The amsmath package

Frank Mittelbach Rainer Schopf Michael Downes
David M. Jones David Carlisle

Version v2.170, 2023/05/13

This file is maintained by the WTEX Project team.
Bug reports can be opened (category amslatex) at
https://latex-project.org/bugs/.

1 Introduction

A KTEX package named amstex was created in 1988-1989 by adapting
amstex.tex for use within I¥TEX. The amsmath package is the successor of the
amstex package. It was substantially overhauled to integrate it with IATEX2e,
which arrived on the scene in 1994. It provides more or less the same features,
but there are quite a few organizational differences as well as some new fea-
tures and bug fixes. For example, the amstex package automatically loaded
the amsfonts package, but the amsmath package does not. At the present time
(November 1999) user-level documentation of the commands provided here is
found in the AMSmath Users’ Guide, amsldoc.tex.
Standard file identification.
\NeedsTeXFormat{LaTeX2e}/, LaTeX 2.09 can’t be used (nor non-LaTeX)
[1994/12/01]1% LaTeX date must be December 1994 or later

Providing a rollback to earlier version(s)

\providecommand\DeclareRelease [3]{}
\providecommand\DeclareCurrentRelease [2]{}

h
\DeclareRelease{}{2018-12-01}{amsmath-2018-12-01.sty}
\DeclareCurrentRelease{}{2019-04-01}

\ProvidesPackage{amsmath} [2023/05/13 v2.170 AMS math features]

2 Catcode defenses

Some packages change the catcode of characters that are essential in low-level
TEX syntax. Any package that does so does not qualify as a PWWO package
(“Plays Well With Others”) because it can cause other packages to fail if they
are loaded later. IXTEX is partly to blame for this because it fails to provide
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adequate built-in safeguards in the package loading mechanisms. In the absence
of such safeguards, we will provide them here.

\edef\@temp{\catcode 96=\number\catcode 96 }
\catcode\string ‘\‘=12
\def\do#1{\catcode\number ‘#1=\number\catcode ‘#1}
\edef\@temp{’,
\noexpand\AtEnd0fPackage{%
\@temp
\do\"\do\’\do\ (\do\)\do\#\do\+\do\,\do\-\do\.%
\do\/\do\<\do\=\do\>\do\ [\do\]\do\~"\do\_\relax
iy
}
\@temp
\def\do#1{\catcode\number ‘#1=12 }
\do\"\do\’\do\ (\do\)\do\*\do\+\do\, \do\-\do\.
\do\/\do\<\do\=\do\>\do\ [\do\]
\catcode‘\"=7 \catcode‘\_=8

3 Declare some options

Handling of limits on integrals, sums, operatornames.
\DeclareOption{intlimits}{\let\ilimits@\displaylimits}
\DeclareOption{nointlimits}{\let\ilimits@\nolimits}
\DeclareOption{sumlimits}{\let\slimits@\displaylimits}
\DeclareOption{nosumlimits}{\let\slimits@\nolimits}
\DeclareOption{namelimits}{\PassOptionsToPackage{namelimits}{amsopn}}
\DeclareOption{nonamelimits}{%

\PassOptionsToPackage{nonamelimits}{amsopn}}

The following two switches might have been defined already by the docu-
mentclass, but it doesn’t hurt to re-execute the \newif’s.

\newif\ifctagsplit®
\newif\iftagsleft@

Right or left placement of equation numbers.
\DeclareOption{leqno}{\tagsleft@true}
\DeclareOption{reqno}{\tagsleft@false}

\DeclareOption{centertags}{\ctagsplit@true}
\DeclareOption{tbtags}{\ctagsplit@false}

The cmex10 option is an escape hatch for people who don’t happen to have
sizes 7-9 of the cmex fonts available to them yet. (Strictly speaking they are
considered part of a minimum KTEX distribution now, i.e., all IATEX 2¢ users
should have them, without needing to get the AMSFonts distrib.)

\DeclareOption{cmex10}{%
\ifnum\cmex@opt=\C@ne \def\cmex@opt{0}%
\else \def\cmex@opt{10}\fi

}

To help things work out better with various package loading orders of amsmath
and amsfonts, we establish a variable to communicate the status of the cmex
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font definition. If the amsfonts package was loaded first this variable might be
already defined, in which case we want to preserve its value.

\@ifundefined{cmex@opt}{\def\cmexQopt{7}}{}

4 Flush-left equations [DMJ]

The left margin of math enviroments is controlled by \@mathmargin. This
can be set to \@centering to implement the default behaviour, i.e., centered
equations, and to something else to implement the flushleft style.
In theory, all that’s needed to activate the flushleft mode in the AMS docu-
ment classes is something like this:
\DeclareOption{fleqn}{/%
\AtBeginDocument{\@mathmargin30pt\relax}/,
}

(In fact, unless the document class wants to specify the \@mathmargin, it doesn’t
need to do anything with the fleqn option.)
\newif\if@fleqn
%
\newskip\@mathmargin
\@mathmargin\@centering
%
\DeclareOption{fleqn}{/%
\@fleqntrue
\@mathmargin = -1sp
\let\mathindent=\@mathmargin
\AtBeginDocument{’
\ifdim\@mathmargin= -1sp
\@mathmargin\leftmargini minus\leftmargini
\fi
Y

DMJ: This ensures that \@mathmargin is given some sort of sensible default
if the class doesn’t specify one, while still allowing a user to override the default
value in their document preamble. (Incidentally, I'm initializing \@mathmargin
to \leftmargini for compatibility with fleqn.clo, but I'm not at all convinced
that’s the right thing to do.)

The next question is what happens when amsmath is used with one of the
standard classes. Unfortunately, IXTEX implements fleqn somewhat clumsily;
instead of paramaterizing the definitions of the math structures (as I've at-
tempted to do here), fleqn.clo declares a dimen \mathindent that is much
like my \@mathmargin and then redefines \ [, \1, \equation, and \egnarray.
This means that things could get rather messy in 2.09 compatibility mode, since
fleqgn.clo might be loaded after amsmath.sty, which could cause a real mess.

[mjd,1999/07/07]: Let \mathindent = \@mathmargin as envisioned by DM.J.
Compatibility-mode documents will all use the amstex package, not amsmath.
There is a remote chance of a problem if someone makes an assignment to
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\mathindent in a way that implicitly assumes it is a dimen register (inasmuch
as it has now become a skip register), and the string “plus” follows in the input
stream, but if someone’s document croaks in that way, I think they will just
have to bite the bullet and fix it. The alternative is to penalize a lot of other
users with a known handicap.

5 Spacing around \aligned and \gathered

[dpc, 2016] Option to control the space to the left of aligned and gathered.

Previously \aligned and \gathered inserted a thin space on their left but
not their right, there is no good reason for this that anyone can remember, it has
just always been that way inherited from amstex. The usual advice to authors
has been to use \!\begin{aligned} to get better spacing.

Here introduce:

alignedleftspaceyes to keep the behaviour of adding this space.

alignedleftspaceno to disable adding this space.

alignedleftspaceyesifneg the new default behaviour, do not add the
space unless the environment is preceded by a negative skip or kern, so that
\!\begin{aligned} works as before.

\DeclareOption{alignedleftspaceyes}{\def\alignedspace@left{\null\,}}
\DeclareOption{alignedleftspaceno}{\def\alignedspace@left{\null}}
\DeclareOption{alignedleftspaceyesifneg}t{’
\def\alignedspace@left{}
\edef\@tempa{\expandafter\@car\the\lastskip\@nill}y
\if-\@tempa\null\,?
\else
\edef\@tempa{\expandafter\@car\the\lastkern\@nil}%
\if-\@tempa\null\,?
\else\null
\fi
\£i}%
}
\DeclareOption{?}{}

\ExecuteOptions{/,
nointlimits,sumlimits,namelimits,centertags,alignedleftspaceyesifneg}

The \par after \ProcessOptions is to ensure the correct line number on screen
if an error occurs during option processing; otherwise the lookahead for a *
option would result in TEX showing the following line instead.

\ProcessOptions\par

\@ifpackagewith{amsmath}{?}{/%
\typeout{~"J%
Documentation for the amsmath package is found in amsldoc.dvi~~J%
(or .pdf or .tex).""J%
~~J%
See also https://www.ams.org/tex/amslatex.html.”"~J%
~~J%
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Note: Using the first edition of The LaTeX Companion (1994) without~"J%
errata as a guide for amsmath use is not recommended.”"J%

Yh

H%

\typeout{/

For additional information on amsmath, use the \1lq 7\rq\space option.%

Yh

}

Processing to handle the cmex10 option is a little tricky because of different
possible loading orders for amsmath and amsfonts. The package amsmath sets
the \cmex@opt flag to 0, 7 or 10, and in the past the package amsfonts did set
the flag to 1 or 0. These days it always sets it to 10. The situation is a bit
unsettled but we don’t own amsfonts.

\ifnum\cmex@opt=7 \relax

\DeclareFontShape{OMX}{cmex}{m}{n}{/%

<-8>cmex7<8>cmex8<9>cmex9%
<10><10.95><12><14.4><17.28><20.74><24.88>cmex10%

H¥i

\expandafter\let\csname OMX/cmex/m/n/10\endcsname\relax

\else

\ifnum\cmex@opt=\z@ % need to override cmex7 fontdef from amsfonts

Force reloading of the OMX /cmex font definition file.
\begingroup
\fontencoding{OMX}\fontfamily{cmex}%
\expandafter\let\csname OMX+cmex\endcsname\relax
\tryQ@load@fontshape
\endgroup

The cmex10 font gets special preload handling in the building of the ITEX

format file, need an extra bit here to work around that.
\expandafter\let\csname OMX/cmex/m/n/10\endcsname\relax
\def\cmex@opt{10}%

\fi
\fi

6 Call some other packages

The amstext package provides the \text command. The amsbsy package pro-
vides \boldsymbol and \pmb. (Since 1997 it is usually better to use the bm pack-
age instead; but I think we have to keep amsbsy here for backward compatibility
[mjd,1999/11/19].) The amsopn package provides \DeclareMathOperator.

\RequirePackage{amstext}[1995/01/25]

\RequirePackage{amsbsy} [1995/01/20]

\RequirePackage{amsopn} [1995/01/20]

7 Miscellaneous

Where stix and amsmath define the same control sequences, we want to avoid
inadvertently overriding stix’s definitions. If stix is loaded before amsmath,
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the following conditional takes care of the problem. There is similar code in the
stix package in case amsmath is loaded first.

\@ifpackageloaded{stix}{%
\let\ams@newcommand\providecommand
\let\ams@renewcommand\providecommand
\let\ams@def\providecommand
\let\ams@DeclareRobustCommand\providecommand

Hu%
\let\ams@newcommand\newcommand
\let\ams@renewcommand\renewcommand
\let\ams@def\def
\let\ams@DeclareRobustCommand\DeclareRobustCommand
}

Defining this error function saves main mem.
\def\@amsmath@err{\PackageError{amsmath}}

The \AmS prefix can be used to construct the combination \AmS-\LaTeX.

\providecommand{\AmS}{{\protect\AmSfont
A\kern-.1667em\lower.5ex\hbox{M}\kern-.125emS}}

In \AmSfont we call cmsy directly in lieu of trying to access it through the math
fonts setup (e.g. \the\textfont2) because math fonts can’t be relied on to be
properly set up if we are not inside a math formula. This means that if this
command is used in a document where CM fonts are not wanted, then a font
substitution will need to be declared, e.g.:

\DeclareFontShape{OMS}{cmsy{m}{n}{ <-> sub * xxx/m/n }{}

where xxx is some alternate font family. Taking the first letter of \f@series will
produce b or m for the most common values (b,bx,m). It may produce nonsense
for more unusual values of \f@series, so for safety’s sake we have an additional
\1if test. We want to avoid setting the series to bx because in a standard KTEX
installation the combination cmsy/bx/n does not have a font definition, and the
user would get a font substitution warning on screen.
\newcommand{\AmSfont}{%
\usefont{OMS}{cmsy}{\if\@xp\Qcar\f@series\@nil bb\else m\fi}{nl}}

The function \@mathmeasure takes three arguments; the third arg is typeset as
a math formula in an hbox, using arg #2 as the mathstyle, and the result is left
in the box named by the first arg. It is assumed that we are already in math
mode, so we can turn off \everymath (in particular, \check@mathfonts).
As of 2018/12 release we don’t turn off \evermath as this optimization can

be harmful.

\ifx\leavevmode@ifvmode\@undefined 7 kernel is < 2018/12

\def\@mathmeasure#1#2#3{\setbox#1\hbox{\frozen@everymath\@emptytoks

\mO@th$#2#3$}}
\else
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\def\@mathmeasure#1#2#3{\setbox#1\hbox{%
\m@th$#2#3$}}
\fi

The \inf@bad constant is for testing overfull boxes.

\@ifundefined{inf@bad}{%
\newcount\inf@bad \inf@bad=1000000 \relax
H»

7.1 Math spacing commands

Here we fill in some gaps in the set of spacing commands, and make them
all work equally well in or out of math. We want all these commands to be
robust but declaring them all with \DeclareRobustCommand uses up an control
sequence name per command; to avoid this, we define a common command
\tmspace (text-or-math space) which carries the robustness burden for all of
them. The standard \relax before the \ifmmode is not necessary because of
the \protect added by \DeclareRobustCommand.

We start by undefining a number of commands (which in a current BTEX
kernel will be defined, so that the \DeclareRobustCommand declarations below
do not add a “Command redefined” info into the log.

\let\tmspace\Qundefined
\let\, \@undefined
\let\!\@undefined
\let\:\@undefined
\let\negmedspace\@undefined
\let\negthickspace\Qundefined

\ifx\leavevmode@ifvmode\@undefined
\DeclareRobustCommand\tmspace [3]{}
\ifmmode\mskip#1#2\else\kern#1#3\fi\relax}
\else
\DeclareRobustCommand\tmspace [3]{}
\ifmmode\mskip#1#2\else\leavevmode@ifvmode\kern#1#3\fi\relax}
\fi
\DeclareRobustCommand\, {\tmspace+\thinmuskip{.1667em}}
\let\thinspace\,
\DeclareRobustCommand\ ! {\tmspace-\thinmuskip{.1667em}}
\let\negthinspace\!
\DeclareRobustCommand\ : {\tmspace+\medmuskip{.2222em}}
\let\medspace\:
\DeclareRobustCommand\negmedspace{\tmspace-\medmuskip{.2222em}}
\renewcommand\ ; {\tmspace+\thickmuskip{.2777em}}
\let\thickspace\;
\DeclareRobustCommand\negthickspace{\tmspace-\thickmuskip{.2777em}}

And while we're at it, why don’t we provide an equivalent of \hspace for math
mode use. This allows use of mu units in (for example) constructing compound
math symbols.

\newcommand{\mspace} [1] {\mskip#1\relax}
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7.2 Vertical bar symbols

Add left/right specific versions of \vert, \Vert. Don’t assume the delimiter
codes are the CM defaults.

\def\@tempa#1#2\@nil{Y
\ifx\delimiter#1\@tempcnta#2\relax\else\@tempcnta\z@\fi
}
\@xp\@tempa\vert\Cempty\@nil
\ifnum\@tempcnta>\z@
\advance\@tempcnta "4000000

Use \protected on the new delimiters.

\protected\xdef\lvert{\delimiter\number\@tempcnta\space }
\advance\@tempcnta "1000000
\protected\xdef\rvert{\delimiter\number\@tempcnta\space }
\else
\ifx\@Q@undefined\lvert
% Fall back to cmex encoding since we don’t know what else to do.
\DeclareMathDelimiter{\lvert}
{\mathopen}{symbols}{"6A}{largesymbols}{"0C}
\DeclareMathDelimiter{\rvert}
{\mathclose}{symbols}{"6A}{largesymbols}{"0C}
\fi
\fi
\@xp\@tempa\Vert\C@empty\@nil
\ifnum\@tempcnta>\z@
\advance\@tempcnta "4000000
\protected\xdef\1lVert{\delimiter\number\@tempcnta\space }
\advance\@tempcnta "1000000
\protected\xdef\rVert{\delimiter\number\@tempcnta\space }
\else
\ifx\@Qundefined\1lVert
\DeclareMathDelimiter{\1Vert}
{\mathopen}{symbols}{"6B}{largesymbols}{"0D}
\DeclareMathDelimiter{\rVert}
{\mathclose}{symbols}{"6B}{largesymbols}{"0D}
\fi
\fi

7.3 Fractions

Bury the generalized fraction primitives \over, \atop, etc., because of their
bizarre syntax, which is decidedly out of place in a ¥ TEX document.

\@saveprimitive\over\@Qover
\@saveprimitive\atop\@Qatop
\@saveprimitive\above\@@above
\@saveprimitive\overwithdelims\@@overwithdelims
\@saveprimitive\atopwithdelims\@Q@atopwithdelims
\@saveprimitive\abovewithdelims\@@abovewithdelims
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\primfrac If someone insists on using \over, give a warning the first time and then resur-
rect the old definition. Laissez-faire policy.
\DeclareRobustCommand{\primfrac} [1]1{/
\PackageWarning{amsmath}{/
Foreign command \@backslashchar#1;\MessageBreak
\protect\frac\space or \protect\genfrac\space should be used instead
\MessageBreak
}
\global\@xp\let\csname#1\@xp\endcsname\csname Q0@#1\endcsname
\csname#1\endcsname

}

\renewcommand{\over}{\primfrac{over}}
\renewcommand{\atop}{\primfrac{atop}}
\renewcommand{\above}{\primfrac{abovel}}
\renewcommand{\overwithdelims}{\primfrac{overwithdelims}}
\renewcommand{\atopwithdelims}{\primfrac{atopwithdelims}}
\renewcommand{\abovewithdelims}{\primfrac{abovewithdelims}}

\frac calls \@@over directly instead of via \genfrac, for better speed be-
cause it is so common. \tfrac and \dfrac are abbreviations for some commonly
needed mathstyle overrides. To conserve csnames we avoid making \dfrac and
\tfrac robust (\genfrac is itself robust).

%
\ifx\directlua\@undefined
\DeclareRobustCommand{\frac} [2] {{\begingroup#1\endgroup\@@over#2}}
\else
\DeclareRobustCommand{\frac} [2]{{\Ustack{\begingroup#1\endgroup\@Qover#2}}}
\fi
\DeclareRobustCommand{\dfrac}{\genfrac{}{}{}0}
\DeclareRobustCommand{\tfrac}{\genfrac{}{}{}1}
The \binom command for binomial notation works like \frac and has similar
variants. Note that we do not use \z@ in \dbinom and \tbinom because they are
not top-level robust like \binom, and so the \z@ with the potentially problematic
@ character would become visible when writing one of those commands to a .toc
file.
\DeclareRobustCommand{\binom}{\genfrac()\ze{}}
\DeclareRobustCommand{\dbinom}{\genfrac () {0Opt}0}
\DeclareRobustCommand{\tbinom}{\genfrac () {Opt}1}

\genfrac This command provides access to TEX’s generalized fraction primitives. Args:
#1 left delim, #2 right delim, #3 line thickness, #4 mathstyle override, #5 nu-
merator, #6 denominator. But we only read the first four args at first, in order
to give us a moment to select the proper generalized fraction primitive. Any
of those four args could be empty, and when empty the obvious defaults are
selected (no delimiters, default line thickness (normally .4pt), and no mathstyle
override).

the withdelims primitives do not work in xetex with OpenType fonts, and
the relevant font dimen parameters are often not set in luatex as theer are no
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matching values in the OpenType Math table, so here we use variants that use
the font parameters if they are set, but scale using \left\right rather than
the withdelims primitives.

\ifx\directlua\@undefined
\ifx\XeTeXcharclass\@undefined

Classic version

\DeclareRobustCommand{\genfrac}[4]{%
\def\Qtempa{#1#2}/,
\edef\@tempb{\@nx\@genfrac\@mathstyle{#4}%

\csname @@\ifx Q#3Qover\else above\fi
\ifx\@tempa\@empty \else withdelims\filendcsname}
\Q@tempb{#1#2#3}}

\else

XeTeX version

\def\genfrac@rule#1#2#3#4{J
\hbox{$\left#1\vcenter{\hrule \@width\z@
\@height
\ifdim\fontdimen#2#3\tw@=\z0@
#4\fontdimen6#3\twe@
\else
\fontdimen#2#3\tw@
\fi
F\right.$}}

\def\genfrac@choice#1#2{/,
\ifx @#20\else

\ifx c#1l\kern-\nulldelimiterspace\fi
{\delimitershortfall\z@\delimiterfactor\@m
\mathsurround\z@\nulldelimiterspace\z@
\mathchoice
{\genfrac@rule{#2}{20}\textfont{2.39}}%
{\genfrac@rule{#2}{21}\textfont{1}}%
{\genfrac@rule{#2}{21}\scriptfont{1.45}1}/,
{\genfrac@rule{#2}{21}\scriptscriptfont{1.35}}
Y

\ifx o#1\kern-\nulldelimiterspace\fi

\fi

}

\DeclareRobustCommand{\genfracl} [6]{{%

\@Cmathstyle{#4}%

\genfrac@choice o{#1}},

{\begingroup#5\endgroup\ifx Q@#30\Q@0over\else\@Qabove\fi#3\relax#61}7,
\genfrac@choice c{#2}%

3

\fi
\else
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LuaTeX version

\def\genfrac@rule#1#2#3{/,
\hbox{$\left#1\vcenter{\hrule \@width\z@
\Gheight
\ifdim\Umathfractiondelsize#2=\z@
#3\fontdimen6#3\tw@
\else
\Umathfractiondelsize#2,
\fi
F\right.$}}

\def\genfrac@choice#1#2{
\ifx Q@#20@\else

\ifx c#l\kern-\nulldelimiterspace\fi
{\delimitershortfall\z@\delimiterfactor\@m
\mathsurround\z@\nulldelimiterspace\z@
\mathchoice
{\genfrac@rule{#2}\displaystyle{2.39}}%
{\genfrac@rule{#2}\textstyle{1}}%
{\genfrac@rule{#2}\scriptstyle{1.45}}%
{\genfrac@rule{#2}\scriptscriptstyle{1.35}}/
Yh

\ifx o#1\kern-\nulldelimiterspace\fi

\fi

}

\DeclareRobustCommand{\genfrac} [6]{{/

\@mathstyle{#4}/

\genfrac@choice o{#1}%

{\Ustack {\begingroup#5\endgroup\ifx 0#30\@Qover\else\@Q@above\fi#3\relax#6}1}/
\genfrac@choice c{#2}%

1

\fi

End of test for LuaTEX /XeTEX.

\@genfrac takes the preceding arguments and reads the numerator and de-
nominator. Note that there’s no convenient way to make the numerator and
denominator contents displaystyle, through this interface.

Args: #1 mathstyle, #2 fraction primitive, #3 delimiters and rule thickness,
#4 numerator, #5 denominator.

\def\Qgenfrac#1#2#3#4#5{{#1{\begingroup#4\endgroup#2#3\relax#5}}}

Empty mathstyle arg: no change; 0 = displaystyle, 1 = textstyle, 2 = script-
style, 3 = scriptscriptstyle.
\def\@mathstyle#1{/,
\ifx\Q@empty#1\Q@empty\relax
\else\ifcase#1\displaystyle % case O
\or\textstyle\or\scriptstyle\else\scriptscriptstyle\fi\fi}
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7.4 Sums and Integrals

Default value for sum limits is \displaylimits, see option ‘nosumlimits’.

We redefine all the cumulative operator symbols to use \slimits@ so that
switching between \displaylimits and \nolimits can be controlled by pack-
age options. Also add \DOTSB for the benefit of the dots lookahead. But we’d
better make sure \coprod and the others are simple mathchars; if not, the
attempted changes will probably fail miserably.

\begingroup

\edef\@tempa{\string\mathchar"}
\edef\@tempd{\string\Umathchar"}
\def\@tempb#1"#2\0nil{#1"}
\edef\@tempc{\expandafter\@tempb\meaning\coprod "\@nil}
\ifx\@tempc\@tempd\let\@tempc\@tempa\fi

\ifx\@tempa\@tempc
\global\let\coprod@\coprod
\gdef\coprod{\DOTSB\coprod@\slimits@}
\global\let\bigvee@\bigvee
\gdef\bigvee{\DOTSB\bigvee@\slimits@}
\global\let\bigwedge@\bigwedge
\gdef\bigwedge{\DOTSB\bigwedge@\slimits@}
\global\let\biguplus@\biguplus
\gdef\biguplus{\DOTSB\biguplus@\slimits@}
\global\let\bigcap@\bigcap
\gdef\bigcap{\DOTSB\bigcap@\slimits@}
\global\let\bigcup@\bigcup
\gdef\bigcup{\DOTSB\bigcup@\slimits@}
\global\let\prod@\prod
\gdef\prod{\DOTSB\prod@\slimits@}
\globalllet\sum@\sum
\gdef\sum{\DOTSB\sum@\slimits@}
\global\let\bigotimes@\bigotimes
\gdef\bigotimes{\DOTSB\bigotimes@\slimits@}
\global\let\bigoplus@\bigoplus
\gdef\bigoplus{\DOTSB\bigoplus@\slimits@}
\globalllet\bigodot@\bigodot
\gdef\bigodot{\DOTSB\bigodot@\slimits@}
\global\let\bigsqcup@\bigsqcup
\gdef\bigsqcup{\DOTSB\bigsqcup@\slimits@}

\fi

\endgroup

7.5 Roots and radicals

\root This root stuff needs syntax work and implementation work. Surely something
more compact can be done?? [mjd, 1994/09/05]
\newcommand{\leftroot}{\@amsmath@err{\Invalid@@\leftroot}\@echa}
\newcommand{\uproot}{\@amsmath@err{\Invalid@@\uproot}\@eha}
\newcount\uproot@
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\newcount\leftroot@

\renewcommand{\root}{\relaxnext@
\DN@{\ifx\@let@token\uproot\let\next@\nextii@\else
\ifx\@let@token\leftroot\let\next@\nextiii@\else
\let\next@\plainroot@\fi\fi\next@}%
\def\nextii@\uproot##1{\uproot@##1\relax\FN@\nextiv@l}y,
\def\nextiv@{\ifx\Q@let@token\@sptoken\DN@. {\FN@\nextv@l}\else
\DN@. {\FN@\nextve@}\fi\next@.}/
\def\nextv@{\ifx\@let@token\leftroot\let\next@\nextvi@\else
\let\next@\plainroot@\fi\next@}y,
\def\nextvi@\leftroot##i{\leftroot@##i\relax\plainroot@}y,
\def\nextiii@\leftroot##1{\leftroot@##1\relax\FN@\nextvii@}},
\def\nextvii@{\ifx\@let@token\@sptoken
\DN@. {\FN@\nextviii@}\else
\DN@.{\FN@\nextviii@}\fi\next@.}%
\def\nextviii@{\ifx\@let@token\uproot\let\next@\nextix@\else
\let\next@\plainroot@\fi\next@}/,
\def\nextix@\uproot##1{\uproot@##1i\relax\plainroot@}/,
\bgroup\uproot@\z@\leftroot@\z@\FNO\next@}

\def\plainroot@#1\of#2{\setbox\rootbox\hbox{/

$\m@th\scriptscriptstyle{#1}$3}%

\mathchoice{\r@@t\displaystyle{#2}}{\r0@t\textstyle{#2}}

{\reet\scriptstyle{#2}}{\r@ot\scriptscriptstyle{#2}}\egroup}
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Name change from \@@sqrt to \sqrtsign happened in the 1995/12/01 re-
lease of IXTEX. If we were to assume that \sqrtsign is defined then someone

with the 1995/06/01 release of WTEX would have trouble using this package.

\@ifundefined{sqrtsign}{\let\sqrtsign\@@sqrt}{}
\def\roeot#1#2{\setboxz@h{$\meth#1\sqrtsign{#2}$}/
\dimen@\ht\z@\advance\dimen@-\dp\zQ
\setbox\@ne\hbox{$\m@th#1\mskip\uproot@ mu$}’
\advance\dimen@ byl.667\wd\@ne

\mkern-\leftroot@ mu\mkernbSmu\raise.6\dimen@\copy\rootbox
\mkern-10mu\mkern\leftroot@ mu\boxz@}

7.6 Et cetera

Specific names for the variant italic cap Greek letters are not defined by IXTEX.

If no preceding package defined these, we will define them now.

\@ifundefined{varGamma}{
\DeclareMathSymbol{\varGamma}{\mathord}{letters}{"00}
\DeclareMathSymbol{\varDelta}{\mathord}{letters}{"01}
\DeclareMathSymbol{\varTheta}{\mathord}{letters}{"02}
\DeclareMathSymbol{\varLambda}{\mathord}{letters}{"03}
\DeclareMathSymbol{\varXi}{\mathord}{letters}{"04}
\DeclareMathSymbol{\varPi}{\mathord}{letters}{"05}
\DeclareMathSymbol{\varSigma}{\mathord}{letters}{"06}
\DeclareMathSymbol{\varUpsilon}{\mathord}{letters}{"07}
\DeclareMathSymbol{\varPhi}{\mathord}{letters}{"08}
\DeclareMathSymbol{\varPsi}{\mathord}{letters}{"09}



\overline

\boxed

\implies
\impliedby

\And

\nobreakdash

\colon
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\DeclareMathSymbol{\varOmega}{\mathord}{letters}{"0A}
H>

AMS-TEX redefines \overline as shown here, for reasons that are probably less
important in TEX: Make it read its argument as a macro argument rather than
a “math field” (The TpXbook, Chapter 26), to avoid problems when something
that is apparently a single symbol is actually a non-simple macro (e.g., \dag)
and is given as a single-token argument without enclosing braces.

\@saveprimitive\overline\@@overline
\DeclareRobustCommand{\overline}[1]{\@Qoverline{#1}}

The \boxed command is specifically intended to put a box around an equation
or piece of an equation. (Not including the equation number.) This isn’t trivial
for end-users to do it properly with \fbox so we provide a command for them.

\DeclareRobustCommand{\boxed} [1] {\fbox{\m@th$\displaystyle#1$}}

\newcommand{\implies}{\DOTSB\;\Longrightarrow\;}
\newcommand{\impliedby}{\DOTSB\;\Longleftarrow\;}

\def\And{\DOTSB\ ; \mathchar"3026 \;}

The command \nobreakdash is designed only for use before a hyphen or dash
(=, ==, or =—=). Setting the hyphen in a box and then unboxing it means that
the normal penalty will not be added after it—and if the penalty is not there a
break will not be taken (unless an explicit penalty or glue follows, thus the final
\nobreak).
\newcommand{\nobreakdash}{\leavevmode
\toks@\@emptytoks \def\Qtempa##1{\toks@\@xp{\the\toks@-}\FN@\next@}%
\DN@{\ifx\@let@token-\@xp\@tempa
\else\setboxz@h{\the\toks@\nobreak}\unhbox\z@\fil}%
\FN@\next@
}

\colon is for a colon in math that resembles a text colon: small space on the
left, larger space on the right. The : character by itself is treated as a \mathrel
i.e. large, equal spacing on both sides.

\DeclareRobustCommand{\colon}{\nobreak\mskip2mu\mathpunct{}\nonscript
\mkern-\thinmuskip{:}\mskip6muplusimu\relax}

8 Ellipsis dots

We can’t use \newif for \ifgtest@ because we want to include \global in the
definitions of \gtest@true and \gtest@false.
\let\ifgtest@\iffalse % initial value
\def\gtest@true{\global\let\ifgtest@\iftrue}
\def\gtest@false{\global\let\ifgtest@\iffalse}
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\1et\DOTSI\relax
\1et\DOTSB\relax
\1et\DOTSX\relax
{\uccode‘7=\\ \uccode‘8=‘m \uccode‘9=‘a \uccode‘0=‘t \uccode‘!=‘h
\uppercase{%
\gdef\math@#1#2#3#4#5#6\mathC{\gtest@false\ifx 7#1\ifx 8#2}
\ifx 9#3\ifx O#4\ifx !#5\xdef\meaning@{#6}\gtest@true
\Ei\Fi\Fi\fi\fi}}}
{\uccode‘7=‘c \uccode‘8=‘h \uccode‘9=°\"
\uppercase{\gdef\mathch@#1#2#3#4#5#6\mathch@{\gtest@false
\ifx 7#1\ifx 8#2\ifx 9#5\gtestOtrue\xdef\meaning@{9#6}\fi\fi\fi}}}

{\uccode‘ (=‘U \uccode‘)=‘m
\uppercase{\gdef\Umathch@#1#2#3#4"#5"#6\Unathch@{\gtest@false
\ifx (#2\ifx)#3\gtest@true
\ifcase"#5 \or\or\gdef\thedots@{\dotsb@}\or\gdef\thedots@{\dotsb@}\fi
\fi\fi
3}

For Unicode TeXs, if the next token is a character token look up the
(U)mathcode. Do not do this for classic TeX for compatibility reasons.

\ifx\Umathcharnumdef\Qundefined

\gdef\thecharacter@#1\thecharacter@{}

\else

{\uccode‘ (=t \uccode‘)=‘c
\uppercase{\gdef\thecharacter@#1#2#3#4#5\thecharacter@{},
\ifx (#1\ifx)#4%

\@xp\getmathcode@\meaning@\getmathcode®

\fi\fi

13

\def\getmathcode@#1 #2 #3#4\getmathcode@{’
\Umathcharnumdef \@tempa\Umathcodenum‘#3\relax
\edef\meaning@{\meaning\@tempal}’
\@xp\Umathch@\meaning@\Umathch@

}

\fi

\newcount\classnum®

\def\getmathch@#1.#2\getmathch@{\classnum@#1 \divide\classnum@4096
\ifcase\number\classnum@\or\or\gdef\thedots@{\dotsb@}\or
\gdef\thedots@{\dotsb@}\fi}

{\uccode‘4=‘b \uccode‘5=‘i \uccode‘6=‘n
\uppercase{\gdef\mathbin@#1#2#3{\relaxnext@
\def\nextii@##1\mathbin@{\ifx\@sptoken\@let@token\gtest@true\fi}y,
\gtest@false\DNQ@##1\mathbin@{},

\ifx 4#1\ifx 5#2\ifx 6#3\DNO{\FN@\nextii@M\fi\fi\fi\next@}}}

{\uccode‘4=‘r \uccode‘5=‘e \uccode‘6=‘1
\uppercase{\gdef\mathrel@#1#2#3{\relaxnext®@
\def\nextii@##1\mathrel@{\ifx\@sptoken\@let@token\gtest@true\fi}}
\gtest@false\DNO##1\mathrel@{}/,

\ifx 4#1\ifx 5#2\ifx 6#3\DN@{\FN@\nextii@}\fi\fi\fi\next@}}}
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{\uccode‘5=‘m \uccode‘6=°‘a \uccode‘7=‘c
\uppercase{\gdef \macro@#1#2#3#4\nacro@{\gtest@false
\ifx 5#1\ifx 6#2\ifx 7#3\gtestOtrue
\xdef\meaning@{\macro@@#4\macro@@}\fi\fi\fi}}}
\def\macro@@#1->#2\macro@e{#2}
\newcount\DOTSCASE®
{\uccode‘6=‘\\ \uccode‘7=‘D \uccode‘8=‘0 \uccode‘9=‘T \uccode‘0=°S
\uppercase{\gdef \DOTSO#1#2#3#4#5{\gtest@false\DNO##1\DOTSC{}/,
\ifx 6#1\ifx 7#2\ifx 8#3\ifx 9#4\ifx O#5\let\next@\DOTSO@
\fi\fi\fi\fi\fi
\next@}}}
{\uccode‘3=‘B \uccode‘4=‘I \uccode‘5=‘X
\uppercase{\gdef\DOTSQQ@#1{\relaxnext®
\def\nextii@##1\DOTS@{\ifx\@sptoken\@let@token\gtest@true\fil}/
\DN@{\FN@\nextii@}}
\ifx 3#1\global\DOTSCASE@\z@\else
\ifx 4#1\global\DOTSCASE@\@ne\else
\ifx 5#1\global\DOTSCASE@\tw@\else\DN@##1\DOTSC{}/
\fi\fi\fi\next@}}}
{\uccode‘5=‘\\ \uccode‘6=‘n \uccode‘7=‘c \uccode‘8=‘t
\uppercase{\gdef\not@#1#2#3#4{\relaxnext®@
\def\nextii@##1\not@{\ifx\@sptoken\Q@let@token\gtest@true\fil}y,
\gtest@false\DNO##1\not@{}%
\ifx 5#1\ifx 6#2\ifx 7#3\ifx 8#4\DNQ{\FN@\nextii@}\fi\fi\fi
\fi\next@}}}

{\uccode‘9="\1 ¥
\uppercase{\gdef\striplong@#1#2#3\relax{/
\ifx9#2 \0xp\@xp\@xp\zap@to@space\fi}}}

\def\zap@to@space#l {}

\def\keybin@{\gtest@true
\ifx\@let@token+\else\ifx\@let@token=\else
\ifx\@let@token<\else\ifx\@let@token>\else
\ifx\@let@token-\else\ifx\@let@token*\else\ifx\Q@let@token: \else

\gtest@false\fi\fi\fi\fi\fi\fi\fi}

Patch to ensure \@ldots is defined. (Name changed to \mathellipsis in Dec
94 release of PTEX.)

\@ifundefined{@ldots}{\def\@ldots{\mathellipsis}}{}

\ldots Reiterate the standard definition of \1dots to keep it from being clobbered by
\dots the redefinition of \dots.
\DeclareRobustCommand{\1dots}{%

\ifmmode \mathellipsis \else \textellipsis \fi

}
\DeclareRobustCommand{\dots}{%

\ifmmode \@xp\mdots@\else \@xp\textellipsis \fi
}

\def\tdots@{\leavevmode\unskip\relaxnext@
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\DN@{$\m@th\@ldots\,
\ifx\@let@token,\,$\else\ifx\@let@token.\,$\else
\ifx\@let@token;\,$\else\ifx\@let@token:\,$\else
\ifx\@let@token?\,$\else\ifx\@let@token!\,$\else

$ \fi\fi\fi\fi\fi\fi}
\ \FN@\next@}
\def\mdots@{\FN@\mdots@@}

\def\mdots@@{\gdef\thedots@{\dotso@}/
\ifx\@let@token\boldsymbol
\gdef\thedots@\boldsymbol{\boldsymboldots@}’
\else
\ifx,\@let@token \gdef\thedots@{\dotsc}/
\else
\ifx\not\@let@token
\gdef\thedots@{\dotsb@}/,
\else
\keybin@
\ifgtest@ % if \keybin@ test
\gdef\thedots@{\dotsb@}}
\else

\xdef\meaning@{\meaning\@let@token. ......... Y4

In previous versions \long macros were not seen by the lokkahead. That was
bad as this file uses \ (re)newcommand for \implies etc.

\xdef\meaning@@{\@xp\striplong@\meaning@\relax\meaning@}y,

\@xp\math@\meaning@\math@

\ifgtest@ % if \mathxxx test
\@xp\mathch@\meaning@\mathch@
\ifgtest@ % if \mathchar

\@xp\getmathch@\meaning@\getmathch@
\fi % end if \mathchar
\else % \not \mathxxx

Test for \Umathchar added.

\@xp\Umathch@\meaning®@"0" \Unathch@
\ifgtest@ % if \Umathchar
\else % else not \Umathcar

\@xp\macro@\meaning@@\macro®@
\ifgtest@ % if macro test
\@xp\not@\meaning@\not@
\ifgtest@ % if macro starts \not test
\gdef\thedots@{\dotsb@l}/,
\else) else not \not
\@xp\DOTS@\meaning@\DOTS@
\ifgtest@ % \if DOTS
\ifcase\number\DOTSCASEQ %ifcase dots
\gdef\thedots@{\dotsb@},
\or\gdef\thedots@{\dotsi}\else
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\fi % endifcase dots
\else 7 not macro starts \DOTS
\@xp\math@\meaning@\math@
\ifgtest@ % \if macro starts \mathxxxx
\@xp\mathbin@\meaning@\mathbin®@
\ifgtest@ 7 if macro starts \mathbin
\gdef\thedots@{\dotsb@l}/,
\else % not macro starting \mathbin
\@xp\mathrel@\meaning@\mathrel®
\ifgtest@ % if macro starts \mathrel
\gdef\thedots@{\dotsb@}’
\fi % endif macro starts \mathrel (no else)
\fi % endif macro starts \mathbin
\fi % endif macro starts with \mathxxx (no else)
\fi % endif macro starts \DOTS else
\fi % end macro starting \not \ifgtest@ test (no else)

Additional test for a catcode 12 character.

\else
\@xp\thecharacter@\meaning@\thecharacter®@

\fi % end macro \ifgtest@ test (no else)
\fi % end if \Umathchar test
\fi % end \math@ \ifgtest®
\fi % end \keybin®@ \ifgtest@ test (no else)
\fi % end if \not (no else)
\fi % end if comma (no else)
\fi % end if boldsymbol (no else)
\thedots@}

The = character is necessary in the two \1let assignments in \boldsymboldots@,
because the symbol we are making bold might be an = sign.

\def\boldsymboldots@#1{Y
\bold@true\let\@let@token=#1\let\delayed@=#1\mdots@Q
\boldsymbol#1\bold@false}

The definition of \@cdots is merely the plain.tex definition of \cdots.

\ams@def\@cdots{\mathinner{\cdotp\cdotp\cdotp}}
\newcommand{\dotsi}{\!\@cdots}
\let\dotsb@\Qcdots

If any new right delimiters are defined, they would need to be added to the
definition of \rightdelim@ in order for \dots to work properly in all cases.

\def\rightdelim@{\gtest@true
\ifx\@let@token)\else
\ifx\@let@token]\else
\ifx\@let@token\rbrack\else
\ifx\@let@token\}\else
\ifx\@let@token\rbrace\else
\ifx\@let@token\rangle\else
\ifx\@let@token\rceil\else
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\ifx\@let@token\rfloor\else
\ifx\@let@token\rgroup\else
\ifx\@let@token\rmoustache\else
\ifx\@let@token\right\else
\ifx\@let@token\bigr\else
\ifx\@let@token\biggr\else
\ifx\@let@token\Bigr\else
\ifx\@let@token\Biggr\else\gtest@false
AVEAVSAVSAVSAVSAVEAVSAVSAVSAVSAV AV EAVSAVSAV SN
\def\extra@{y,
\rightdelim@\ifgtest@
\else\ifx\@let@token$\gtestO@true
\else\xdef\meaning@{\meaning\@let@token.......... Y
\@xp\macro@\meaning@\macro@\ifgtest@
\@xp\DOTS@\meaning@\DOTS@
\ifgtest@
\1fnum\DOTSCASE@=\tw@\gtest@true\else\gtest@false
\fi\fi\fi\fi\fi}
\newif\ifbold@
\def\dotso@{\relaxnext@
\ifbold@
\let\@let@token\delayed®
\def\nextii@{\extra@\@ldots\ifgtest@\,\fil}},
\else
\def\nextii@{\DN@{\extra@\@ldots\ifgtest@\,\fi}\FNQ@\next@}}
\fi
\nextii@}

Why not save some tokens? (space vs. time).

\def\extrap@#1{

\DN@{#1\,}%
\ifx\@let@token, \else
\ifx\@let@token;\else
\ifx\@let@token.\else\extra®@
\ifgtest@\else
\let\next@#1\fi\fi\fi\fi\next@}

\cdots The \cdots command.

\dotsb \ams@DeclareRobustCommand{\cdots}{\DN@{\extrap@\@cdots}\FN@\next@}
\dotsm \let\dotsb\cdots
\dotso \let\dotsm\cdots
\dotsc \DeclareRobustCommand{\dotso}{\relax
\ifmmode \DN@{\extrap@\@ldotsl}%
\else \let\next@\tdots@\fi
\FN@\next@}
\DeclareRobustCommand{\dotsc}{%
\DN@{\ifx\@let@token;\@ldots\,%
\else \ifx\@let@token.\@ldots\,%
\else \extra@\@ldots \ifgtest®@\,\fi
\fi\fil}},



\longrightarrow
\Longrightarrow
\longleftarrow
\Longleftarrow
\longleftrightarrow
\Longleftrightarrow
\mapsto

\longmapsto
\hookrightarrow
\hookleftarrow

\iff

\doteq

\if@display

\int
\oint
\iint

\iiint
\iiiint
\idotsint
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\FN@\next@}

Various arrows.

\renewcommand{\longrightarrow}{/
\DOTSB\protect\relbar\protect\joinrel\rightarrow}
\renewcommand{\Longrightarrow}{J,
\DOTSB\protect\Relbar\protect\joinrel\Rightarrow}
\renewcommand{\longleftarrow}{%
\DOTSB\leftarrow\protect\joinrel\protect\relbar}
\renewcommand{\Longleftarrow}{%
\DOTSB\Leftarrow\protect\joinrel\protect\Relbar}
\renewcommand{\longleftrightarrow}{\DOTSB\leftarrow\joinrel\rightarrow}
\renewcommand{\Longleftrightarrow}{\DOTSB\Leftarrow\joinrel\Rightarrow}
\renewcommand{\mapsto}{\DOTSB\mapstochar\rightarrow}
\renewcommand{\longmapsto}{\DOTSB\mapstochar\longrightarrow}
\renewcommand{\hookrightarrow}{\DOTSB\lhook\joinrel\rightarrow}
\renewcommand{\hookleftarrow}{\DOTSB\leftarrow\joinrel\rhook}
\renewcommand{\iff}{\DOTSB\;\Longleftrightarrow\;}

The \doteq command formerly used \buildrel; we avoid that because it re-
quires ‘\over’ as part of its syntax. Use Opt instead of \z@ for robustitude.

\renewcommand{\doteq}{/
\DOTSB\mathrel{\mathop{\kernOpt =}\limits~{\textstyle.}}}

9 Integral signs

The straightforwa