARROW

FALLING DIAGONAL CROSSING NORTH
EAST ARROW

RISING DIAGONAL CROSSING SOUTH EAST
ARROW

NORTH EAST ARROW CROSSING NORTH
WEST ARROW

NORTH WEST ARROW CROSSING NORTH
EAST ARROW

WAVE ARROW POINTING DIRECTLY TO THE
RIGHT

— 219D  rightwards wave arrow

ARROW POINTING RIGHTWARDS THEN
CURVING UPWARDS

ARROW POINTING RIGHTWARDS THEN
CURVING DOWNWARDS

ARROW POINTING DOWNWARDS THEN
CURVING LEFTWARDS

ARROW POINTING DOWNWARDS THEN
CURVING RIGHTWARDS

RIGHT-SIDE ARC CLOCKWISE ARROW
LEFT-SIDE ARC ANTICLOCKWISE ARROW
TOP ARC ANTICLOCKWISE ARROW
BOTTOM ARC ANTICLOCKWISE ARROW
TOP ARC CLOCKWISE ARROW WITH MINUS

TOP ARC ANTICLOCKWISE ARROW WITH
PLUS

LOWER RIGHT SEMICIRCULAR CLOCKWISE
ARROW

LOWER LEFT SEMICIRCULAR
ANTICLOCKWISE ARROW

ANTICLOCKW!ISE CLOSED CIRCLE ARROW
— 20DA  combining anticlockwise ring overlay
CLOCKWISE CLOSED CIRCLE ARROW

— 20D9  combining clockwise ring overlay

RIGHTWARDS ARROW ABOVE SHORT
LEFTWARDS ARROW

LEFTWARDS ARROW ABOVE SHORT
RIGHTWARDS ARROW

SHORT RIGHTWARDS ARROW ABOVE
LEFTWARDS ARROW

RIGHTWARDS ARROW WITH PLUS BELOW
LEFTWARDS ARROW WITH PLUS BELOW

21



2947

2947
2948

2949

294A
294B
294C
294D
294E
294F
2950
2951
2952
2953
2954
2955
2956
2957
2958
2959
295A
295B
295C
295D
295E
295F
2960
2961
2962

2963

2964

2965

2966

2967

2968

2969

296A

296B

296C

296D

296E

296F

2970
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Supplemental Arrows

RIGHTWARDS ARROW THROUGH X

SMALL CIRCLE WITH SUPERIMPOSED LEFT
RIGHT ARROW

UPWARDS TWO-HEADED ARROW FROM
SMALL CIRCLE

LEFT-UP-RIGHT-DOWN HARPOON
LEFT-DOWN-RIGHT-UP HARPOON
UP-RIGHT-DOWN-LEFT HARPOON
UP-LEFT-DOWN-RIGHT HARPOON
LEFT-UP-RIGHT-UP HARPOON
UP-RIGHT-DOWN-RIGHT HARPOON
LEFT-DOWN-RIGHT-DOWN HARPOON
UP-LEFT-DOWN-LEFT HARPOON
LEFTWARDS HARPOON-UP TO BAR
RIGHTWARDS HARPOON-UP TO BAR
UPWARDS HARPOON-RIGHT TO BAR
DOWNWARDS HARPOON-RIGHT TO BAR
LEFTWARDS HARPOON-DOWN TO BAR
RIGHTWARDS HARPOON-DOWN TO BAR
UPWARDS HARPOON-LEFT TO BAR
DOWNWARDS HARPOON-LEFT TO BAR
LEFTWARDS HARPOON-UP FROM BAR
RIGHTWARDS HARPOON-UP FROM BAR
UPWARDS HARPOON-RIGHT FROM BAR

DOWNWARDS HARPOON-RIGHT FROM BAR

LEFTWARDS HARPOON-DOWN FROM BAR

RIGHTWARDS HARPOON-DOWN FROM BAR

UPWARDS HARPOON-LEFT FROM BAR
DOWNWARDS HARPOON-LEFT FROM BAR
LEFTWARDS HARPOON-UP ABOVE
LEFTWARDS HARPOON-DOWN
UPWARDS HARPOON-LEFT BESIDE
UPWARDS HARPOON-RIGHT
RIGHTWARDS HARPOON-UP ABOVE
RIGHTWARDS HARPOON-DOWN
DOWNWARDS HARPOON-LEFT BESIDE
DOWNWARDS HARPOON-RIGHT
LEFTWARDS HARPOON-UP ABOVE
RIGHTWARDS HARPOON-UP
LEFTWARDS HARPOON-DOWN ABOVE
RIGHTWARDS HARPOON-DOWN
RIGHTWARDS HARPOON-UP ABOVE
LEFTWARDS HARPOON-UP
RIGHTWARDS HARPOON-DOWN ABOVE
LEFTWARDS HARPOON-DOWN
LEFTWARDS HARPOON-UP ABOVE LONG
DASH

LEFTWARDS HARPOON-DOWN BELOW
LONG DASH

RI