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Abstract

The breqn package facilitates automatic line-breaking of displayed math expressions.
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Part 1
User’s guide

1 A bit of history

Originally breqn, flexisym, and mathstyle were created by Michael J. Downes from the American
Mathematical Society during the 1990’s up to late 2002. Sadly—and much to the shock of the TEX
world—Michael passed away in early 2003 at the age of only 44.

The American Mathematical Society kindly allowed Morten Hggholm to assume maintainership
of this part of his work and we wish to express our gratitude to them and to Barbara Beeton in
particular for providing the files needed.

MH brought Michael’s work to a wider audience, thereby allowing users to create more master-
pieces of the publishing art as we think he would have wanted.

Following the July 2008 breqn release, breqn was left in the hands of a maintenance team, while
MH moved on with other projects.

2 Package loading

The recommended way of loading the breqn package is to load it after other packages dealing with
math, i.e.,, after amsmath, amssymb, or packages such as mathpazo or mathptmx.

The flexisym package (described in section 10 on page 10) is required by breqn and ensures the
math symbols are set up correctly. By default breqn loads it with support for Computer Modern
but if you use a different math package requiring slightly different definitions, it must be loaded
before breqn. Below is an example of how you enable breqn to work with the widely used mathpazo



package.

\usepackage{mathpazo}
\usepackage [mathpazo] {flexisym}
\usepackage{breqn}

Currently, the packages mathpazo and mathptmx are supported. Despair not: Chances are that the
package will work using the default settings. If you find that a particular math font package doesn’t
work then please see implementation in flexisym.dtx for how to create a support file—it is easier
than one might think. Contributions welcome.

The documentation for the package was formerly found in breqndoc. It has now been added to
this implementation file. Below follows the contents of the original breqn documentation. Not all
details hold anymore but I have prioritized fixing the package.

3 Introduction

The bregn package for IXTEX provides solutions to a number of common difficulties in writing
displayed equations and getting high-quality output. For example, it is a well-known inconvenience
that if an equation must be broken into more than one line, \left ... \right constructs cannot
span lines. The breqn package makes them work as one would expect whether or not there is an
intervening line break.

The single most ambitious goal of the breqn package, however, is to support automatic line-
breaking of displayed equations. Such linebreaking cannot be done without substantial changes
under the hood in the way math formulas are processed. For this reason, especially in the alpha
release, users should proceed with care and keep an eye out for unexpected glitches or side effects.

4 Principal features

The principal features of the breqn package are:

semantically oriented structure The way in which compound displayed formulas are subdi-
vided matches the logical structure more closely than, say, the standard eqnarray environ-
ment. Separate equations in a group of equations are written as separate environments instead
of being bounded merely by \\ commands. Among other things, this clears up a common
problem of wrong math symbol spacing at the beginning of continuation lines. It also makes it
possible to specify different vertical space values for the space between lines of a long, broken
equation and the space between separate equations in a group of equations.

automatic line breaking Overlong equations will be broken automatically to the prevailing col-
umn width, and continuation lines will be indented following standard conventions.

line breaks within delimiters Line breaks within \1eft ... \right delimiters work in a natural
way. Line breaks can be forbidden below a given depth of delimiter nesting through a package
option.



mixed math and text Display equations that contain mixed math and text, or even text only,
are handled naturally by means of a dseries environment that starts out in text mode instead
of math mode.

ending punctuation The punctuation at the end of a displayed equation can be handled in a
natural way that makes it easier to promote or demote formulas from/to inline math, and to
apply special effects such as adding space before the punctuation.

flexible numbering Equation numbering is handled in a natural way, with all the flexibility of
the amsmath package and with no need for a special \nonumber command.

special effects It is easy to apply special effects to individual displays, e.g., changing the type size
or adding a frame.

using available space Horizontal shrink is made use of whenever feasible. With most other equa-

tion macros it is frozen when it occurs between \left ... \right delimiters, or in any sort
of multiline structure, so that some expressions require two lines that would otherwise fit on
one.

high-quality spacing The \abovedisplayshortskip is used when applicable (other equation
macros fail to apply it in equations of more than one line).

abbreviations Unlike the amsmath equation environments, the breqn environments can be called
through user-defined abbreviations such as \beq ... \eeq.

5 Shortcomings of the package

The principal known deficiencies of the breqn package are:

5.1 Incompatibilities

As it pushes the envelope of what is possible within the context of IATEX 2¢, the breqn package will
tend to break other packages when used in combination with them, or to fail itself, when there are
any areas of internal overlap; successful use may in some cases depend on package loading order.

5.2 Indention of delimited fragments

When line breaks within delimiters are involved, the automatic indention of continuation lines is
likely to be unsatisfactory and need manual adjustment. I don’t see any easy way to provide a
general solution for this, though I have some ideas on how to attain partial improvements.

5.3 Math symbol subversion

In order for automatic line breaking to work, the operation of all the math symbols of class 2, 3,
4, and 5 must be altered (relations, binary operators, opening delimiters, closing delimiters). This
is done by an auxiliary package flexisym. As long as you stick to the advertised IATEX interface for
defining math symbols (\DeclareMathSymbol), things should work OK most of the time. Any more
complex math symbol setup is quite likely to quarrel with the flexisym package. See Section 10 on
page 10 for further information.



5.4 Subscripts and superscripts

Because of the changes to math symbols of class 2-5, writing certain combinations such as ~+ or
_\pm or “\geq without braces would lead to error messages; (The problem described here already
exists in standard BTEX to a lesser extent, as you may know if you ever tried ~\neq or ~\cong;
and indeed there are no examples in the ETEX book to indicate any sanction for omitting braces
around a subscript or superscript.)

The flexisym package therefore calls, as of version 0.92, another package called mathstyle which
turns ~ and _ into active characters. This is something that I believe is desirable in any case, in
the long run, because having a proper mathstyle variable eliminates some enormous burdens that
affect almost any nontrivial math macros, as well as many other things where the connection is not
immediately obvious, e.g., the INTEX facilities for loading fonts on demand.

Not that this doesn’t introduce new and interesting problems of its own—for example, you don’t
want to put usepackage statements after flexisym for any package that refers to, e.g., “~J or ="M
internally (too bad that the BTEX package loading code does not include automatic defenses to
ensure normal catcodes in the interior of a package; but it only handles the @ character).

But I took a random AMS journal article, with normal end-user kind of ITEX writing, did
some straightforward substitutions to change all the equations into dmath environments, and ran
it with active math sub/sup: everything worked OK. This suggests to me that it can work in the
real world, without an impossible amount of compatibility work.

6 Incomplete

In addition, in the alpha release [1997/10/30] the following gaps remain to be filled in:

documentation The documentation could use amplification, especially more illustrations, and I
have undoubtedly overlooked more than a few errors.

group alignment The algorithm for doing alignment of mathrel symbols across equations in a
dgroup environment needs work. Currently the standard and noalign alternatives produce
the same output.

single group number When a dgroup has a group number and the individual equations are
unnumbered, the handling and placement of the group number aren’t right.

group frame Framing a group doesn’t work, you might be able to get frames on the individual
equations at best.

group brace The brace option for dgroup is intended to produce a large brace encompassing the
whole group. This hasn’t been implemented yet.

darray environment The darray environment is unfinished.

dseries environment The syntax and usage for the dseries environment are in doubt and may
change.

failure arrangements When none of the line-breaking passes for a dmath environment suc-
ceeds—i.e., at least one line is overfull—the final arrangement is usually rather poor. A
better fall-back arrangement in the failure case is needed.



7 Package options

Many of the package options for the breqn package are the same as options of the dmath or dgroup
environments, and some of them require an argument, which is something that cannot be done
through the normal package option mechanism. Therefore most of the breqn package options are
designed to be set with a \setkeys command after the package is loaded. For example, to load the
package and set the maximum delimiter nesting depth for line breaks to 1:

\usepackage{breqn}
\setkeys{breqn}{breakdepth={1}}

See the discussion of environment options, Section 9 on page 8, for more information.
Debugging information is no longer available as a package option. Instead, the tracing informa-
tion has been added in a fashion so that it can be enabled as a docstrip option:

\generate{\file{breqn.sty}{\from{breqn.dtx}{package,trace}}}

8 Environments and commands

8.1 Environments

All of the following environments take an optional argument for applying local effects such as
changing the typesize or adding a frame to an individual equation.

dmath Like equation but supports line breaking and variant numbers.
dmath* Unnumbered; like displaymath but supports line breaking

dseries Like equation but starts out in text mode; intended for series of mathematical expressions
of the form ‘A, B, and C’. As a special feature, if you use

\begin{math} ... \end{math}

for each expression in the series, a suitable amount of inter-expression space will be automat-
ically added. This is a small step in the direction of facilitating conversion of display math to
inline math, and vice versa: If you write a display as

\begin{dseries}
\begin{math}A\end{math},
\begin{math}B\end{math},
and
\begin{math}C\end{math}.
\end{dseries}



then conversion to inline form is simply a matter of removing the \begin{dseries} and
\end{dseries} lines; the contents of the display need no alterations.

It would be nice to provide the same feature for $ notation but there is no easy way to do
that because the $ function has no entry point to allow changing what happens before math
mode is entered. Making it work would therefore require turning $ into an active character,
something that I hesitate to do in a M TEX 2¢ context.

dseries* Unnumbered variant of dseries

dgroup Like the align environment of amsmath, but with each constituent equation wrapped
in a dmath, dmath*, dseries, or dseries* environment instead of being separated by \\.
The equations are numbered with a group number. When the constituent environments are
the numbered forms (dmath or dseries) they automatically switch to ‘subequations’-style
numbering, i.e., something like (3a), (3b), (3¢), ..., depending on the current form of non-
grouped equation numbers. See also dgroup*.

dgroup* Unnumbered variant of dgroup. If the constituent environments are the numbered forms,
they get normal individual equation numbers, i.e., something like (3), (4), (5), ... .

darray Similar to eqnarray but with an argument like array for giving column specs. Automatic
line breaking is not done here.

darray* Unnumbered variant of darray, rather like array except in using \displaystyle for all
column entries.

dsuspend Suspend the current display in order to print some text, without loss of the alignment.
There is also a command form of the same thing, \intertext.

8.2 Commands
The commands provided by the breqn package are:

\condition This command is used for a part of a display which functions as a condition on the
main assertion. For example:

\begin{dmath}
f(x)=\frac{1}{x} \condition{for $x\neq 0$}
\end{dmath}.

f(m)z%, forz £0. (1)

The \condition command automatically switches to text mode (so that interword spaces
function the way they should), puts in a comma, and adds an appropriate amount of space.
To facilitate promotion/demotion of formulas, \condition “does the right thing” if used
outside of display math.

To substitute a different punctuation mark instead of the default comma, supply it as an
optional argument for the \condition command:



\condition[;]1{...}

(Thus, to get no punctuation: \condition[1{...2}.)

For conditions that contain no text, you can use the starred form of the command, which
means to stay in math mode:

\begin{dmath}
f(x)=\frac{1}{x} \condition*{x\neq 0}
\end{dmath}.

If your material contains a lot of conditions like these, you might like
to define shorter abbreviations, e.g.,

\begin{verbatim}

\newcommand{\mc}{\condition*}), math condition
\newcommand{\tc}{\condition}), text condition

But the breqn package refrains from predefining such abbreviations in order that they may be
left to the individual author’s taste.

\hiderel In a compound equation it is sometimes desired to use a later relation symbol as the
alignment point, rather than the first one. To do this, mark all the relation symbols up to
the desired one with \hiderel:

T(n) \hiderel{\leq} T(2°n) \leq c(3"n - 27°n)

9 Various environment options

The following options are recognized for the dmath, dgroup, darray, and dseries environments;
some of the options do not make sense for all of the environments, but if an option is used where
not applicable it is silently ignored rather than treated as an error.

\begin{dmath} [style={\small}]
\begin{dmath} [number={BV}]
\begin{dmath}[labelprefix={eq:}]
\begin{dmath} [label={xyz1}]
\begin{dmath} [indentstep={2em}]
\begin{dmath} [compact]
\begin{dmath} [spread={1pt}]
\begin{dmath} [frame]
\begin{dmath} [frame={1pt},framesep={2pt}]
\begin{dmath} [background={red}]
\begin{dmath} [color={purple}]
\begin{dmath} [breakdepth={0}]



Use the style option to change the type size of an individual equation. This option can also
serve as a catch-all option for altering the equation style in other ways; the contents are simply
executed directly within the context of the equation.

Use the number option if you want the number for a particular equation to fall outside of the
usual sequence. If this option is used the equation counter is not incremented. If for some reason
you need to increment the counter and change the number at the same time, use the style option
in addition to the number option:

style={\refstepcounter{equation}}

Use of the normal \label command instead of the label option works, I think, most of the
time (untested). labelprefix prepends its argument to the label (only useful as a global option,
really), and must be called before label.

Use the indentstep option to specify something other than the default amount for the indention
of relation symbols. The default is 8pt.

Use the compact option in compound equations to inhibit line breaks at relation symbols. By
default a line break will be taken before each relation symbol except the first one. With the compact
option KTEX will try to fit as much material as possible on each line, but breaks at relation symbols
will still be preferred over breaks at binary operator symbols.

Use the spread option to increase (or decrease) the amount of interline space in an equation.
See the example given above.

Use the frame option to produce a frame around the body of the equation. The thickness of the
frame can optionally be specified by giving it as an argument of the option. The default thickness
is \fboxrule.

Use the framesep option to change the amount of space separating the frame from what it
encloses. The default space is \fboxsep.

Use the background option to produce a colored background for the equation body. The breqgn
package doesn’t automatically load the color package, so this option won’t work unless you remember
to load the color package yourself.

Use the color option to specify a different color for the contents of the equation. Like the
background option, this doesn’t work if you forgot to load the color package.

Use the breakdepth option to change the level of delimiter nesting to which line breaks are
allowed. To prohibit line breaks within delimiters, set this to O:

\begin{dmath} [breakdepth={0}]

The default value for breakdepth is 2. Even when breaks are allowed inside delimiters, they are
marked as less desirable than breaks outside delimiters. Most of the time a break will not be taken
within delimiters until the alternatives have been exhausted.

Options for the dgroup environment: all of the above, and also

\begin{dgroup}[noalign]
\begin{dgroup} [brace]



By default the equations in a dgroup are mutually aligned on their relation symbols (=, <, >,
and the like). With the noalign option each equation is placed individually without reference to
the others.

The brace option means to place a large brace encompassing the whole group on the same side
as the equation number.

Options for the darray environment: all of the above (where sensible), and also

\begin{darray}[cols={lcr@{\hspace{2em}}1lcr}]

The value of the cols option for the darray environment should be a series of column specs as for
the array environment, with the following differences:

e For 1, ¢, and r what you get is not text, but math, and displaystyle math at that. To get text
you must use a 'p’ column specifier, or put an \mbox in each of the individual cells.

e Vertical rules don’t connect across lines.

10 The flexisym package

The flexisym package does some radical changes in the setup for math symbols to allow their
definitions to change dynamically throughout a document. The breqn package uses this to make
symbols of classes 2, 3, 4, 5 run special functions inside an environment such as dmath that provide
the necessary support for automatic line breaking.

The method used to effect these changes is to change the definitions of \DeclareMathSymbol and
\DeclareMathDelimiter, and then re-execute the standard set of TEX math symbol definitions.
Consequently, additional mathrel and mathbin symbols defined by other packages will get proper
line-breaking behavior if the other package is loaded after the flexisym package and the symbols are
defined through the standard interface.

11 Caution! Warning!

Things to keep in mind when writing documents with the bregn package:

e The notation := must be written with the command \coloneq. Otherwise the : and the =
will be treated as two separate relation symbols with an “empty RHS” between them, and
they will be printed on separate lines.

e Watch out for constructions like ~+ where a single binary operator or binary relation sym-
bol is subscripted or superscripted. When the breqn or flexisym package is used, braces are
mandatory in such constructions: ~{+}. This applies for both display and in-line math.

o If you want I/ TEX to make intelligent decisions about line breaks when vert bars are involved,
use proper pairing versions of the vert-bar symbols according to context: \lvert n\rvert
instead of |n|. With the nondirectional | there is no way for IXTEX to reliably deduce which
potential breakpoints are inside delimiters (more highly discouraged) and which are not.
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e If you use the german package or some other package that turns double quote " into a special
character, you may encounter some problems with named math symbols of type mathbin,
mathrel, mathopen, or mathclose in moving arguments. For example, \1eq in a section title
will be written to the .aux file as something like \mathchar "3214. This situation probably
ought to be improved, but for now use \protect.

e Watch out for the [ character at the beginning of a dmath or similar environment, if it is
supposed to be interpreted as mathematical content rather than the start of the environment’s
optional argument.

This is OK:

\begin{dmath}
[\lambda,1]...
\end{dmath}

This will not work as expected:

\begin{dmath}[\lambda,1]...\end{dmath}

e Watch out for unpaired delimiter symbols (in display math only):

() [ 1 \langle \rangle \{ \} \lvert \rvert ...

If an open delimiter is used without a close delimiter, or vice versa, it is normally harmless
but may adversely affect line breaking. This is only for symbols that have a natural left or
right directionality. Unpaired \vert and so on are fine.

When a null delimiter is used as the other member of the pair (\left. or \right.) this
warning doesn’t apply.

e If you inadvertently apply \left or \right to something that is not a delimiter, the error
messages are likely to be a bit more confusing than usual. The normal I¥TEX response to an
error such as

\left +

is an immediate message

! Missing delimiter (. inserted).

When the breqn package is in use, ITEX will fail to realize anything is wrong until it hits the
end of the math formula, or a closing delimiter without a matching opening delimiter, and
then the first message is an apparently pointless

! Missing \endgroup inserted.
g g 1
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12 Examples

Knuth, SNA p74

Ezample 1

Replace $j$ by $h-j$ and by $k-j$ in these sums to get [cf."(26)]

\begin{dmath}[label={sna74}]

\frac{1}{6} \left(\sigma(k,h,0) +\frac{3(h-1)}{h}\right)
+\frac{1}{6} \left(\sigma(h,k,0) +\frac{3(k-1)}{k}\right)

=\frac{1}{6} \left(\frac{h}{k} +\frac{k}{h} +\frac{1}{hk}\right)
+\frac{1}{2} -\frac{1}{2h} -\frac{1}{2k},

\end{dmath}

which is equivalent to the desired result.

Replace j by h — j and by k — j in these sums to get [cf. (26)]

1 3(h—1)\ 1 3k—1)\ 1(h k 1Y\ 1 1 1
6<U(k’h’0)+ h )ﬂs("(h’k’o)+ k “o\k T Tae) T2 o o (122

which is equivalent to the desired result.

Knuth, SNA 4.6.2, p387

Ezxample 2

\newcommand\mx [1] {\begin{math}#1\end{math}}% math expression

h

Now every column which has no circled entry is completely zero;
so when $k=6$ and $k=7$ the algorithm outputs two more vectors,
namely

\begin{dseries} [frame]

\mx{v~{[2]} =(0,5,5,0,9,5,1,0)},

\mx{v~{[3]} =(0,9,11,9,10,12,0,1)}.

\end{dseries}

From the form of the matrix $A$ after $k=5$, it is evident that
these vectors satisfy the equation $vA =(0,\dotsc,0)$.

math expression
Now every column which has no circled entry is completely zero; so when k = 6 and k = 7 the
algorithm outputs two more vectors, namely

v =(0,5,5,0,9,5,1,0), P =(0,9,11,9,10,12,0,1). (12.3)

From the form of the matrix A after k = 5, it is evident that these vectors satisfy the equation
vA =(0,...,0).

Ezxample 3

12



\begin{dmath*}
T(n) \hiderel{\leq} T(2"{\lceilllg n\rceil})
\leq c(37{\1lceil\lg n\rceil}
-2"{\1ceil\lg n\rceill})
<3c\cdot3"{\1g n}
=3c\,n"{\1g3}
\end{dmathx*}.

T(n) < T(2M8"1) < ¢(3Men] _ oflenly
<3c-3k"

=3cn'ed.

Ezxample 4

The reduced minimal Gr\"obner basis for $I°q_3$ consists of
\begin{dgroup*}

\begin{dmath*}

H1"3 = x_1 + x_2 + x_3

\end{dmath*},

\begin{dmath*}

H22 =x_1"2 +x_1 x 2+ x.2°2-q_1 -q.2
\end{dmath*},

\begin{dsuspend}

and

\end{dsuspend}

\begin{dmath*}

H 371 =x_1"3 - 2x_1 q_1 - x_2 qg_1
\end{dmathx}.

\end{dgroup*}

The reduced minimal Grobner basis for Ig consists of

Hf:a:1+a:2—|—a:3,

2 2 2
Hy =7+ 21202 +25 —q1 — 2,4

and
Hj = 2} — 2z1q1 — 2201 -

13 Technical notes on tag placement

The method used by the breqn package to place the equation number is rather more complicated
than you might think, and the whole reason is to allow the number to stay properly centered on
the total height even when the height fluctuates due to stretching or shrinking of the page.
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Consider the following equation:

Ny ~ (”)|1r4/2 (3.15)

[l e

It will have only one line, if the column width is not too narrow.

Scrutinizing the vertical list will shed light on some of the basic properties shared by all breqn

equations. After that we will look at what would happen if two or more lines were needed. The
numbers added on the left in the following \showlists output mark the points of interest.

(1]

(2]

(3]

(4]
(5]

(6]
(7]

\penalty 10000

\glue (\abovedisplayskip) 0.0
\penalty 10000

\glue (\belowdisplayskip) 0.0

\glue 4.0 plus 4.0

\glue(\lineskip) 1.0

\vbox (16.53902+0.0)x0.0, glue set 16.53902fil
.\glue 0.0 plus 1.0fil minus 1.0fil
\penalty 10000

\glue -8.51945

\hbox (7.5+2.5)x25.55563
\0T1/cmr/m/n/10 (

.\0T1/cmr/m/n/10 3

\OT1/cmr/m/n/10 .

\OT1/cmr/m/n/10 1

.\OT1/cmr/m/n/10 5

\kern 0.0

\0T1/cmr/m/n/10 )

\penalty 10000

\glue (\parskip) -18.01956

\hbox (16.53902+9.50012)x360.0, glue set 1.78647

1. These four lines are a hidden display structure from TEX’s primitive $$ mechanism. It is used

only to get the value of \predisplaysize so that we can later calculate by hand whether to
use the short display skips or the regular ones. (The reason that we have to do it by hand
traces back to the fact that TEX 3.x does not allow unhboxing in math mode.) The penalties
come from \predisplaypenalty and \postdisplaypenalty, which were locally set to 10000
to ensure there would be no unintended page breaks at these glue nodes.

2. These two glue nodes are the ones that would normally have been produced at the top of a

display; the first one is the above-display skip node (though we had to put it in by hand with
\vskip) and the second one is the usual baselineskip/lineskip node.

3. This is a dummy copy of the equation’s first line, which is thrown in here to get the proper

value of baselineskip (or lineskip in this case). Why do we need this? Because this ensures that
we get the top spacing right before we fiddle with the glue nodes surrounding the equation
number. And if the equation has a frame, this box is a good place to add it from.
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This is a special glue node that brings us to the right vertical position for adding the equation
number. Its value is calculated from the variables that you would expect, given the presence of
the dummy first line above the num- ber: starting position of the equation, height of first line,
total height of equation body. If the equation body had more than one line, with stretchable
glue between the lines, half of the stretch would be added in this glue node.

. The hbox containing the equation number.

. Backspace to bring the equation body to the right starting point. We use \parskip to put
this glue in place because we’re going to get a parskip node here in any case when we add the
equation body with (in essence). If we didn’t do this we’d get two glue nodes instead of one,
to no purpose.

\ \unhbox\EQ@box.

. And lastly we see here the first line of the equation body, which appears to have height 16.5pt
and depth 9.5pt.

For comparison, the vertical list produced from the above equation in standard ITEX would
look like this, if the same values of columnwidth and abovedisplayskip are used:

(1]
(2]

(3]

(4]

(5]
(6]

e

\penalty 10000
\glue (\abovedisplayskip) 4.0 plus 4.0
\glue(\lineskip) 1.0
\hbox (16.53902+9.50012)x232.94844
.\hbox (7.5+2.5)x25.55563

. .\hbox(7.5+2.5)x25.55563
...\0T1/cmr/m/n/10 (
...\0T1/cmr/m/n/10 3
...\0T1/cmr/m/n/10 .
...\0T1/cmr/m/n/10 1
...\0T1/cmr/m/n/10 5

..\kern 0.0

...\0OT1/cmr/m/n/10 )

.\kern101.49591

.\hbox (16.53902+9.50012)x105.8969
\penalty 0O
\glue (\belowdisplayskip) 4.0 plus 4.0
\glue(\lineskip) 1.0
\hbox (6.94444+1.94444)x345.0, glue set 62.1106fil

. \predisplaypenalty
. \abovedisplayskip
. equation number box

equation body
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5. \postdisplaypenaltly

6. \belowdisplayskip

14 Technical notes on Equation Layouts
MJD [1998/12/28]

14.1 Misc examples

Let us consider which of these have 50% or more of wasted whitespace within the bounding box of
the visible material.

§ display width

S TR

14.2 Ladder and step layouts
14.2.1 Straight ladder layout
This is distinguished by a relatively short LHS and one or more RHS’s of any length.

§ display width

L =| Ry

-| B, |

S

The simplest kind of equation that fits on one line and has only one RHS may be viewed as a trivial
subcase of the straight ladder layout:

§ display width

L |=| R

If some of the RHS’s are too wide to fit on a single line they may be broken at binary operator
symbols such as plus or minus. This is still classified as a straight ladder layout if none of the
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fragments intrude into the LHS column, because the underlying parshape is the same.

f display width

L =| Ry \

+| Ry
| i |
=| Ry |
+| Rs) \
+| Ry, |

14.2.2 Skew ladder layout

f display width

L m ]

In a skew ladder layout, the combined LHS width plus width of R; does not exceed the available
width, but one of the other RHS’s is so wide that aligning its relation symbol with the others cannot
be done without making it run over the right margin: width(L) 4+ widthyax(R;) > width,yan. In
that case we next try aligning all but the first relation symbol, allowing all the R; after R; to shift
leftward.

14.2.3 Drop ladder layout

§ display width

:’ R,

-| i, |

S R

The drop ladder layout is similar to the skew ladder layout but with the width of R; too large for
it to fit on the same line as the LHS. Then we move R; down to a separate line and try again to
align all the relation symbols. Note that this layout consumes more vertical space than the skew
ladder layout.
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14.2.4 Step layout

f display width

+| Ry |

+| 2 |

+| Ry |

The chief characteristic of the step layout is that there is no relation symbol, so that the available
line breaks are (usually) all at binary operator symbols. Let w; and w; be the widths of the first
and last fragments. We postulate that the ideal presentation is as follows: Choose a small stairstep
indent I (let’s say 1 or 2 em). We want the last fragment to be offset at least I from the start of
the first fragment, and to end at least I past the end of the first fragment. If there are only two
lines these requirements determine a target width wy = max(w;i + I,w; + I). If there are more
than two lines (I > 2) then use wy = max(wy + (I — 1)I,w; + I, Wayan and reset I to wr/(1 —1) if
WT = Wayail-

Furthermore, we would like the material to be distributed as evenly as possible over all the lines
rather than leave the last line exceedingly short. If the total width is 1.1(widthayan), we don’t want
to have .9 of that on line 1 and .2 of it on line 2:

f display width

] R, + Ry + R,

Better to split it as evenly as possible, if the available breakpoints permit.

f display width

| R, + Ry |

+ ’ Rc + Rd ‘

A degenerate step layout may arise if an unbreakable fragment of the equation is so wide that
indenting it to its appointed starting point would cause it to run over the right margin. In that
case, we want to shift the fragment leftward just enough to bring it within the right margin:

f display width

| L

+| Ly \

+| L. |

+| La |
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And then we may want to regularize the indents as in the drop ladder layout. Let’s call this a
dropped step layout:

I

display width

+| Ly |

+’ Lq ‘

14.3 Strategy

Here is the basic procedure for deciding which equation layout to use, before complications like
equation numbers and delimiter clearance come into the picture. Let A be the available width,
Wiotal the total width of the equation contents, w(L) the width of the left-hand side, wyax(R) the
max width of the right-hand sides, I the standard indent for step layout, and O the standard offset
for binary operators if a break occurs in the middle of an RHS. Also let ¢;, and ¢r represent certain
thresholds for the width of the LHS or the RHS at which a layout decision may change, as explained
below.

(1)

(2)

Does everything fit on one line? wiotal < A?

Yes: print the equation on a single line (done).

No: Check whether the equation has both LHS and RHS (2).

Is there a left-hand side? Are there any relation symbols in the equation?

Yes: Try a ladder layout (3).

No: Try a step layout (10).

Does the LHS leave room to fit the widest RHS? w(L) + wmax(R) < A?

Yes: Use a straight ladder layout (5).

No: Check the width of the LHS (4).

Is the LHS relatively short? w(L) < tr? (where tr is typically 0.4A4).

Yes: Subdividing one or more of the RHS’s may permit us to use a straight ladder layout (5).

No: The straight ladder layout is unlikely to work. Try a skew or drop ladder layout (6).

Straight ladder layout Set up a straight ladder parshape [Opt A w(L) A — w(L)] and run a trial
break. If the combined width of the LHS plus the longest RHS is no greater than A then we should
get a satisfactory layout with all line breaks occurring at major division points (relation symbols).

Otherwise, we hope, some additional line breaks at minor division points will allow everything to fit
within the text column.

Line breaks OK?

Yes: The straight ladder layout succeeded (done).

No: Try a skew or drop ladder layout (6).

Do the LHS and the first RHS fit on one line? w(L) + w(R1) < A?
Yes: Try a skew ladder layout (7).

No: Try a drop ladder layout (8).
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(7)

(10)

(11)

15

Skew ladder layout Set up a parshape [Opt A I A — I| and run a trial break.

Line breaks OK?

Yes: Skew ladder layout succeeded (done).

No: One of the unbreakable fragments of the R; (¢ > 1) is wider than A — I; try an almost-columnar
layout (9).

Drop ladder layout Set up a parshape [Opt w(L) I A — I] and run a trial break. This is the same
parshape as for a skew ladder layout except that the width of the first line is limited to the LHS
width, so that the RHS is forced to drop down to the next line.

Line breaks OK?

Yes: Drop ladder layout succeeded (done).

No: One of the unbreakable fragments of the R; (¢ > 1) is wider than A — I; try an almost-columnar
layout (9).

Almost-columnar layout This presupposes a trial break that yielded a series of expressions or frag-
ments, one per line. Let w(F) denote the width of the first fragment and w(R;) the widths of the
remaining fragments. Set up a parshape [Opt w(F) A — Wmax(Ri) Wmax(R;)]: in other words, set
the first line flush left and the longest line flush right and all other lines indented to the same posi-
tion as the longest line. But as a matter of fact there is one other refinement for extreme cases: if
Wmax (Ri) > A then the parshape can be simplified without loss to [Opt w(F') Opt A]—for that is the
net effect of substituting min(A4, wmax) in stead of wmax. (Done.)

Step layout Set target width wr to A —21. Set parshape to [Opt wr I wr —1 2] wr—21 ... (I—-1)I
wy — (I —1)I], where | = [wiota1/A] is the expected number of lines that will be required. Trial break
with that parshape in order to find out the width of the last line.

Indents OK?
Yes: Step layout succeeded (done).

No: One of the fragments is too wide to fit in the allotted line width, after subtracting the indent
specified by the parshape. Try a dropped step layout (11)

Dropped step layout Set up a parshape [Opt A I A—I] and run a trial break. Note that this is actually
the same parshape as for a skew ladder layout.

Line breaks OK?
Yes: Dropped step layout succeeded (done).

No: One of the unbreakable fragments of the R; (i > 1) is wider than A — I; as a last resort try an
almost-columnar layout (9).

To do

Handling of QED

Space between \end{dmath} and following punctuation will prevent the punctuation from
being drawn into the equation.

Overriding the equation layout
Overriding the placement of the equation number

“alignid” option for more widely separated equations where shared alignment is desired (re-
quires two passes)
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Or maybe provide an “alignwidths” option where you give lhs/rhs width in terms of ems?
And get feedback later on discrepancies with the actual measured contents?

\intertext not needed within dgroup! But currently there are limitations on floating objects
within dgroup.

align={13} or 2, 3, 4 expressing various levels of demand for group-wide alignment. Level 4
means force alignment even if some lines then have to run over the right margin! Level 1,
the default, means first break LHS-RHS equations as if it occurred by itself, then move them
left or right within the current line width to align them if possible. Levels 2 and 3 mean try
harder to align but give up if overfull lines result.

Need an \hshift command to help with alignment of lines broken at a discretionary times
sign. Also useful for adjusting inside-delimiter breaks.
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Part II
Implementation

The package version here is Michael’s v0.90 updated by Bruce Miller. Michael’s changes
between v0.90 and his last v0.94 will be incorporated where applicable.

The original sources of breqn and related files exist in a non-dtx format devised by Michael
Downes himself. Lars Madsen has kindly written a Perl script for transforming the original
source files into near-perfect dtx state, requiring only very little hand tuning. Without his
help it would have been nigh impossible to incorporate the original sources with Michael’s
comments. A big, big thank you to him.

16 Introduction

The breqgn package provides environments dmath, dseries, and dgroup for displayed equations
with automatic line breaking, including automatic indention of relation symbols and binary
operator symbols at the beginning of broken lines. These environments automatically pull
in following punctuation so that it can be written in a natural way. The breqn package also
provides a darray environment similar to the array environment but using \displaystyle for
all the array cells and providing better interline spacing (because the vertical ruling feature of
array is dropped). These are all autonumbered environments like equation and have starred
forms that don’t add a number. For a more comprehensive and detailed description of the
features and intended usage of the breqn package see breqndoc.tex.

17 Strategy

Features of particular note are the ability to have linebreaks even within a \left—\right
pair of delimiters, and the automatic alignment on relations and binary operators of a split
equation. To make dmath handle all this, we begin by setting the body of the equation in a
special paragraph form with strategic line breaks whose purpose is not to produce line breaks
in the final printed output but rather to mark significant points in the equation and give us
entry points for unpacking \left—\right boxes. After the initial typesetting, we take the
resulting stack of line fragments and, working backward, splice them into a new, single-line
paragraph; this will eventually be poured into a custom parshape, after we do some measuring
to calculate what that parshape should be. This streamlined horizontal list may contain
embedded material from user commands intended to alter line breaks, horizontal alignment,
and interline spacing; such material requires special handling.

To make the ‘shortskip’ possibility work even for multiline equations, we must plug in a
dummy TgX display to give us the value of \predisplaysize, and calculate for ourselves
when to apply the short skips.

In order to measure the equation body and do various enervating calculations on whether
the equation number will fit and so on, we have to set it in a box. Among other things,
this means that we can’t unhbox it inside $3$...$$, or even $ ...$: TEX doesn’t allow you to
\unhbox in math mode. But we do want to unhbox it rather than just call \box, otherwise
we can’t take advantage of available shrink from \medmuskip to make equations shrink to fit
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in the available width. So even for simple one-line equations we are forced to fake a whole
display without going through TEX’s primitive display mechanism (except for using it to get
\predisplaysize as mentioned above).

In the case of a framed equation body, the current implementation is to set the frame in
a separate box, of width zero and height zero, pinned to the upper left corner of the equation
body, and then print the equation body on top of it. For attaching an equation number it
would be much simpler to wrap the equation body in the frame and from then on treat the
body as a single box instead of multiple line boxes. But I had a notion that it might be possible
some day to support vertical stretching of the frame.

18 Prelim

This package doesn’t work with I¥TEX 2.09, nor with other versions of IXTEX earlier than
1994/12/01.

1 (xpackage)

> \NeedsTeXFormat{LaTeX2e}

Declare package name and date.

s \RequirePackage{expl3}[2009/08/05]
+ \ProvidesExplPackage{breqn}{2017/01/27}{0.98e}{Breaking equations}

Regrettably, bregn is internally a mess, so we have to take some odd steps.
s \ExplSyntaxOff

19 Package options

Most options are set with the \options command (which calls \setkeys) because the standard
package option mechanism doesn’t provide support for key-value syntax.
First we need to get the catcodes sorted out.

\edef \breqnpopcats{/

\catcode\number ‘\"=\number\catcode ‘\"

\relax}
\AtEndOfPackage{\breqnpopcats}’
10 \catcode‘\"=7 \catcode‘\_=8 \catcode‘\"=12 \relax
11 \DeclareOption{mathstyleoff}{%
12 \PassOptionsToPackage{mathstyleoff}{flexisym}/,
13}

Process options.

© © N o

12 \ProcessOptions\relax

20 Required packages
The flexisym package makes it possible to attach extra actions to math symbols, in particu-

lar mathbin, mathrel, mathopen, and mathclose symbols. Normally it would suffice to call
\RequirePackage without any extra testing, but the nature of the package is such that it is
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\options

\options@a
\options@b
\options@c
\options@d

likely to be called earlier with different (no) options. Then is it really helpful to be always
warning the user about ‘Incompatible Package Options!’? T don’t think so.

15 \@ifpackageloaded{flexisym}{}{/
16 \RequirePackage{flexisym}[2009/08/07]

17 \edef\breqnpopcats{\breqnpopcats

18 \catcode\number ‘\"=\number\catcode ‘\"

19 \catcode\number ‘\_=\number\catcode‘\_

20  Yh

21 \catcode‘\"=7 \catcode‘\_=8 \catcode‘\"=12 \relax
22 }

The keyval package for handling equation options and calc to ease writing computations.
23 \RequirePackage{keyval,calc}\relax
And add an \options cmd for processing package options that require an argument. Maybe
this will get added to the keyval package eventually.
22 \@ifundefined{options}{/,

Get the package options and run setkeys on them.

»s \newcommand{\options}[2]{%

26 \expandafter\options@a\csname opt@#1.sty\endcsname{#2}}
o7 \setkeys{#1}{#2}/,

28 }

Redefine \opt@pkgname. sty as we go along to take out the options that are handled and leave
the ones that are not.

20 \def\options@a#1#2{%

0 \edef\@tempa{\options@b#2,\Q@empty\@nill}y

a1 \ifx#1\relax \let#1\@empty\fi

2 \xdef#1{#1\ifx#1\Qempty\@xp\Q@gobble\O@tempa\C@empty\else\Q@tempa \fil}%
33 }

Add the next option, and recurse if there remain more options.

3¢ \def\options@b#1,#2#3\@nil{}

35 \options@c#1 \@nil

36 \ifx#2\@empty \else\options@b#2#3\O@nil\fi
a7}

Discard everything after the first space.

33 \def\options@c#1 #2\@nil{\options@d#1=\@nil}

Discard everything after the first = sign; add a comma only if the remainder is not empty.
39 \def\options@d#1=#2\0@nil{\ifx\Q@empty #1\@empty\else,\fi#1}

The tail of the \@ifundefined test.
10 }3})% end @ifundefined test
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21 Some useful tools

\enx The comparative brevity of \@nx and \@xp is valuable not so much for typing convenience as
\exp for reducing visual clutter in code sections that require a lot of expansion control.

21 \let\@nx\noexpand
2 \let\@xp\expandafter

\@emptytoks Constant empty token register, analogous to \@empty.
s3 \@ifundefined{@emptytoks}{\newtoks\@emptytoks}{}

\feur Constants 0-3 are provided in plain TEX, but not 4.
2 \chardef\fQur=4

\inf@bad \inf@bad is for testing box badness.
45 \newcount\inf@bad \inf@bad=1000000

\maxint We want to use \maxint rather than coerced \maxdimen for \linepenalty in one place.
26 \newcount\maxint \maxint=2147483647

\int@a Provide some shorter aliases for various scratch registers.
\int@ ,; \let\intGa=\@tempcnta
\int@ 4 \let\int@b=\@tempcntb

20 \let\int@c=\count@

\dim@a Same for dimen registers.
\dim@b ; \let\dim@a\@tempdima
\dim@c 5 \let\dim@b\@tempdimb
\dim@d = \let\dim@c\@tempdimc
\dim@e 53 \let\dim@d\dimen®@
\dim@A 5 \let\dim@e\dimen@ii

55 \let\dim@A\dimen®@i

\skip@a Same for skip registers.

\skip@ \let\skip@a\@tempskipa

\skip@c s \let\skip@b\@tempskipb
55 \let\skip@c\skip@

\toks@a Same for token registers.
\toks@ ;, \let\toks@a\Otemptokena
\toks@c 4 \let\toks@b\toks@
\toks@d ¢ \toksdef\toks@c=2
\toks@e o> \toksdef\toks@d=4
\toks@f 63 \toksdef\toksQe=6

6« \toksdef\toks@f=8

\abs@num We need an absolute value function for comparing penalties.
65 \def\abs@num#i1{\ifnum#1<\z@-\fi#1}
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\@ifnext
\@ifnexta

\@ifstar

\Q@optarg

\@True
\@False
\@Not
\@And

\freeze@glue

The \@ifnext function is a variation of \@ifnextchar that doesn’t skip over intervening
whitespace. We use it for the optional arg of \\nside dmath etc. because we don’t want
unwary users to be tripped up by an unexpected attempt on IXTEX’s part to interpret a bit of
math as an optional arg:

\begin{equation}
NN

[z,w]...
\end{equation}

66 \def\@ifnext#1#2#3{/,

67 \let\@tempd= #1\def\Q@tempa{#2}\def\Qtempb{#3}/,
s \futurelet\@tempc\@ifnexta

69 }

Switch to \@tempa iff the next token matches.

70 \def\@ifnexta{\ifx\@tempc\@tempd \let\@tempb\@tempa \fi \@tempb}

Similarly let’s remove space-skipping from \@ifstar because in some rare case of \\nside an
equation, followed by a space and a * where the * is intended as the math binary operator, it
would be a disservice to gobble the star as an option of the \\ommand. In all other contexts
the chance of having a space before the star is extremely small: either the command is a control
word which will get no space token after it in any case because of TEX’s tokenization rules; or
it is a control symbol such as \\”*” which is exceedingly unlikely to be written as \\”*” by
any one who really wants the * to act as a modifier for the \\ommand.

7 \def\Q@ifstar#1#2{)

72 \let\@tempd*\def\Q@tempa*{#1}\def\Otempb{#2}}

73 \futurelet\@tempc\@ifnexta

7}

Utility function for reading an optional arg without skipping over any intervening spaces.
75 \def\@optarg#1#2{\Q@ifnext [{#1}{#1[#2]}}

After \1let\foo\@True the test
\if\foo
evaluates to true. Would rather avoid \newif because it uses three csnames per Boolean

variable; this uses only one.

76 \def\@True{00}

77 \def\@False{O1}

7 \def\@Not#1{O\ifcase#11 \or\@xp 1\else \@xp O\fi}
79 \def\@And#1#2{0\ifcase#1#2 \@xp O\else \@xp 1\fi}
g0 \def\@Or#1#2{0\ifnum#1#2<101 \@xp O\else \@xp 1\fi}

g1 \def\theb@@le#1{\if#1 True\else False\fi}

Remove the stretch and shrink from a glue register.
&2 \def\freeze@glue#1{#11#1\relax}
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\z@rule
\keepQglue

\replicate

\replicate@a

\8m

\8q

\mathchars@reset

Note well the intentional absence of \relax at the end of the replacement text of \z@rule;
use it with care.

83 \def\z@rule{\vrule\@width\z@}), no \relax ! use with care

Different ways to keep a bit of glue from disappearing at the beginning of a line after line
breaking:

e Zero-thickness rule
e Null character
e \vadjust{} (The TEXbook, Exercise 77)

The null character idea would be nice except it creates a mathord which then screws up math
spacing for e.g., a following unary minus sign. (the vrule is transparent to the math spacing).
The vadjust is the cheapest in terms of box memory—it vanishes after the pass through TEX’s
paragrapher. It is what I would have used, except that the equation contents get run through
two paragraphing passes, once for breaking up LR boxes and once for the real typesetting. If
\keep@glue were done with an empty vadjust, it would disappear after the first pass and—in
particular—the pre-bin-op adjustment for relation symbols would disappear at a line break.

s \def\keep@glue{\z@rule\relax}

This is a fully expandable way of making N copies of a token list. Based on a post of David
Kastrup to comp.text.tex circa January 1999. The extra application of \number is needed for
maximal robustness in case the repeat count N is given in some weird TEX form such as "E9
or \count9.

e % usage: \message{H\replicate{5}{i h}ow de doo dee!}

s \begingroup \catcode‘\&=11

7 \gdef\replicate#1{%

ss  \csname &\expandafter\replicate@a\romannumeral\number\number#1 000q\endcsname

89 }

o0 \endgroup

©

o1 \long\def\replicate@a#1#2\endcsname#3{#1\endcsname{#3}#2}

fix

92 \begingroup \catcode‘\&=11
03 \long\gdef\&m#1#2{#1\csname &#2\endcsname{#1}}
91 \endgroup

fix
o5 \@xp\let\csname\string &q\endcsname\@gobble

Need to patch up this function from flexisym a little, to better handle certain constructed
symbols like \neq.

96 \ExplSyntaxOn

o7 \g@addto@macro\mathcharsQreset{

s %\let\@symRel\@secondoftwo \let\@symBin\@secondoftwo

9 %\let\@symDeL\@secondoftwo \let\@symDeR\@secondoftwo
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\eq@cons

\@saveprimitive

w0 %\let\@symDeB\@secondoftwo

101 \cs_set_eq:NN \math_csym_Rel:Nn \use_ii:
102 \cs_set_eq:NN \math_csym_Bin:Nn \use_ii:
103 \cs_set_eq:NN \math_csym_DeL:Nn \use_ii:
104 \cs_set_eq:NN \math_csym_DeR:Nn \use_ii:
105 \cs_set_eq:NN \math_csym_DeB:Nn \use_ii:
106 }

107 \ExplSyntax0ff

EEBEEE

ETEX’s \@cons appends to the end of a list, but we need a function that adds material at the
beginning.

108 \def\eq@cons#1#2{J,

109 \begingroup \let\@elt\relax \xdef#1{\@elt{#2}#1}\endgroup

10 }

If some preceding package redefined one of the primitives that we must change, we had better
do some checking to make sure that we are able to save the primitive meaning for internal use.
This is handled by the \@saveprimitive function. We follow the example of \@@input where
the primitive meaning is stored in an internal control sequence with a @@ prefix. Primitive
control sequences can be distinguished by the fact that \string and \meaning return the same
information. Well, not quite all: \nullfont and \topmark and the other \...mark primitives
being the exceptions.

111 \providecommand{\@saveprimitivel}[2]{}

112 \begingroup

13 \edef\@tempa{\string#1}\edef\@tempb{\meaning#11}/,

s \ifx\O@tempa\@tempb \global\let#2#1

115 \else

If [argl] is no longer primitive, then we are in trouble unless [arg2] was already given the
desired primitive meaning somewhere else.

116 \edef\Qtempb{\meaning#2}J,

117 \ifx\@tempa\@tempb

118 \else \@saveprimitive®@a#1#2
119 \fi

120 \fi

11 \endgroup

12 }

Aux function, check for the special cases. Most of the time this branch will be skipped so we
can stuff a lot of work into it without worrying about speed costs.

123 \providecommand\@saveprimitive@al[2]{}

122 \begingroup

15 \def\O@tempb##1#1##2{\edef \@tempb{##2}\C@car{}}%
16 \@tempb\nullfont{select font nullfont}’

127 \topmark{\string\topmark:}%

128 \firstmark{\string\firstmark:}%

129 \botmark{\string\botmark: 1}/,

130 \splitfirstmark{\string\splitfirstmark:1}/,
131 \splitbotmark{\string\splitbotmark:1}}

132 #1{\string#1}}
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\@@math
\@Q@endmath
\@edisplay

\@@enddisplay

\@Q@insert
\@@mark
\@@vadjust

\breqn@debugmsg

\debugwr

\debug@box

133

134

135

136

137

138

139

140

141

142

143

144

}

\@nil % for the \@car
\edef\@tempa{\expandafter\strip@prefix\meaning\Q@tempb}y,
\edef\@tempb{\meaning#1}J
\ifx\O@tempa\@tempb \globall\let#2#1
\else

\PackageError{breqn}’

{Unable to properly define \string#2; primitive
\noexpand#1ino longer primitive}\@eha

\fi
\fi
\endgroup

Move the math-start and math-end functions into control sequences. If I were redesigning TEX
I guess I'd put these functions into primitive control words instead of linking them to a catcode.
That way TEX would not have to do the special lookahead at a $ to see if there’s another one
coming up. Of course that’s related to the question of how to provide user shorthand for
common constructions: TEX, or an editing interface of some sort.

145

146

147

148

149

\begingroup \catcode‘\$=\thr@@ J, just to make sure

\global\let\@@math=$ \gdef\@@display{$$}’% $$$

\endgroup
\let\@@endmath=\@@math
\let\@Q@enddisplay=\@@display

Save the primitives \vadjust, \insert, \mark because we will want to change them locally
during equation measuring to keep them from getting in the way of our vertical decomposition
procedures. We follow the example of \@@input, \@@end, \@@par where the primitive meaning
is stored in an internal control sequence with a @@ prefix.

150 \@saveprimitive\vadjust\@@vadjust
151 \@saveprimitive\insert\@@insert
152 \@saveprimitive\mark\@@mark

22 Debugging

Debugging help.

153 (xtrace)
154 \errorcontextlines=2000\relax

Print a debugging message.
155 \long\def\breqn@debugmsg#1{\GenericInfo{||}{||=\space#1}}

Sometimes the newline behavior of \message is unsatisfactory; this provides an alternative.
156 \def\debugwr#1{\immediate\write\sixt@@n{|[= #1}}

Record the contents of a box in the log file, without stopping.
157 \def \debug@box#1{},

158

159

160

}

\batchmode{\showboxbreadth\maxdimen\showboxdepth99\showbox#1}},
\errorstopmode
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\eqinfo

\debug@para

\eqgfontsize
\eqgcolor
\egmargin
\eqindent
\egbinoffset
\egnumside
\eqnumplace
\eqnumsep
\eqnumfont
\egnumform
\eqnumsize
\egnumcolor
\eqlinespacing
\eqlineskip
\eqlineskiplimit
\egstyle
\eginterlinepenalty
\interegpenalty
\intereqgskip

Show lots of info about the material before launching into the trials.

161 \def\eqginfod{},

162 \debug@box\EQ@copy

163 \wlog{!! EQ@copy: \the\wd\EQ@copy\space x
164 \the\ht \EQ@copy+\the\dp\EQ@copy

w65 M4

166 }

Check params that affect line breaking.

167 \def \debug@para{y,

165 \debugwr{\hsize\the\hsize, \parfillskip\the\parfillskip}}

160 \breqgn@debugmsg{\leftskip\the\leftskip, \rightskip\the\rightskip}J

170 \bregn@debugmsg{\linepenalty\the\linepenalty, \adjdemerits\the\adjdemerits}}

171 \breqgn@debugmsg{\pretolerance\the\pretolerance, \tolerance\the\tolerance,
172 \parindent\the\parindent}),
173 }

174 (/trace)

23 The \listwidth variable

The dimen variable \1istwidth is \linewidth plus \leftmargin plus \rightmargin, which
is typically less than \hsize if the list depth is greater than one. In case a future package will
provide this variable, define it only if not yet defined.

175 \@ifundefined{listwidth}{\newdimen\listwidth}{}

176 \1listwidth=\z@

24 Parameters
Here follows a list of parameters needed.

Note: avoid M, m, P, p because they look like they might be the start of a keyword ‘minus’
or ‘plus’. Then TEX looks further to see if the next letter is i or l. And if the next thing is an
undefined macro, the attempt to expand the macro results in an error message.

177 \def\eqfontsize{} % Inherit from context [NOT USED?]

178 \def\eqcolor{black} % Default to black [NOT USED7]

170 \newdimen\eqnumsep \eqnumsep=10pt % Min space between equ number and body

150 \newdimen\eqmargin \eqmargin=8pt % For ‘multline’ gap emulation

The \eqindent and \eqnumside variables need to have their values initialized from context,
actually. But that takes a bit of work, which is postponed till later.

11 \def\eqindent{C}/, % C or I, centered or indented
122 \def\eqnumside{R}% % R or L, right or left
183 \def\eqnumplace{M}% % M or T or B, middle top or bottom

Typesetting the equation number is done thus:

{\egnumcolor \eqnumsize \eqnumfont{\eqnumform{\eq@numberl}}}
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184 hd\eqnumfont{\upshape}’ ¥ Upright even when surrounding text is slanted

185 \def\eqnumfont{}/ % Null for easier debugging [mjd,1997/09/26]
186 \def\eqnumform#1{(#1\@@italiccorr)} %, Add parens
157 \def\eqnumsize{} % Allow numbers to have different typesize ...

Tricky questions on \eqnumsize. Should the default be \normalsize? Then the user can

scale down the equation body with \small and not affect the equation number. Or should

the default be empty? Then in large sections of smaller text, like the dangerous bend stuff

in TgXbook, the equation number size will keep in synch with the context. Maybe need an
\egbodysize param as well to allow separating the two cases.

188 \def\eqnumcolor{} % ... or color than eq body e.g. \color{blue}

189 \newlength\eqlinespacing \eqlinespacing=14pt plus2pt % Base-to-base space between lines

10 \newlength\eqlineskip \eqlineskip=3pt plus2pt % Min space if eqlinespacing too small

101 \newdimen\eqlineskiplimit \eqlineskiplimit=2pt % Threshold for switching to eqlineskip
The value of \egbinoffset should include a negative shrink component that cancels the
shrink component of medmuskip, otherwise there can be a noticeable variation in the indent

of adjacent lines if one is shrunken a lot and the other isn’t.

102 \newmuskip \egbinoffset \egbinoffset=15mu minus-3mu % Offset from mathrel alignment pt for mathbins
103 \newmuskip\eqdelimoffset \eqdelimoffset=2mu % Additional offset for break inside delims

104+ \newdimen\eqindentstep \eqindentstep=8pt % Indent used when LHS wd is n/a or too large
105 \newtoks\egstyle % Customization hook
196 \newcount\egbreakdepth \egbreakdepth=2 % Allow breaks within delimiters to this depth

17 \newcount \eqinterlinepenalty \eqinterlinepenalty=10000 % No page breaks between equation lines

108 \newcount \intereqpenalty \intereqpenalty=1000 % Pagebreak penalty between equations [BRM: Was \@M]
199 \newlength \intereqskip \intereqskip=3pt plus2pt 7, Additional vert space between equations

200 \newcount\prerelpenalty \prerelpenalty=-\@M 7% Linebreak penalty before mathrel symbols

200 \newcount\prebinoppenalty \prebinoppenalty=888 % Linebreak penalty before mathbins

When breaking equations we never right-justify, so a stretch component of the muskip is
never helpful and sometimes it is definitely undesirable. Note that thick/medmuskips frozen
inside a fraction or radical may turn out noticeably larger than neighboring unfrozen ones.
Nonetheless I think this way is the best compromise short of a new TEX that can make those
built-up objects shrink horizontally in proportion; the alternative is to pretty much eliminate
the shrink possibility completely in displays.

202 \newmuskip \Dmedmuskip \Dmedmuskip=4mu minus 3mu % medmuskip in displays

203 \newmuskip \Dthickmuskip \Dthickmuskip=bmu minus 2mu % thickmuskip in displays

And now some internal variables. 1997/10/22: some of these are dead branches that need
to be pruned.
MH: Started cleaning up a bit. No more funny loops.

204 \def\eq@number{} % Internal variable

205 \newlength\eqleftskip \eqleftskip=\@centering 7 Space on the left [NOT USED?]

206 \newlength\eqrightskip \eqrightskip=\Q@centering 7 Space on the right [NOT USED?]

207 \newlength\eq@vspan \eq@vspan=\z@skip % Glue used to vcenter the eq number

208 \newmuskip\eq@binoffset \eq@binoffset=\egbinoffset % Roughly, \egbinoffset + \eqdelimoffset
200 \newsavebox\EQ@box % Storage for equation body

210 \newsavebox\EQ@copy % For eq body sans vadjust/insert/mark material

211 \newsavebox\EQ@numbox % For equation number
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212 \newdimen\eq@wdNum % width of number + separation [NEW]

213 \newsavebox\GRP@numbox % For group number [NEW]

214 \newdimen\grp@wdNum % width of number + separation [NEW]

215 %hAB\EQ@vimbox % Vadjust, insert, or mark material

216 %AB\EQ@vimcopy % Spare copy of same

217 %%4B\eq@impinging % Temporary box for measuring number placement
215 \newcount \eq@lines % Internal counter, actual number of lines
219 \newcount \eg@curline % Loop counter

20 \newcount \eq@badness % Used in testing for overfull lines

221 \newcount \EQ@vims % For bookkeeping

22 \def\@eq@numbertrue{\let\eq@hasNumber\@Truel}y,
23 \def\@eq@numberfalse{\let\eq@hasNumber\Q@Falsel}y
224 \let\eq@hasNumber\@False

Here for the dimens, it would be advisable to do some more careful management to conserve
dimen registers. First of all, most of the dimen registers are needed in the measuring phase,
which is a tightly contained step that happens after the contents of the equation have been
typeset into a box and before any external functions have a chance to regain control—e.g.,, the
output routine. Therefore it is possible to make use of the the dimen registers 0-9, reserved
by convention for scratch use, without fear of conflict with other macros. But I don’t want to
use them directly with the available names:

\dimen@ \dimen®@i \dimen®@ii \dimen3 \dimen4 ... \dimen9

. It would be much more useful to have names for these registers indicative of way they are
used.

Another source whence dimen registers could be borrowed is the amsmath package, which
allocates six registers for equation-measuring purposes. We can reuse them under different
names since the amsmath functions and our functions will never be used simultaneously.

\eqnshift@ \alignsep@ \tagshift@ \tagwidth@ \totwidth@ \lineht®@

225 \newdimen\eq@dp % Depth of last line

26 \newdimen\eq@wdL % Width of the left-hand-side

227 \newdimen\eq@wdT % Total width for framing

228 \newdimen\eq@wdMin % Width of narrowest line in equation
220 \newdimen\grp@wdL % Max width of LHS’s in a group

230 \newdimen\grp@wdR % Max RHS of all equations in a group

231 \newdimen\grp@wdT
232 \newdimen\eq@wdRmax
233 \newdimen\eq@firstht % Height of first line

BRM: measure the condition too.

232 \newdimen\eq@wdCond

235 \newdimen\eq@indentstep % Indent amount when LHS is not present
236 \newdimen\eq@linewidth 7 Width actually used for display

237 \newdimen\grp@linewidth % Max eq@linewidth over a group

Maybe \eq@hshift could share the same register as \mathindent [mjd,1997,/10/22].

233 \newdimen\eq@hshift
230 \let\eq@isIntertext\@False

32



\eg@overrun

Init \eq@indentstep to a nonzero value so that we can detect and refrain from clobbering a
user setting of zero. And \eq@sidespace to \maxdimen because that is the right init before
computing a min.

220 \eq@indentstep=\maxdimen

21 \newdimen\eq@given@sidespace

MH: Appears to be unused.
Not a dimen register; don’t need to advance it.

22 \def\eq@overrun{Opt}

To initialize \eqnumside and \eqindent properly, we may need to grub around a bit in
\@filelist. However, if the amsmath package was used, we can use its option data. More
trouble: if a documentclass sends an option of leqno to amsmath by default, and it gets
overridden by the user with a reqno documentclass option, then amsmath believes itself to
have received both options.

213 \Q@ifpackagewith{amsmath}{leqno}{%

24 \@ifpackagewith{amsmath}{reqno}{}{\def\eqnumside{L}}’

25

If the amsmath package was not used, the next method for testing the legno option is to see
if legno.clo is present in \@filelist.

26 \def\@tempa#1,leqno.clo,#2#3\@nil{/

247 \ifx @#2\relax\else \defl\eqnumside{L}\fi

a5 }h

220 \@xp\@tempa\@filelist,leqno.clo,@\@nil

Even that test may fail in the case of amsart if it does not load amsmath. Then we have
to look whether \iftagsleft@ is defined, and if so whether it is true. This is tricky if you
want to be careful about conditional nesting and don’t want to put anything in the hash table
unnecessarily.

250 \if L\egnumside

251 \else

252 \@ifundefined{iftagsleft@}{}{/

253 \edef\eqnumside{’,

254 \if TT\csname fil\endcsname\csname iftagsleft@\endcsname
255 L\else R\fi

256 }%

257 }

258 \fi

259 }

A similar sequence of tests handles the ‘fleqn or not fleqn’ question for the article and amsart
documentclasses.

260 \@ifpackagewith{amsmath}{fleqn}{%
261 \def\eqindent{I}}

262 Hh

263 \def\@tempa#1l,fleqn.clo,#2#3\@nil{}

264 \ifx @#2\relax\else \defleqindent{I}\fi
25 Y

266 \@xp\@tempa\@filelist,flegn.clo,@\@nil
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\EQ@hasLHS

\EQ@QED

\mark@lhs

267 \1if I\eqindent
268 \else

260 \@ifundefined{if@fleqn}{}{%

270 \edef\eqindent{Y

271 \if TT\csname filendcsname\csname if@flegn\endcsname
272 I\else C\fi

273 iy

274 jyA

275 \fi

276}

BRM: This conditional implies we must use ALL indented or ALL centered?

217 B\1f I\eqindent
278 \@ifundefined{mathindent}{/

279 \newdimen\mathindent

20 Hu

281 \@ifundefined{@mathmargin}{}{/%
282 \mathindent\@mathmargin

283 }%

284 }

285 SH\E1

25 Measuring equation components

Measure the left-hand side of an equation. This function is called by mathrel symbols. For
the first mathrel we want to discourage a line break more than for following mathrels; so
\mark@lhs gobbles the following \rel@break and substitutes a higher penalty.

Maybe the LHS should be kept in a separate box.

Boolean: does this equation have a “left-hand side”?
26 \let\EQ@hasLHS=\Q@False

If nonempty: the ged material that should be incorporated into this equation after the final
punctuation.

257 \1et\EQ@QED=\Qempty

288 \def\mark@lhs#1{%
280 \ifnum\lr@level<\@ne

200 \let\mark@lhs\relax

201 \global\let\EQ@hasLHS=\@True

292 \global\let\EQ@prebin@space\EQ@prebin@space@a
203 \mark@lhs@a

But the penalty for the first mathrel should still be lower than a binoppenalty. If not, when the
LHS contains a binop, the split will occur inside the LHS rather than at the mathrel. On the
other hand if we end up with a multline sort of equation layout where the RHS is very short,
the break before the relation symbol should be made less desirable than the breakpoints inside
the LHS. Since a lower penalty takes precedence over a higher one, we start by putting in the
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\mark@lhs@a

\hiderel

\m@@Bin
\m@@Rel
\bin@break
\rel@break
\bin@mark
\rel@mark
\d@eBin
\d@@Rel

highest relpenalty; during subsequent measuring if we find that that RHS is not excessively
short then we put in an extra “normal” relpenalty when rejoining the LHS and RHS.

204 \penalty9999 7 instead of normal \rel@break
205 % else no penalty = forbid break

296 \fi

297 }

Temporarily add an extra thickmuskip to the LHS; it will be removed later. This is necessary
to compensate for the disappearance of the thickmuskip glue preceding a mathrel if a line break
is taken at that point. Otherwise we would have to make our definition of mathrel symbols
more complicated, like the one for mathbins. The penalty of 2 put in with vadjust is a flag for
\eq@repack to suggest that the box containing this line should be measured to find the value
of \eq@wdL. The second vadjust ensures that the normal prerelpenalty and thickmuskip will
not get lost at the line break during this preliminary pass.

BRM: I originally thought the \mskip\thickmuskip was messing up summation limits in
LHS. But I may have fixed that problem by fixing other things. ..
205 \def\mark@lhs@a{7
200 \mskip\thickmuskip \@@vadjust{\penalty\tw@}\penalty-\@Mi\@@vadjust{}
300 }

If you want the LHS to extend past the first mathrel symbol to a following one, mark the first
one with \hiderel:

a \hiderel{=} b = c...

I’m not sure now why I didn’t use \begingroup \endgroup here

mjd,1999/01/21

300 \newcommand\hiderel [1]{\mathrel{\advance\lr@level\@ne#1}}

cf. flexisym handling of mathbins and mathrels. These are alternate definitions of \m@Bin and
\m@Rel, activated by \display@setup.

302 hhhh\1et\m@@Bin\m@Bin

303 %hhhh\let\m@ORel\m@Rel

304 \let\EQ@prebin@space\relax

305 \def \EQ@prebin@space@a{\mskip-\eq@binoffset \keep@glue \mskip\eq@binoffset}
306 \def\bin@break{\ifnum\lastpenalty=\z@\penalty\prebinoppenalty\fi

307 \EQ@prebin@space}

308 \def\rel@break{’,

30 \ifnum\abs@num\lastpenalty <\abs@num\prerelpenalty

310 \penalty\prerelpenalty
311 \fi
312 }

313 \ExplSyntaxOn
3 %% \def\d@@Bin{\bin@break \m@@Bin}
315 %hhh\def\d@ORel{\mark@lhs \rel@break \mQ@@Rell}
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\m@@symRel
\d@@symRel
\m@@symBin
\d@@symBin
\m@@symDel
\d@@symDel
\m@@symDeR
\de@symDeR
\m@@symDeB
\d@@symDeB
\m@@symDeA
\d@@symDeA

\display@setup
\everydisplay

316 \cs_set:Npn \math_dsym_Bin:Nn {\bin@break\math_bsym_Bin:Nn}
317 \cs_set:Npn \math_dsym_Rel:Nn {\mark@lhs \rel@break \math_bsym_Rel:Nn }
315 \ExplSyntax0ff

The difficulty of dealing properly with the subscripts and superscripts sometimes appended to
mathbins and mathrels is one of the reasons that we do not attempt to handle the mathrels
as a separate ‘column’ a la eqnarray.

More of the same.

319 \ExplSyntaxOn

320 %k\let\m@@symRel\@symRel

21 hhh\def\d@@symRel{\mark@lhs \rel@break \m@@symRel}

322

323 \cs_set_protected:Npn \math_dcsym_Bin:Nn {\bin@break \math_bcsym_Bin:Nn}
324 \cs_set_protected:Npn \math_dcsym_Rel:Nn { \mark@lhs \rel@break \math_bcsym_Rel:Nn}
325

326

327 %%\1let\m@@symBin\@symBin \def\d@@symBin{\bin@break \m@@symBin}

328 h/%h\let\m@@symDel\@symDel

320 %%\let\m@@symDeR\@symDeR

330 %h%h\let\m@@symDeB\@symDeB

331 hkh\let\m@@symDeA\@symDeA

332

Setup. Note that IATEX reserves the primitive \everydisplay under the name \frozen®@everydisplay.
BRM: Disable this! It also affects non-breqn math!!!!

333 %\global\everydisplay\expandafter{\the\everydisplay \display@setup}
Change some math symbol function calls.

334 \def\display@setup{’%

335 \medmuskip\Dmedmuskip \thickmuskip\Dthickmuskip

336 \math_setup_display_symbols:

337 h%\1let\m@Bin\d@O@Bin \let\m@Rel\d@CRel

333 hh\let\@symRel\d@@symRel \let\@symBin\d@@symBin

339 %%h\let\m@DeL\d@@DeL \let\m@DeR\d@@DeR \let\m@DeB\d0@@DeB

320 hh\let\m@DeA\d@@DeA

a1 %h\let\@symDeL\d@@symDeL \let\@symDeR\d@@symDeR

322 %%h\let\@symDeB\d@@symDeB \let\@symDeA\d@@symDeA

33 \let\left\eq@left \let\right\eq@right \global\lr@level\z@

34 \global\eq@wdCond\z@ %BRM: new

If we have an embedded array environment (for example), we don’t want to have each math
cell within the array resetting \1r@level globally to 0—not good! And in general I think it is
safe to say that whenever we have a subordinate level of boxing we want to revert to a normal
math setup.

35 \everyhbox{\everyhbox\@emptytoks

346 \let\display@setup\relax \textmath@setup \let\textmath@setup\relax
347 }%

315 \everyvbox{\everyvbox\@emptytoks

349 \let\display@setup\relax \textmath@setup \let\textmath@setup\relax
0 Yh

351 }
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\if@display
\everydisplay

The \textmath@setup function is needed for embedded inline math inside text inside a display.
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\def

M: DS Experiment: Variant of \display@setup for use within dseries environmnents

\dseries@display@setup{%
edmuskip\Dmedmuskip \thickmuskip\Dthickmuskip
ath_setup_display_symbols:
\let\mOBin\d@@Bin
let\m@Rel\d@GRel
\let\@symRel\d@@symRel
\let\@symBin\d@@symBin
\let\m@DeL\d@@DeL \let\m@DeR\d@@DeR \let\m@DeB\d@@DeB
\let\m@DeA\deeDeA
\let\@symDeL\d@@symDeL \let\@symDeR\d@@symDeR
\let\@symDeB\d@@symDeB \let\@symDeA\d@@symDeA
et\left\eq@left \let\right\eq@right \global\lr@level\z@
veryhbox{\everyhbox\@emptytoks
\let\display@setup\relax \textmath@setup \let\textmath@setup\relax

veryvbox{\everyvbox\@emptytoks
\let\display@setup\relax \textmath@setup \let\textmath@setup\relax

splaystyle

\textmath@setup{’%

\math_setup_inline_symbols:

Ttk
Thhh
hhhh
Tt
Thhh
hhhh

\1
}

\Exp

\1let\m@Bin\m@@Bin \let\m@Rel\m@CRel

\let\@symRel\m@@symRel \let\@symBin\m@@symBin

\let\m@DeL\m@@DeL \let\m@DeR\m@@DeR \let\m@DeB\m@@DeB

\let\m@DeA\m@@DeA

\let\@symDeL\m@@symDeL \let\@symDeR\m@@symDeR

\let\@symDeB\m@@symDeB \let\@symDeA\m@0symDeA
et\left\@@left \let\right\@@right

1Syntax0ff

The test \if inner is unreliable for distinguishing whether we are in a displayed formula or an
inline formula: any display more complex than a simple one-line equation typically involves
the use of $ \displaystyle ...$ instead of $$...$$. So we provide a more reliable test. But
it might have been provided already by the amsmath package.

384

385

386

387

\@if
\@
\e

H>

I

undefined{@displaytrue}{/,
xp\newif\csname if@display\endcsname
verydisplay\@xp{\the\everydisplay \@displaytruel}’

s there any reason to maintain separate \everydisplay and \eqstyle?

26 The dmath and dmath* environments

Options for the dmath and dmath* environments.
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\begin{dmath} [label={eq:xyz}]
\begin{dmath} [labelprefix={eq:},label={xyz}]

WSPR: added the option for a label prefix, designed to be used in the preamble like so:
\setkeys{breqn}{labelprefix={eq:}}

333 \define@key{breqn}{labell}{%

39 \edef\next@label{\noexpand\label{\next@label@pre#1}1}}
300 \let\next@label@pre\@empty}

301 \define@key{breqn}{labelprefix}{\def\next@label@pre{#1}}
32 \global\let\next@label\@empty

303 \global\let\next@label@pre\Q@empty

Allow a variant number.
\begin{dmath} [number={\nref{foo}\textprimel}]
304 \define@key{breqn}{number}{\def\eq@number{#1}%

35 \let\@currentlabel\eq@number
396 }

\begin{dmath} [shiftnumber]
\begin{dmath} [holdnumber]
Holding or shifting the number.

307 \define@key{breqn}{shiftnumber}{\let\eq@shiftnumber\@True}
305 \def ine@key{bregn}{holdnumber}{\let\eq@holdnumber\@True}

\begin{dmath} [density={.5}]
399 \define@key{breqn}{density}{\def\eq@density@factor{#1}}

\begin{dmath} [indentstep={1lem}]

To change the amount of indent for post-initial lines. Note: for lines that begin with a mathbin
symbol there is a fixed amount of indent already built in (\eqgbinoffset) and it cannot be
reduced through this option. The indentstep amount is the indent used for lines that begin

with a mathrel symbol.
a0 \define@key{breqn}{indentstep}{\eqindentstep#i\relax}

\begin{dmath} [compact]
\begin{dmath} [compact=-2000]

To make mathrels stay inline to the extent possible, use the compact option. Can give a
numeric value in the range —10000...10000 to adjust the behavior. —10000: always break at
a rel symbol; 10000: never break at a rel symbol.

201 \define@key{breqn}{compact}[-99]{\prerelpenalty=#1\relax}

\begin{dmath} [1layout={S}17%
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Specify a particular layout. We take care to ensure that \eq@layout ends up containing one
and only one letter.

202 \define@key{breqn}{layout} [?]1{%

203 \edef\eq@layout{\Qcar#17\@nil}y,

404 }

\begin{dmath} [spread={1pt}]

To change the interline spacing in a particular equation.

205 \def ine@key{breqn}{spread}{’

206  \addtolength\eqlinespacing{#1}/,

207 \addtolength\eqlineskip{#11}7

208  \eqlineskiplimit\eqlineskip

409 }

To change the amount of space on the side for “multline” layout.
210 \define@key{breqn}{sidespace}{’

s1 \setlength\eq@given@sidespace{#1}%

412 }

\begin{dmath}[style={\small}]

The style option is mainly intended for changing the type size of an equation but as a matter
of fact you could put arbitrary XTEX code here—thus the option name is ‘style’ rather than
just ‘typesize’. In order for this option to work when setting options globally, we need to put
the code in \egstyle rather than execute it directly.

213 \define@key{breqn}{style}{\eqgstyle\@xp{\the\egstyle #1}}

\begin{dmath} [shortskiplimit={1em}]

If the line immediately preceeding a display has length [, the first line of the display is
indented ¢, and a shortskip limit s is set, then the spacing above the display is equal to
\abovedisplayshortskip if [ + s < 7 and \abovedisplayskip otherwise. The default short-
skip limit is 2 em which is what TEX hardcodes but this parameter overrides that.

214 \define@key{breqn}{shortskiplimit}{\def\eq@shortskiplimit{#1}}

215 \def\eq@shortskiplimit{2em}

\begin{dmath} [frame]

The frame option merely puts a framebox around the body of the equation. To change the
thickness of the frame, give the thickness as the argument of the option. For greater control,
you can change the appearance of the frame by redefining \eqframe. It must be a command
taking two arguments, the width and height of the equation body. The top left corner of the
box produced by \eqframe will be pinned to the top-left corner of the equation body.

s16 \define@key{breqn}{framel} [\fboxrule] {\def\eq@frame{T}

47 \dim@a#1\relax\edef\eq@framewd{\the\dim@al}y,

Until such time as we provide a frame implementation that allows the frame to stretch and
shrink, we’d better remove any stretch/shrink from the interline glue in this case.

215 \freeze@glue\eqlinespacing \freeze@glue\eqlineskip

419 }
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20 \define@key{breqn}{fullframe} []{\def\eq@frame{U}%
21 \freeze@glue\eqlinespacing \freeze@glue\eqlineskip

422 }
223 \def\eq@frame{F} % no frame
24 \def\eq@framewd{\fboxrule}

Wishful thinking?
\begin{dmath} [frame={width={2pt}, color={bluel},sep={2pt}}]

To change the space between the frame and the equation there is a framesep option.
25 \define@key{breqn}{framesep}[\fboxsepl{%

26  \if\eq@frame F\def\eq@frame{T}\fi

w27 \dim@a#1\relax \edef\eq@framesep{\the\dim@al}},

28  \freeze@glue\eqlinespacing \freeze@glue\eqlineskip

29 F
130 \def\eq@framesep{\fboxsep}

\begin{dmath} [background={red}]

Foreground and background colors for the equation. By default the background area that
is colored is the size of the equation, plus fboxsep. If you need anything fancier for the
background, you’d better do it by defining \eqframe in terms of \colorbox or \fcolorbox.
231 \define@key{breqn}{background}{\def\eq@background{#1}%

222 \freeze@glue\eqlinespacing \freeze@glue\eqlineskip

433 }

44 %  \end{macrocode}

435 % \begin{literalcode}

236 % \begin{dmath}[color={purple}]

437 % \end{literalcode}

a8 % \begin{macrocode}

230 \def ine@key{breqn}{color}{\def\eq@foreground{#1}}

\begin{dmath} [center]
\begin{dmath} [nocenter]

The center option means add leftskip stretch to make the individual lines be centered; this
is the default for dseries.

20 \define@key{breqn}{center}[]{\let\eq@centerlines\@True}

41 \define@key{breqn}{nocenter}[]{\let\eq@centerlines\@False}

22 \let\eq@centerlines\@False

\begin{dgroup}[noalign]

Equation groups normally have alignment of the primary relation symbols across the whole
group. The noalign option switches that behavior.

23 \define@key{breqn}{noalign}[]{\let\grp@aligned\@False}
24 \let\grp@aligned\@True % default

\begin{dgroup} [breakdepth={21}]
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\dmath
\enddmath

Break depth of 2 means that breaks are allowed at mathbin symbols inside two pairs of delim-
iters, but not three.
«s \define@key{breqn}{breakdepth}{\egbreakdepth#i\relax}

\begin{darray}[cols={lcrlcr}]

The cols option only makes sense for the darray environment but we liberally allow all the
options to be used with all the environments and just ignore any unsensible ones that happen
to come along.
26 \define@key{breqn}{cols}{\global\let\@preamble\Qempty
a7 \darrayOmkpream#1\@percentchar
448 }

FORMAT STATUS

\def\eq@frame{T}%
CLM works tolerably
\def\eqindent{C}\def\eqnumside{L}\def\eqnumplace{M}
CLT works tolerably
\def\eqindent{C}\def\eqnumside{L}\def\eqnumplace{T}
ILM
\def\eqindent{I}\def\eqnumside{L}\def\eqnumplace{M}\mathindent40\p@
ILT
\def\eqindent{I}\def\eqnumside{L}\def\eqnumplace{T}\mathindent40\p@
Indended w/left number
work ok if mathindent is larger than number width,
but then equations must fit into smaller space.
Is shiftnumber allowed to put eqn at left, instead of indent?
CRM
\def\eqindent{C}\def\eqnumside{R}\def\eqnumplace{M}
CRB
\def\eqindent{C}\def\eqnumside{R}\def\eqnumplace{B}
IRM
\def\eqindent{I}\def\eqnumside{R}\def\eqnumplace{M}\mathindent10\p@

IRB
\def\eqindent{I}\def\eqnumside{R}\def\eqnumplace{B}\mathindent10\p@

The main environments.
BRM: The following incorporates several changes: 1) modifications supplied by MJD to fix
the eaten \paragraph problem. 2) Added \display@setup here, rather than globally.

For the dmath environment we don’t want the standard optional arg processing because of the
way it skips over whitespace, including newline, while looking for the [ char; which is not good
for math material. So we call \@optarg instead.

10 \newenvironment{dmath}{%

250 \let\eq@hasNumber\@True \Qoptarg\@dmath{}}{}

451 \def\@dmath [#1]{%
w2 (trace) \breqne@debugmsg{=== DMATH i
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\dmathx*
\enddmath*

\eq@prelim

43 \everydisplay\expandafter{\the\everydisplay \display@setupl}’
254 \if@noskipsec \leavevmode \fi

455 \if@inlabel \leavevmode \globall\@inlabelfalse \fi

w6 \if\eq@group\else\eq@prelim\fi

57 \setkeys{breqn}{#1}/,

s \the\egstyle

The equation number might have been overridden in #1.
w0 \eq@setnumber

Start up the displayed equation by reading the contents into a box register. Enclose this phase
in an extra group so that modified \hsize and other params will be auto-restored afterwards.
w0 \begingroup

w1 \eq@setupa

w62 \eq@startup

463 }

Before it finishes off the box holding the equation body, \enddmath needs to look ahead for
punctuation (and \qed?).

s64 \def\enddmath#1{\check@punct@or@qged}

465 \def\end@dmath{’,

w66 \gdef\EQ@setwdL{}), Occasionally undefined 777

w67 \eq@capture

w5 \endgroup

469 \EQ@setwdL

Measure (a copy of) the equation body to find the minimum width required to get acceptable
line breaks, how many lines will be required at that width, and whether the equation number
needs to be shifted to avoid overlapping. This information will then be used by \eq@finish
to do the typesetting of the real equation body.

40 \eq@measure

Piece together the equation from its constituents, recognizing current constraints. If we are in
an equation group, this might just save the material on a stack for later processing.

4 \if\eq@group \grp@push \else \eq@finish\fi
2

Ah yes, now the lovely dmath* environment.

473 \newenvironment{dmath*}{%

a7z \let\eq@hasNumber\@False \Q@optarg\@dmath{l}
a5 3

476 \@namedef{end@dmath*}{\end@dmath}

477 \Onamedef{enddmath*}#1{\check@punct@or@qed}

If \everypar has a non-null value, it’s probably some code from \@afterheading that sets
\clubpenalty and/or removes the parindent box. Both of those actions are irrelevant and
interfering for our purposes and need to be deflected for the time being. If an equation appears
at the very beginning of a list item (possibly from a trivlist such as proof), we need to trigger
the item label.

47 \def\eq@prelim{}

479 \if@inlabel \indent \par \fi
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bregn@parshape@warning

\eq@prevshape

\eqg@saveparinfo

\eq@setnumber

a0 \if@nobreak \global\@nobreakfalse \predisplaypenalty\@M \fi

w1 \everypar\@emptytoks

If for some reason dmath is called between paragraphs, \noindent is better than \leavevmode,
which would produce an indent box and an empty line to hold it. If we are in a list environment,
\par is defined as {\@@par} to preserve \parshape.

22 \noindent

23 \eq@nulldisplay

w4 \par %% \eq@saveparinfo %J, needs work

s5  \let\intertext\bregn@intertext
486 }

Warning message extracted to a separate function to streamline the calling function.
457 \def\bregn@parshape@warning{%

s \PackageWarning{breqn}{/%

489 Complex paragraph shape cannot be followed by this equationl}

490 }

Storage; see \eq@saveparinfo.
201 \let\eq@prevshape\Q@empty

Save the number of lines and parshape info for the text preceding the equation.
22 \def\eq@saveparinfo{/,

a3 \count@\prevgraf \advance\count@-\thr@@ % for the null display

204 \edef\eq@prevshape{\prevgraf\the\count@\spacel}y,

205 \ifcase\parshape

496 % case 0: no action required

27 \or \edef\eq@prevshape{\eq@prevshape

498 \parshape\@ne\displayindent\displaywidth\relax
499 Yh

Maybe best to set \eq@prevshape the same in the else case also. Better than nothing.

500 \else

501 \bregn@parshape@warning
502 \fi
503 }

If the current equation number is not explicitly given, then use an auto-generated number,
unless the no-number switch has been thrown (dmath*). \theequation is the number form to
be used for all equation