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Abstract. A package mathsem for pdf-I¥TEX implements a way to pro-
vide semantic meaning to symbols, without adding a large syntactical
burden to the specification of a mathematical expression. It uses a con-
cept of ‘active comment’, allowing the ‘)%’ character at the beginning of
a new line to become an active token under highly-controlled circum-
stances. With a strictly defined syntax, words to express the semantic
meaning of a variable (‘z’ say) can be associated with each occurrence of
‘x’ in the expression following. The words become content of a tooltip,
that ‘pops-up’ by the symbol in a PDF document. The idea extends to:

1. allow multiple instances of the same symbol have distinct meanings;

2. attach semantics to macro-names as well as character symbols;

3. allow nested tooltip rectangles, for sub-expressions;

4. assign defaults to be attached to symbols and macros, at either global
or local levels, to maintain consistency of meaning within extended
portions of a document.

It is planned to use the same syntactical constructions to provide words
for spoken ‘alternative text’, in the context of fully-tagged, accessible,
[ mathematical content within PDF documents.

Thanks to Michael Kohlhase for ideas suggesting such a package.

1 Introduction

Mathematical notation has been refined over centuries into a very succinct syn-
tax, particularly for input to computer programs, where input such as \ (a + b\)
using IMTEX, produces the typeset visual form: a +b. — Call this Fzample A.
However, such an expression contains no real semantics describing what the
mathematics actually represents. How can an author provide such information
conveniently, without compromising the high-quality visual representation?

To address this we take a lead from computer software interfaces, where use of
‘tooltips’, small windows containing a short textual description that pop-up, has
become common-place. An extra benefit of tooltips is that their content is, ac-
cording to the PDF Reference specifications [1,3], intended to be vocalised (e.g.,
by Adobe Reader’s ‘Read Out Loud’) as a replacement for the content which lies
under the tooltip’s Button annotation, or by other means. Thus throughout this
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%%
%% This is file `mathsem.sty',
%% generated by hand.
%%
%% 
%%  Copyright (c) 2015 Ross Moore <ross.moore@mq.edu.au>,
%% 
%%  This file may be distributed and/or modified under the conditions
%%  of the LaTeX Project Public License, either version 1.2 of this
%%  license or (at your option) any later version.  The latest version
%%  of this license is in:
%% 
%%    http://www.latex-project.org/lppl.txt
%% 
%%  and version 1.2 or later is part of all distributions of LaTeX
%%  version 1999/12/01 or later.
%% 
%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%    History
%%
%%    v1.0   developed  2014 --> 2015-02-23
%%      supported only  \( ... \)  
%%
%%    v1.1   2015-02-25 
%%      added support for  \[ ... \]
%%
%%    v1.2   2015-02-27 
%%      added support for LaTeX  {eqnarray} environments
%%
%%    v1.3   2015-04-21 
%%      fixed bug adding extra  thinspace  in some math lists
%%      defaults implemented for macros as well as active characters
%%      other minor adjustments
%%
%%    v1.3.1   2015-04-28 
%%      hacked to use \pdfmark  reliably with LaTeX+dvips+GS
%%
%%
%%      ToDo: add support for  _AMS_ alignments
%%
%%%%%%%%%%%%%%%%%%%%%%%%%%%
\NeedsTeXFormat{LaTeX2e}
\ProvidesPackage{mathsem}
  [2015/04/28 v1.3.1 Semantic enrichment of mathematics using active comments (RRM)]

% Define any options

%\ProcessOptions

% ensure that there is a \mathsem@pdfliteral  command
\expandafter\ifx \csname pdfliteral\endcsname\relax
 \def\mathsem@pdfliteral#1{}%
\else
 \ifpdf
  \def\mathsem@pdfliteral#1{%
  \pdfliteral page {#1}%
  }
 \else
  \def\mathsem@pdfliteral#1{}%
 \fi
\fi

% it becomes necessary to adjust the \catcode of end-of-line characters, using \obeylines
\def\mathsemendline{}
\let\mathsem@restorepar\relax
\def\mathsem@obeylines{%
 % adjust the line-ends
 \let\mathsem@restorepar\par
 \let\par\mathsemendline
 \obeylines %
}
\let\mathsemobeylines\mathsem@obeylines

\def\mathsem@afterobeylines{}%\mathsem@proceedwithmath}
\def\mathsem@offobeylines{%
 % revert the line-ends, proceed to next stage
 \catcode`\^^M 5\relax
 \catcode`\% 14\relax
 \let\par\mathsem@restorepar
% \let\end\real@latex@end
 \mathsem@proceedwithmath
 \mathsem@afterobeylines
 }
{% macros to read from an active % to the end of the line
 \mathsemobeylines \relax
 \gdef\mathsempercent@#1$#2
  {\mathsempercent@i{#1}{#2}}%
 % gobble to end of line and cancel further parsing
 \gdef\mathsem@checkpercentline#1
  {%\tracingall 
   \ifx\@empty#1\@empty%
    \let\mathsem@next\mathsem@offobeylines%
   \else%
    \def\mathsem@next{\mathsem@checkpercentline@{#1}}%
   \fi%
   \mathsem@next}%
%
% gobble to end of line and cancel further parsing
 \gdef\mathsem@gobbleline#1
  {\mathsem@offobeylines }%
}% end of  \obeylines
%
\def\mathsem@checkpercentline@#1{%
 \mathsem@checkpercentline@i#1$\mathsemtest@end
}
\def\mathsem@checkpercentline@i#1$#2\mathsemtest@end{%
 \ifx\@empty#2\@empty
% no semantic information after the `$' so must be an ordinary comment
   \def\mathsem@next{\mathsem@offobeylines}%
 \else
  \def\mathsem@next{\mathsem@checkpercentline@ii#1$#2\mathsemtest@end}%
 \fi 
 \mathsem@next
}
\def\mathsem@checkpercentline@ii#1$#2$\mathsemtest@end{%
 \mathsempercent@i{#1}{#2}%
}

{% macro to start reading the math semantic information
 \catcode `\% 13
 \global\let\mathsem@percentchar %
 \gdef\mathsem@percentmacro{%}
 \gdef\mathsem@startmath{\catcode `\% 13 \let % \mathsempercent }
}% end of \catcode `\%
% user-friendly binding to allow for easy testing
\let\mathsemstartmath\mathsem@startmath

% need a robust starting command
%\DeclareRobustCommand{\mathsempercent}{\mathsempercent@a}
\DeclareRobustCommand{\mathsempercent}{\mathsempercent@a}
% look ahead at the next token
\def\mathsempercent@a{\futurelet\mathsem@next\mathsempercent@b}
\def\mathsempercent@b{%
 \ifx\mathsem@next\mathsempercent
   % quick cancel mechanism using double-percent
  \expandafter\mathsem@gobbleline
 \else
  % proceed to parse the next line
%  \expandafter\mathsempercent@ %
  \expandafter\mathsem@checkpercentline %
 \fi }
% accept the 2 items from each line
% do minimal parsing to decide if it's a keyword or semantic data
\def\mathsempercent@i #1#2{\typeout{\string#1$#2}%
 \ifx\relax#1\relax
  \def\mathsemnext@{\mathsempercent@ii{#2}}%
 \else\expandafter\ifx\mathsem@percentmacro #1%
   % quick cancel mechanism using double-percent
   % this should never happen -- it's an extra safety switch
   \def\mathsemnext@{\mathsem@offobeylines}%
  \else
   \def\mathsemnext@{\mathsempercent@iii{#1}{#2}}%
 \fi\fi \mathsemnext@ }
\def\mathsemnext@{}
% look ahead for a further comment
\def\mathsempercent@x{\futurelet\mathsem@next\mathsempercent@y}
\def\mathsempercent@y{%
 \ifx\mathsem@next\mathsempercent
  % proceed if semantic comments follow
  \expandafter\relax
 \else
  % cancel further scan for semantic rules
   \expandafter\mathsem@offobeylines
 \fi }
% ensure \mathsem@next  container is a known token 
\let\mathsem@next\relax

%
%  Process keywords, to start/stop reading the semantics
\def\mathsempercent@ii#1{%
  \expandafter\ifx\csname mathsem@#1@@\endcsname\mathsem@semantics@@
   % allow % to remain active
    \expandafter\mathsempercent@x
  \else
   \expandafter\ifx\csname mathsem@#1@@\expandafter\endcsname\csname mathsem@endsemantics@@\endcsname
   % cancel scan for semantic rules 
   \else
   \fi
  \expandafter\mathsem@offobeylines
 \fi }
\def\mathsem@semantics@@{start semantics}
\def\mathsem@endsemantics@@{finish semantics}

% what to do after reading the semantic comments
% there can be various alternative ways to proceed
\def\mathsem@proceedwithmath{%
 \ifx\mathsem@listchars\@empty
  \typeout{No characters or tokens have been activated in this math-environment.}%
  \def\mathsem@next{}%
 \else
  \let\begin\mathsem@beginenv
  \let\end\mathsem@endenv
  \let\mathsem@next\mathsem@activatechars
 \fi \mathsem@next }

%  Here's where the real work is done
\def\mathsempercent@iii#1#2{%
 \def\thismathsem@meaning{#2}%
 \mathsem@testsymbol#1 \mathsemtest@end
% \typeout{\string#1$#2}%
 \mathsempercent@x
}
\let\mathsemtest@end\relax
\def\mathsem@testsymbol#1#2 \mathsemtest@end{%
 \ifx\relax#2\relax 
  % #1 is a single token
  \ifcat \noexpand#1\noexpand\active
   \mathsem@setactivesymbol{#1}%
  \else  % more choices ?
   \mathsem@setlettersymbol{#1}%
  \fi
 \else \expandafter\ifx\space#2\relax
  % removed trailing space
  \ifcat \noexpand#1\noexpand\active
   \mathsem@setactivesymbol{#1}%
  \else  % more choices ?
   \mathsem@setlettersymbol{#1}%
  \fi
%  
  \else \expandafter\ifx\space#1\relax 
   % removed leading space, test #2 for a token
   \mathsem@testsymbol#2 \mathsemtest@end
  \else
  \mathsemtestsymbol@error{#1#2}%
 \fi\fi\fi
}
\def\mathsemtestsymbol@error#1{{%
 \def\thesetokens{#1}%
 \typeout{not a single token for \meaning\thesetokens.}%
}}
\def\mathsem@setlettersymbol#1{%
  \expandafter\def\csname reallatex@\string#1@cmd\endcsname{#1}\relax
  \expandafter\edef\csname mathsem@\string#1@cmd\endcsname{%{%
   \noexpand\mathsem@errormessage
   \noexpand\mathsem@tooltip
    {\expandafter\noexpand\csname reallatex@\string#1@cmd\endcsname}%
    {\thismathsem@meaning}%
%    {\noexpand\mathrel}%
%    % allow following super/sub-scripts to position correctly
%    \noexpand\vphantom{\expandafter\noexpand\csname reallatex@#1@cmd\endcsname}%
  }%}%
 \mathsem@addtolist{#1}%
}

\def\mathsem@setlettersymbollist#1{%\tracingall%
  \expandafter\def\csname reallatex@\string#1@cmd\endcsname{#1}\relax
  \expandafter\gdef\csname mathsem@\string#1@list\expandafter\endcsname\expandafter{\thismathsem@meaning}%
  \expandafter\def\csname mathsem@\string#1@cmd\endcsname{%{%
%   \noexpand\mathsem@errormessage
   %\noexpand
%%%%%   \mathsem@docmd{\string#1}}%
   \expandafter\mathsem@docmd\expandafter{\string#1}}%
%    {\expandafter\noexpand\csname reallatex@#1@cmd\endcsname}%
%    {\getmathsem@meaning{#1}}%
%    {\noexpand\mathrel}%
%    % allow following super/sub-scripts to position correctly
%    \noexpand\vphantom{\expandafter\noexpand\csname reallatex@#1@cmd\endcsname}%
%  }%}%
 \mathsem@addtolist{#1}%
}
\let\mathsem@setlettersymbol\mathsem@setlettersymbollist
\def\mathsem@setactivesymbollist#1{%\tracingall
 % bind a control sequence to the original (La)TeX definition, if not already done
 \expandafter\ifx\csname reallatex@\string#1@cmd\endcsname\relax
  \expandafter\let\csname reallatex@\string#1@cmd\endcsname#1\relax
 \fi
 % store the semantics in a global macro
 \expandafter\gdef\csname mathsem@\string#1@list\expandafter\endcsname\expandafter{\thismathsem@meaning}%
 % define the new macro expansion to later be bound as the modified macro
 % \expandafter\def\csname mathsem@\string#1@cmd\endcsname{\mathsem@docmd{\string#1}}%
 \expandafter\def\csname mathsem@\string#1@cmd\endcsname{\expandafter\mathsem@docmd\expandafter{\string#1}}%
 % add the single token to the list of semantically-enriched tokens
 \mathsem@addtolist{#1}% single token
}
\let\mathsem@setactivesymbol\mathsem@setactivesymbollist

%\newskip\mathsem@skip
% need to define how to get the meaning from the list for each #1 .
\def\mathsem@docmd#1{%
 %\mathsem@skip=\lastskip
 %\showthe\mathsem@skip
 %\show#1\relax    <<<<-----------  test this for  \string ...   !!!
 \def\mathsem@thischar{#1}%
 \def\thismathsem@meaning{}%
 \expandafter\expandafter\expandafter\mathsem@getnext
   \csname mathsem@#1@list\expandafter\endcsname\space;\mathsemtest@end
 % pass the enriched math-content to the output method
 \expandafter\ifx\csname mathsem@#1@hex\endcsname\relax
  \def\thismathsem@hex{}%
 \else
  \edef\thismathsem@hex{\csname mathsem@#1@hex\endcsname}%
 \fi
 \edef\thismathsem@data{%
  {\expandafter\noexpand\csname reallatex@\mathsem@thischar @cmd\endcsname}%
  {\thismathsem@meaning}%
  {\thismathsem@hex}%
 }%
% \show\thismathsem@data
 \expandafter\mathsem@makeoutput\thismathsem@data %
}
\def\thismathsem@hex{}% placeholder for UTF16 Hex representations 
\def\thismathsem@meaning{}% placeholder for semantic info 
\def\thismathsem@data{}% placeholder for output data 
%
\def\mathsem@getnext#1;#2\mathsemtest@end{%
  % character or csname is stored in  \mathsem@thischar
  % semantic meaning will be stored in \thismathsem@meaning
  %  ... using a default, if available and needed
 %\begingroup
  \def\thismathsem@meaning{#1}%
  \ifx\relax#2\relax
   % no alternatives, so keep the list as it is
  \else
   \ifx\mathsem@tagging\mathsem@notagging
    % just measuring, so keep the list as it is
   \else
    \def\mathsem@after{#2}%
    \ifx\mathsem@after\mathsem@spacesemicolon
    % list ends with ` ;'  so default is required from here on
     \expandafter\gdef\csname mathsem@\mathsem@thischar @list\endcsname{;}%
    \else\ifx\mathsem@after\mathsem@semicolon@only
    % list ends with `;' only, so default is required from here on
     \expandafter\gdef\csname mathsem@\mathsem@thischar @list\endcsname{;}%
    \else
     \mathsem@setafter#2\mathsemtest@end
   \fi\fi
  \fi\fi
  \ifx\thismathsem@meaning\mathsem@empty
%   \expandafter\show\csname mathsem@\expandafter\string\mathsem@thischar @default\endcsname
   \expandafter\ifx\csname mathsem@\expandafter\string\mathsem@thischar @default\endcsname\relax
    % default is empty issue a message
   \else
    %use the saved default value
    \expandafter\def\expandafter\thismathsem@meaning\expandafter
      {\csname mathsem@\expandafter\string\mathsem@thischar @default\endcsname}%
   \fi
%  \else
 \fi
}
\def\mathsem@empty{}
\def\mathsem@spacesemicolon{ ;}
\def\mathsem@semicolon@only{;}
\def\mathsem@setafter#1 ;\mathsemtest@end{%
 \expandafter\gdef\csname mathsem@\mathsem@thischar @list\endcsname{#1}%
}

\def\mathsem@makeoutput#1#2#3{%
  \mathsem@tooltip{#1}{#2}{#3}%
}

% user-macro to supply default semantics
% needs some error-checking to ensure that #1 has just a single token
\def\mathsem@set@default#1#2{%
% \show#1\relax
  \ifcat a#1\relax
   \edef\mathsem@thistok{\expandafter\noexpand\csname mathsem#1\endcsname}%
  \else\ifcat ;#1\relax
   \edef\mathsem@thistok{\expandafter\noexpand\csname mathsem@#1\endcsname}%
  \else\ifcat \noexpand#1\noexpand\active
   \expandafter\def\expandafter\mathsem@thistok\expandafter{\string#1}% 
  \fi\fi\fi
 % \show\mathsem@thistok
  \mathsem@set@default@i{#2}%
%  should this rebind the macro automatically ?   
%  \ifcat \noexpand#1\noexpand\active\relax
%   \expandafter\ifx\csname reallatex@\string#1@cmd\endcsname\relax
%    \expandafter\let\csname reallatex@\string#1@cmd\endcsname#1\relax
%   \fi
%   \expandafter\def\csname mathsem@\string#1@cmd\endcsname{\mathsem@docmd{\string#1}}%
%   \expandafter\let\expandafter#1\csname mathsem@\string#1@cmd\endcsname
%  \fi
 }
 \def\mathsem@set@default@i#1{%
  \expandafter\def\csname mathsem@\mathsem@thistok @default\endcsname{#1}%
 }
 \DeclareRobustCommand{\DeclareMathSemantics}{\mathsem@set@default}


% Now for the possible output formats
\def\mathsem@errormessage{\errhelp=\mathsem@errhelp}
\newhelp\mathsem@errhelp %
 {Single character super/sub-scripts need to be enclosed within braces, LaTeX-style not TeX-style.}
\def\mathsem@tooltip#1#2#3{%
 \begingroup
  \expandafter\def\expandafter\this@math\expandafter{#1}%  is this needed ???
 % cancel the use of  \marginnote  as it upsets the vertical positioning of superscripts
  \let\marginnote\mathsem@nonmath
  \mathsem@dotooltip{%
    \mathsem@tagging{#1}{#2}{#3}%
  }{#2}%
 \endgroup
}




\def\mathsem@tagging#1#2#3{%
 % #1 = TeX content
 % #2 = Alt text
 % #3 = Hex
 %\expandafter\ifx\csname mathsem@#1@hex\endcsname\relax
 \ifx\relax#3\relax
   \edef\this@out{/Span<</Alt(#2)>> BDC }%
 \else
   % use big-endian UTF16 representation, with surrogate pairs, for /ActualText  replacements
   \edef\this@out{/Span<</ActualText<FEFF#3>% \csname mathsem@#1@hex\endcsname>%
    /Alt(#2)>> BDC }%
 \fi
 %\show\this@out
 \mathsem@adjust{% last-ditch adjustment is possible
   \mathsem@pdfliteral{\this@out}%
 #1% 
 \mathsem@pdfliteral{EMC }% 
 }%
}

% hook for last-ditch adjustments
\def\mathsem@donothing#1{#1}
\let\mathsem@adjust\mathsem@donothing

% minute adjustments that can be applied via  \mathsem@adjust
\def\mathsem@prenegskip#1{{\!#1}}
\def\mathsem@postnegskip#1{{#1\!}}

% allow for the math-atom to be explicitly specified
\def\mathsem@bin{\let\mathsem@adjust\mathbin}
\def\mathsem@close{\let\mathsem@adjust\mathclose}
\def\mathsem@inner{\let\mathsem@adjust\mathinner}
\def\mathsem@op{\let\mathsem@adjust\mathop}
\def\mathsem@open{\let\mathsem@adjust\mathopen}
\def\mathsem@punct{\let\mathsem@adjust\mathpunct}
\def\mathsem@rel{\let\mathsem@adjust\mathrel}


% single-letter variable names, math-italics
\def\mathsem@A@hex{D835DC34}
\def\mathsem@B@hex{D835DC35}
\def\mathsem@C@hex{D835DC36}
\def\mathsem@D@hex{D835DC37}
\def\mathsem@E@hex{D835DC38}
\def\mathsem@F@hex{D835DC39}
\def\mathsem@G@hex{D835DC3A}
\def\mathsem@H@hex{D835DC3B}
\def\mathsem@I@hex{D835DC3C}
\def\mathsem@J@hex{D835DC3D}
\def\mathsem@K@hex{D835DC3E}
\def\mathsem@L@hex{D835DC3F}
\def\mathsem@M@hex{D835DC40}
\def\mathsem@N@hex{D835DC41}
\def\mathsem@O@hex{D835DC42}
\def\mathsem@P@hex{D835DC43}
\def\mathsem@Q@hex{D835DC44}
\def\mathsem@R@hex{D835DC45}
\def\mathsem@S@hex{D835DC46}
\def\mathsem@T@hex{D835DC47}
\def\mathsem@U@hex{D835DC48}
\def\mathsem@V@hex{D835DC49}
\def\mathsem@W@hex{D835DC4A}
\def\mathsem@X@hex{D835DC4B}
\def\mathsem@Y@hex{D835DC4C}
\def\mathsem@Z@hex{D835DC4D}
\def\mathsem@a@hex{D835DC4E}
\def\mathsem@b@hex{D835DC4F}
\def\mathsem@c@hex{D835DC50}
\def\mathsem@d@hex{D835DC51}
\def\mathsem@e@hex{D835DC52}
\def\mathsem@f@hex{D835DC53}
\def\mathsem@g@hex{D835DC54}
\def\mathsem@h@hex{D835DC55}
\def\mathsem@i@hex{D835DC56}
\def\mathsem@j@hex{D835DC57}
\def\mathsem@k@hex{D835DC58}
\def\mathsem@l@hex{D835DC59}
\def\mathsem@m@hex{D835DC5A}
\def\mathsem@n@hex{D835DC5B}
\def\mathsem@o@hex{D835DC5C}
\def\mathsem@p@hex{D835DC5D}
\def\mathsem@q@hex{D835DC5E}
\def\mathsem@r@hex{D835DC5F}
\def\mathsem@s@hex{D835DC60}
\def\mathsem@t@hex{D835DC61}
\def\mathsem@u@hex{D835DC62}
\def\mathsem@v@hex{D835DC63}
\def\mathsem@w@hex{D835DC64}
\def\mathsem@x@hex{D835DC65}
\def\mathsem@y@hex{D835DC66}
\def\mathsem@z@hex{D835DC67}

\def\mathsemhexset#1#2{%
  \expandafter\def\csname mathsem@\string#1@hex\endcsname{#2}%
}
\mathsemhexset{-}{2212}
\mathsemhexset{\HALF}{00BD}
\mathsemhexset{\HALFOF}{00BD}
\mathsemhexset{\QUARTER}{00BC}
\mathsemhexset{\QUARTEROF}{00BC}
\mathsemhexset{\THREEQUARTERS}{00BE}
\mathsemhexset{\THREEQUARTERSOF}{00BE}
\mathsemhexset{\THIRD}{2153}
\mathsemhexset{\THIRDOF}{2153}
\mathsemhexset{\TWOTHIRDS}{2154}
\mathsemhexset{\TWOTHIRDSOF}{2154}
\mathsemhexset{\FIFTH}{2155}
\mathsemhexset{\FIFTHOF}{2155}
\mathsemhexset{\TWOFIFTHS}{2156}
\mathsemhexset{\TWOFIFTHSOF}{2156}
\mathsemhexset{\THREEFIFTHS}{2157}
\mathsemhexset{\THREEFIFTHSOF}{2157}
\mathsemhexset{\FOURFIFTHS}{2158}
\mathsemhexset{\FOURFIFTHSOF}{2158}
\mathsemhexset{\SIXTH}{2159}
\mathsemhexset{\SIXTHOF}{2159}
\mathsemhexset{\FIVESIXTHS}{215A}
\mathsemhexset{\FIVESIXTHSOF}{215A}
\mathsemhexset{\EIGHTH}{215B}
\mathsemhexset{\EIGHTHOF}{215B}
\mathsemhexset{\THREEEIGHTHS}{215C}
\mathsemhexset{\THREEEIGHTHSOF}{215C}
\mathsemhexset{\FIVEEIGHTHS}{215D}
\mathsemhexset{\FIVEEIGHTHSOF}{215D}
\mathsemhexset{\SEVENEIGHTHS}{215E}
\mathsemhexset{\SEVENEIGHTHSOF}{215E}
\mathsemhexset{\ONEOVER}{215F}
\mathsemhexset{\RECIPROCALOF}{215F}

\def\mathsem@listchars{}
\def\mathsem@addtolist#1{\expandafter\def\expandafter\mathsem@listchars\expandafter{\mathsem@listchars#1}}
\def\mathsem@activatechars{%
 %\show\mathsem@listchars
 \expandafter\mathsem@activatelistchar\mathsem@listchars\mathsemtest@end
}
\def\mathsem@activatelistchar#1#2\mathsemtest@end{%
 \mathsem@activatechar{#1}%
 \ifx\relax#2\relax
 \else
  \mathsem@activatelistchar#2\mathsemtest@end
 \fi}
\def\mathsem@activatechar#1{%
% \expandafter\show\csname mathsem@#1@cmd\endcsname
 \ifcat\noexpand#1\noexpand\active\relax
   \expandafter\let\expandafter #1\csname mathsem@\string#1@cmd\endcsname
 \else \ifcat #1a\relax % letters
  \mathsem@activate@letter{#1}%
 \else \ifcat #1;\relax % digits and punctuation
  \mathsem@activate@other{#1}%
 \fi\fi
% \show #1 \relax
 %\else
%  \catcode`#1\active
%  \def\mathsem@bit{\let`#1}%
%  \expandafter\mathsem@bit\csname mathsem@#1@cmd\endcsname
 \typeout{activating \string#1}%
 \fi
}
%\def{
\def\mathsem@activate@letter#1{%
 % testing and enrichment could be done here
 \expandafter\csname mathsemactivate@#1\endcsname
}
\def\mathsem@activate@other#1{%
 % testing and enrichment could be done here
 \expandafter\csname mathsemactivate@#1\endcsname
}
\def\mathsem@gobble#1{}

%Here is where we capture an activated version of each letter within a macro.
{%  make lowercase letters active, to be captured within a global macro
 %\let\NEXP\noexpand
 %\def\LET{\noexpand\let}%
 \let\DEF\gdef
 \def\CAT#1{\catcode`#1 13 }%
 \CAT a%
 \CAT b%
 \CAT c%
 \CAT d%
 \CAT e%
 \CAT f%
 \CAT g%
 \CAT h%
 \CAT i%
 \CAT j%
 \CAT k%
 \CAT l%
 \CAT m%
 \CAT n%
 \CAT o%
 \CAT p%
 \CAT q%
 \CAT r%
 \CAT s%
 \CAT t%
 \CAT u%
 \CAT v%
 \CAT w%
 \CAT x%
 \CAT y%
 \CAT z%
%
 \DEF\MATHSEM@A{a}%
 \DEF\MATHSEM@B{b}%
 \DEF\MATHSEM@C{c}%
 \DEF\MATHSEM@D{d}%
 \DEF\MATHSEM@E{e}%
 \DEF\MATHSEM@F{f}%
 \DEF\MATHSEM@G{g}%
 \DEF\MATHSEM@H{h}%
 \DEF\MATHSEM@I{i}%
 \DEF\MATHSEM@J{j}%
 \DEF\MATHSEM@K{k}%
 \DEF\MATHSEM@L{l}%
 \DEF\MATHSEM@M{m}%
 \DEF\MATHSEM@N{n}%
 \DEF\MATHSEM@O{o}%
 \DEF\MATHSEM@P{p}%
 \DEF\MATHSEM@Q{q}%
 \DEF\MATHSEM@R{r}%
 \DEF\MATHSEM@S{s}%
 \DEF\MATHSEM@T{t}%
 \DEF\MATHSEM@U{u}%
 \DEF\MATHSEM@V{v}%
 \DEF\MATHSEM@W{w}%
 \DEF\MATHSEM@X{x}%
 \DEF\MATHSEM@Y{y}%
 \DEF\MATHSEM@Z{z}%
}
% make user-level macros as well
\let\mathsema\MATHSEM@A
\let\mathsemb\MATHSEM@B
\let\mathsemc\MATHSEM@C
\let\mathsemd\MATHSEM@D
\let\mathseme\MATHSEM@E
\let\mathsemf\MATHSEM@F
\let\mathsemg\MATHSEM@G
\let\mathsemh\MATHSEM@H
\let\mathsemi\MATHSEM@I
\let\mathsemj\MATHSEM@J
\let\mathsemk\MATHSEM@K
\let\mathseml\MATHSEM@L
\let\mathsemm\MATHSEM@M
\let\mathsemn\MATHSEM@N
\let\mathsemo\MATHSEM@O
\let\mathsemp\MATHSEM@P
\let\mathsemq\MATHSEM@Q
\let\mathsemr\MATHSEM@R
\let\mathsems\MATHSEM@S
\let\mathsemt\MATHSEM@T
\let\mathsemu\MATHSEM@U
\let\mathsemv\MATHSEM@V
\let\mathsemw\MATHSEM@W
\let\mathsemx\MATHSEM@X
\let\mathsemy\MATHSEM@Y
\let\mathsemz\MATHSEM@Z
%
%\expandafter\ifx\MATHSEM@A\uNdeEfInEd@\expandafter\def\MATHSEM@A{a}\fi
\def\mathsem@protectactivechars{%
 \expandafter\ifx\MATHSEM@A\uNdeEfInEd@\expandafter\def\MATHSEM@A{a}\fi
 \expandafter\ifx\MATHSEM@B\uNdeEfInEd@\expandafter\def\MATHSEM@B{b}\fi
 \expandafter\ifx\MATHSEM@C\uNdeEfInEd@\expandafter\def\MATHSEM@C{c}\fi
 \expandafter\ifx\MATHSEM@D\uNdeEfInEd@\expandafter\def\MATHSEM@D{d}\fi
 \expandafter\ifx\MATHSEM@E\uNdeEfInEd@\expandafter\def\MATHSEM@E{e}\fi
 \expandafter\ifx\MATHSEM@F\uNdeEfInEd@\expandafter\def\MATHSEM@F{f}\fi
 \expandafter\ifx\MATHSEM@G\uNdeEfInEd@\expandafter\def\MATHSEM@G{g}\fi
 \expandafter\ifx\MATHSEM@H\uNdeEfInEd@\expandafter\def\MATHSEM@H{h}\fi
 \expandafter\ifx\MATHSEM@I\uNdeEfInEd@\expandafter\def\MATHSEM@I{i}\fi
 \expandafter\ifx\MATHSEM@J\uNdeEfInEd@\expandafter\def\MATHSEM@J{j}\fi
 \expandafter\ifx\MATHSEM@K\uNdeEfInEd@\expandafter\def\MATHSEM@K{k}\fi
 \expandafter\ifx\MATHSEM@L\uNdeEfInEd@\expandafter\def\MATHSEM@L{l}\fi
 \expandafter\ifx\MATHSEM@M\uNdeEfInEd@\expandafter\def\MATHSEM@M{m}\fi
 \expandafter\ifx\MATHSEM@N\uNdeEfInEd@\expandafter\def\MATHSEM@N{n}\fi
 \expandafter\ifx\MATHSEM@O\uNdeEfInEd@\expandafter\def\MATHSEM@O{o}\fi
 \expandafter\ifx\MATHSEM@P\uNdeEfInEd@\expandafter\def\MATHSEM@P{p}\fi
 \expandafter\ifx\MATHSEM@Q\uNdeEfInEd@\expandafter\def\MATHSEM@Q{q}\fi
 \expandafter\ifx\MATHSEM@R\uNdeEfInEd@\expandafter\def\MATHSEM@R{r}\fi
 \expandafter\ifx\MATHSEM@S\uNdeEfInEd@\expandafter\def\MATHSEM@S{s}\fi
 \expandafter\ifx\MATHSEM@T\uNdeEfInEd@\expandafter\def\MATHSEM@T{t}\fi
 \expandafter\ifx\MATHSEM@U\uNdeEfInEd@\expandafter\def\MATHSEM@U{u}\fi
 \expandafter\ifx\MATHSEM@V\uNdeEfInEd@\expandafter\def\MATHSEM@V{v}\fi
 \expandafter\ifx\MATHSEM@W\uNdeEfInEd@\expandafter\def\MATHSEM@W{w}\fi
 \expandafter\ifx\MATHSEM@X\uNdeEfInEd@\expandafter\def\MATHSEM@X{x}\fi
 \expandafter\ifx\MATHSEM@Y\uNdeEfInEd@\expandafter\def\MATHSEM@Y{y}\fi
 \expandafter\ifx\MATHSEM@Z\uNdeEfInEd@\expandafter\def\MATHSEM@Z{z}\fi
}

{%  make uppercase letters active, to be captured within a global macro
 \def\cat#1{\catcode`#1 13 }%
 \cat A%
 \cat B%
 \cat C%
 \cat D%
 \cat E%
 \cat F%
 \cat G%
 \cat H%
 \cat I%
 \cat J%
 \cat K%
 \cat L%
 \cat M%
 \cat N%
 \cat O%
 \cat P%
 \cat Q%
 \cat R%
 \cat S%
 \cat T%
 \cat U%
 \cat V%
 \cat W%
 \cat X%
 \cat Y%
 \cat Z%
 \gdef\mathsem@cap@a{A}%
 \gdef\mathsem@cap@b{B}%
 \gdef\mathsem@cap@c{C}%
 \gdef\mathsem@cap@d{D}%
 \gdef\mathsem@cap@e{E}%
 \gdef\mathsem@cap@f{F}%
 \gdef\mathsem@cap@g{G}%
 \gdef\mathsem@cap@h{H}%
 \gdef\mathsem@cap@i{I}%
 \gdef\mathsem@cap@j{J}%
 \gdef\mathsem@cap@k{K}%
 \gdef\mathsem@cap@l{L}%
 \gdef\mathsem@cap@m{M}%
 \gdef\mathsem@cap@n{N}%
 \gdef\mathsem@cap@o{O}%
 \gdef\mathsem@cap@p{P}%
 \gdef\mathsem@cap@q{Q}%
 \gdef\mathsem@cap@r{R}%
 \gdef\mathsem@cap@s{S}%
 \gdef\mathsem@cap@t{T}%
 \gdef\mathsem@cap@u{U}%
 \gdef\mathsem@cap@v{V}%
 \gdef\mathsem@cap@w{W}%
 \gdef\mathsem@cap@x{X}%
 \gdef\mathsem@cap@y{Y}%
 \gdef\mathsem@cap@z{Z}%
}
% make user-level macros as well
\let\mathsemA\mathsem@cap@a
\let\mathsemB\mathsem@cap@b
\let\mathsemC\mathsem@cap@c
\let\mathsemD\mathsem@cap@d
\let\mathsemE\mathsem@cap@e
\let\mathsemF\mathsem@cap@f
\let\mathsemG\mathsem@cap@g
\let\mathsemH\mathsem@cap@h
\let\mathsemI\mathsem@cap@i
\let\mathsemJ\mathsem@cap@j
\let\mathsemK\mathsem@cap@k
\let\mathsemL\mathsem@cap@l
\let\mathsemM\mathsem@cap@m
\let\mathsemN\mathsem@cap@n
\let\mathsemO\mathsem@cap@o
\let\mathsemP\mathsem@cap@p
\let\mathsemQ\mathsem@cap@q
\let\mathsemR\mathsem@cap@r
\let\mathsemS\mathsem@cap@s
\let\mathsemT\mathsem@cap@t
\let\mathsemU\mathsem@cap@u
\let\mathsemV\mathsem@cap@v
\let\mathsemW\mathsem@cap@w
\let\mathsemX\mathsem@cap@x
\let\mathsemY\mathsem@cap@y
\let\mathsemZ\mathsem@cap@z
%
\def\mathsem@protectactiveupperchars{%
 \expandafter\ifx\mathsemA\uNdeEfInEd@\expandafter\def\mathsemA{A}\fi
 \expandafter\ifx\mathsemB\uNdeEfInEd@\expandafter\def\mathsemB{B}\fi
 \expandafter\ifx\mathsemC\uNdeEfInEd@\expandafter\def\mathsemC{C}\fi
 \expandafter\ifx\mathsemD\uNdeEfInEd@\expandafter\def\mathsemD{D}\fi
 \expandafter\ifx\mathsemE\uNdeEfInEd@\expandafter\def\mathsemE{E}\fi
 \expandafter\ifx\mathsemF\uNdeEfInEd@\expandafter\def\mathsemF{F}\fi
 \expandafter\ifx\mathsemG\uNdeEfInEd@\expandafter\def\mathsemG{G}\fi
 \expandafter\ifx\mathsemH\uNdeEfInEd@\expandafter\def\mathsemH{H}\fi
 \expandafter\ifx\mathsemI\uNdeEfInEd@\expandafter\def\mathsemI{I}\fi
 \expandafter\ifx\mathsemJ\uNdeEfInEd@\expandafter\def\mathsemJ{J}\fi
 \expandafter\ifx\mathsemK\uNdeEfInEd@\expandafter\def\mathsemK{K}\fi
 \expandafter\ifx\mathsemL\uNdeEfInEd@\expandafter\def\mathsemL{L}\fi
 \expandafter\ifx\mathsemM\uNdeEfInEd@\expandafter\def\mathsemM{M}\fi
 \expandafter\ifx\mathsemN\uNdeEfInEd@\expandafter\def\mathsemN{N}\fi
 \expandafter\ifx\mathsemO\uNdeEfInEd@\expandafter\def\mathsemO{O}\fi
 \expandafter\ifx\mathsemP\uNdeEfInEd@\expandafter\def\mathsemP{P}\fi
 \expandafter\ifx\mathsemQ\uNdeEfInEd@\expandafter\def\mathsemQ{Q}\fi
 \expandafter\ifx\mathsemR\uNdeEfInEd@\expandafter\def\mathsemR{R}\fi
 \expandafter\ifx\mathsemS\uNdeEfInEd@\expandafter\def\mathsemS{S}\fi
 \expandafter\ifx\mathsemT\uNdeEfInEd@\expandafter\def\mathsemT{T}\fi
 \expandafter\ifx\mathsemU\uNdeEfInEd@\expandafter\def\mathsemU{U}\fi
 \expandafter\ifx\mathsemV\uNdeEfInEd@\expandafter\def\mathsemV{V}\fi
 \expandafter\ifx\mathsemW\uNdeEfInEd@\expandafter\def\mathsemW{W}\fi
 \expandafter\ifx\mathsemX\uNdeEfInEd@\expandafter\def\mathsemX{X}\fi
 \expandafter\ifx\mathsemY\uNdeEfInEd@\expandafter\def\mathsemY{Y}\fi
 \expandafter\ifx\mathsemZ\uNdeEfInEd@\expandafter\def\mathsemZ{Z}\fi
}
% cause active letters to expand into passive letters, as the safety default
\mathsem@protectactivechars
\mathsem@protectactiveupperchars
%\show\mathsema
%\expandafter\show\mathsema

% define an  activation  macro for each letter, and bind it to the required semantics 
\def\mathsemactivate@a{\catcode`a\active \expandafter\let\MATHSEM@A\mathsem@a@cmd}
\def\mathsemactivate@b{\catcode`b\active \expandafter\let\MATHSEM@B\mathsem@b@cmd}
\def\mathsemactivate@c{\catcode`c\active \expandafter\let\MATHSEM@C\mathsem@c@cmd}
\def\mathsemactivate@d{\catcode`d\active \expandafter\let\MATHSEM@D\mathsem@d@cmd}
\def\mathsemactivate@e{\catcode`e\active \expandafter\let\MATHSEM@E\mathsem@e@cmd}
\def\mathsemactivate@f{\catcode`f\active \expandafter\let\MATHSEM@F\mathsem@f@cmd}
\def\mathsemactivate@g{\catcode`g\active \expandafter\let\MATHSEM@G\mathsem@g@cmd}
\def\mathsemactivate@h{\catcode`h\active \expandafter\let\MATHSEM@H\mathsem@h@cmd}
\def\mathsemactivate@i{\catcode`i\active \expandafter\let\MATHSEM@I\mathsem@i@cmd}
\def\mathsemactivate@j{\catcode`j\active \expandafter\let\MATHSEM@J\mathsem@j@cmd}
\def\mathsemactivate@k{\catcode`k\active \expandafter\let\MATHSEM@K\mathsem@k@cmd}
\def\mathsemactivate@l{\catcode`l\active \expandafter\let\MATHSEM@L\mathsem@l@cmd}
\def\mathsemactivate@m{\catcode`m\active \expandafter\let\MATHSEM@M\mathsem@m@cmd}
\def\mathsemactivate@n{\catcode`n\active \expandafter\let\MATHSEM@N\mathsem@n@cmd}
\def\mathsemactivate@o{\catcode`o\active \expandafter\let\MATHSEM@O\mathsem@o@cmd}
\def\mathsemactivate@p{\catcode`p\active \expandafter\let\MATHSEM@P\mathsem@p@cmd}
\def\mathsemactivate@q{\catcode`q\active \expandafter\let\MATHSEM@Q\mathsem@q@cmd}
\def\mathsemactivate@r{\catcode`r\active \expandafter\let\MATHSEM@R\mathsem@r@cmd}
\def\mathsemactivate@s{\catcode`s\active \expandafter\let\MATHSEM@S\mathsem@s@cmd}
\def\mathsemactivate@t{\catcode`t\active \expandafter\let\MATHSEM@T\mathsem@t@cmd}
\def\mathsemactivate@u{\catcode`u\active \expandafter\let\MATHSEM@U\mathsem@u@cmd}
\def\mathsemactivate@v{\catcode`v\active \expandafter\let\MATHSEM@V\mathsem@v@cmd}
\def\mathsemactivate@w{\catcode`w\active \expandafter\let\MATHSEM@W\mathsem@w@cmd}
\def\mathsemactivate@x{\catcode`x\active \expandafter\let\MATHSEM@X\mathsem@x@cmd}
\def\mathsemactivate@y{\catcode`y\active \expandafter\let\MATHSEM@Y\mathsem@y@cmd}
\def\mathsemactivate@z{\catcode`z\active \expandafter\let\MATHSEM@Z\mathsem@z@cmd}
\def\mathsemactivate@A{\catcode`A\active \expandafter\let\mathsem@cap@a\mathsem@A@cmd}
\def\mathsemactivate@B{\catcode`B\active \expandafter\let\mathsem@cap@b\mathsem@B@cmd}
\def\mathsemactivate@C{\catcode`C\active \expandafter\let\mathsem@cap@c\mathsem@C@cmd}
\def\mathsemactivate@D{\catcode`D\active \expandafter\let\mathsem@cap@d\mathsem@D@cmd}
\def\mathsemactivate@E{\catcode`E\active \expandafter\let\mathsem@cap@e\mathsem@E@cmd}
\def\mathsemactivate@F{\catcode`F\active \expandafter\let\mathsem@cap@f\mathsem@F@cmd}
\def\mathsemactivate@G{\catcode`G\active \expandafter\let\mathsem@cap@g\mathsem@G@cmd}
\def\mathsemactivate@H{\catcode`H\active \expandafter\let\mathsem@cap@h\mathsem@H@cmd}
\def\mathsemactivate@I{\catcode`I\active \expandafter\let\mathsem@cap@i\mathsem@I@cmd}
\def\mathsemactivate@J{\catcode`J\active \expandafter\let\mathsem@cap@j\mathsem@J@cmd}
\def\mathsemactivate@K{\catcode`K\active \expandafter\let\mathsem@cap@k\mathsem@K@cmd}
\def\mathsemactivate@L{\catcode`L\active \expandafter\let\mathsem@cap@l\mathsem@L@cmd}
\def\mathsemactivate@M{\catcode`M\active \expandafter\let\mathsem@cap@m\mathsem@M@cmd}
\def\mathsemactivate@N{\catcode`N\active \expandafter\let\mathsem@cap@n\mathsem@N@cmd}
\def\mathsemactivate@O{\catcode`O\active \expandafter\let\mathsem@cap@o\mathsem@O@cmd}
\def\mathsemactivate@P{\catcode`P\active \expandafter\let\mathsem@cap@p\mathsem@P@cmd}
\def\mathsemactivate@Q{\catcode`Q\active \expandafter\let\mathsem@cap@q\mathsem@Q@cmd}
\def\mathsemactivate@R{\catcode`R\active \expandafter\let\mathsem@cap@r\mathsem@R@cmd}
\def\mathsemactivate@S{\catcode`S\active \expandafter\let\mathsem@cap@s\mathsem@S@cmd}
\def\mathsemactivate@T{\catcode`T\active \expandafter\let\mathsem@cap@t\mathsem@T@cmd}
\def\mathsemactivate@U{\catcode`U\active \expandafter\let\mathsem@cap@u\mathsem@U@cmd}
\def\mathsemactivate@V{\catcode`V\active \expandafter\let\mathsem@cap@v\mathsem@V@cmd}
\def\mathsemactivate@W{\catcode`W\active \expandafter\let\mathsem@cap@w\mathsem@W@cmd}
\def\mathsemactivate@X{\catcode`X\active \expandafter\let\mathsem@cap@x\mathsem@X@cmd}
\def\mathsemactivate@Y{\catcode`Y\active \expandafter\let\mathsem@cap@y\mathsem@Y@cmd}
\def\mathsemactivate@Z{\catcode`Z\active \expandafter\let\mathsem@cap@z\mathsem@Z@cmd}

%%% punctuation characters
{
 \def\CAT#1{\catcode `#1 13 }
 \CAT +%
 \CAT -%
 \CAT =%
 \CAT *%
 \CAT >%
 \CAT <%
 \CAT ,%
 \CAT .%
 \CAT :%
 \CAT ;%
 \CAT /%
 \CAT ?%
 \CAT !%
 \CAT (%
 \CAT )%
 \CAT [%
 \CAT ]%
 \CAT |%
 \CAT 1%
 \CAT 2%
 \CAT 3%
 \CAT 4%
 \CAT 5%
 \CAT 6%
 \CAT 7%
 \CAT 8%
 \CAT 9%
 \gdef\mathsem@plus{+}%
 \gdef\mathsem@minus{-}%
 \gdef\mathsem@equal{=}%
 \gdef\mathsem@starchar{*}%
 \gdef\mathsem@greater{>}%
 \gdef\mathsem@lessthan{<}%
 \gdef\mathsem@comma{,}%
 \gdef\mathsem@period{.}%
 \gdef\mathsem@colon{:}%
 \gdef\mathsem@semicolon{;}%
 \gdef\mathsem@divides{/}%
 \gdef\mathsem@query{?}%
 \gdef\mathsem@factorial{!}%
 \gdef\mathsem@openparen{(}%
 \gdef\mathsem@closeparen{)}%
 \gdef\mathsem@openbrack{[}%
 \gdef\mathsem@closebrack{]}%
 \gdef\mathsem@vertbar{|}%
 \gdef\mathsem@zero{0}%
 \gdef\mathsem@one{1}%
 \gdef\mathsem@two{2}%
 \gdef\mathsem@three{3}%
 \gdef\mathsem@four{4}%
 \gdef\mathsem@five{5}%
 \gdef\mathsem@six{6}%
 \gdef\mathsem@seven{7}%
 \gdef\mathsem@eight{8}%
 \gdef\mathsem@nine{9}%
}
\let\mathsempluschar\mathsem@plus
\let\mathsemminuschar\mathsem@minus
\let\mathsemequalchar\mathsem@equal
\let\mathsemstarchar\mathsem@starchar
\let\mathsemgreaterthan\mathsem@greater
\let\mathsemlessthan\mathsem@lessthan
\let\mathsemcommachar\mathsem@comma
\let\mathsemperiod\mathsem@period
\let\mathsemcolonchar\mathsem@colon
\let\mathsemsemicolonchar\mathsem@semicolon
\let\mathsemdividechar\mathsem@divides
\let\mathsemquestionmark\mathsem@query
\let\mathsemexclammark\mathsem@factorial
\let\mathsemopenparen\mathsem@openparen
\let\mathsemcloseparen\mathsem@closeparen
\let\mathsemopenbrack\mathsem@openbrack
\let\mathsemclosebrack\mathsem@closebrack
\let\mathsemverticalbar\mathsem@vertbar
\let\mathsemzero\mathsem@zero
\let\mathsemone\mathsem@one
\let\mathsemtwo\mathsem@two
\let\mathsemthree\mathsem@three
\let\mathsemfour\mathsem@four
\let\mathsemfive\mathsem@five
\let\mathsemsix\mathsem@six
\let\mathsemseven\mathsem@seven
\let\mathsemeight\mathsem@eight
\let\mathsemnine\mathsem@nine
\expandafter\edef\csname mathsem@+\endcsname{\expandafter\string\mathsem@plus}
\expandafter\edef\csname mathsem@-\endcsname{\expandafter\string\mathsem@minus}
\expandafter\edef\csname mathsem@=\endcsname{\expandafter\string\mathsem@equal}
\expandafter\edef\csname mathsem@*\endcsname{\expandafter\string\mathsem@starchar}
\expandafter\edef\csname mathsem@>\endcsname{\expandafter\string\mathsem@greater}
\expandafter\edef\csname mathsem@<\endcsname{\expandafter\string\mathsem@lessthan}
\expandafter\edef\csname mathsem@,\endcsname{\expandafter\string\mathsem@comma}
\expandafter\edef\csname mathsem@.\endcsname{\expandafter\string\mathsem@period}
\expandafter\edef\csname mathsem@:\endcsname{\expandafter\string\mathsem@colon}
\expandafter\edef\csname mathsem@;\endcsname{\expandafter\string\mathsem@semicolon}
\expandafter\edef\csname mathsem@/\endcsname{\expandafter\string\mathsem@divides}
\expandafter\edef\csname mathsem@?\endcsname{\expandafter\string\mathsem@query}
\expandafter\edef\csname mathsem@!\endcsname{\expandafter\string\mathsem@factorial}
\expandafter\edef\csname mathsem@(\endcsname{\expandafter\string\mathsem@openparen}
\expandafter\edef\csname mathsem@)\endcsname{\expandafter\string\mathsem@closeparen}
\expandafter\edef\csname mathsem@[\endcsname{\expandafter\string\mathsem@openbrack}
\expandafter\edef\csname mathsem@]\endcsname{\expandafter\string\mathsem@closebrack}
\expandafter\edef\csname mathsem@|\endcsname{\expandafter\string\mathsem@vertbar}
\expandafter\edef\csname mathsem@0\endcsname{\expandafter\string\mathsem@zero}
\expandafter\edef\csname mathsem@1\endcsname{\expandafter\string\mathsem@one}
\expandafter\edef\csname mathsem@2\endcsname{\expandafter\string\mathsem@two}
\expandafter\edef\csname mathsem@3\endcsname{\expandafter\string\mathsem@three}
\expandafter\edef\csname mathsem@4\endcsname{\expandafter\string\mathsem@four}
\expandafter\edef\csname mathsem@5\endcsname{\expandafter\string\mathsem@five}
\expandafter\edef\csname mathsem@6\endcsname{\expandafter\string\mathsem@six}
\expandafter\edef\csname mathsem@7\endcsname{\expandafter\string\mathsem@seven}
\expandafter\edef\csname mathsem@8\endcsname{\expandafter\string\mathsem@eight}
\expandafter\edef\csname mathsem@9\endcsname{\expandafter\string\mathsem@nine}


% default values for user-level access expands to the inactive character
\def\mathsem@protectactiveotherchars{%
 \expandafter\ifx\mathsempluschar\uNdeEfInEd@\expandafter\def\mathsempluschar{+}\fi
 \expandafter\ifx\mathsemminuschar\uNdeEfInEd@\expandafter\def\mathsemminuschar{-}\fi
 \expandafter\ifx\mathsemequalchar\uNdeEfInEd@\expandafter\def\mathsemequalchar{=}\fi
 \expandafter\ifx\mathsemstarchar\uNdeEfInEd@\expandafter\def\mathsemstarchar{*}\fi
 \expandafter\ifx\mathsemgreaterthan\uNdeEfInEd@\expandafter\def\mathsemgreaterthan{>}\fi
 \expandafter\ifx\mathsemlessthan\uNdeEfInEd@\expandafter\def\mathsemlessthan{<}\fi
 \expandafter\ifx\mathsemcommachar\uNdeEfInEd@\expandafter\def\mathsemcommachar{,}\fi
 \expandafter\ifx\mathsemperiod\uNdeEfInEd@\expandafter\def\mathsemperiod{.}\fi
 \expandafter\ifx\mathsemcolonchar\uNdeEfInEd@\expandafter\def\mathsemcolonchar{:}\fi
 \expandafter\ifx\mathsemsemicolonchar\uNdeEfInEd@\expandafter\def\mathsemsemicolonchar{;}\fi
 \expandafter\ifx\mathsemdividechar\uNdeEfInEd@\expandafter\def\mathsemdividechar{/}\fi
 \expandafter\ifx\mathsemquestionmark\uNdeEfInEd@\expandafter\def\mathsemquestionmark{?}\fi
 \expandafter\ifx\mathsemexclammark\uNdeEfInEd@\expandafter\def\mathsemexclammark{!}\fi
 \expandafter\ifx\mathsemopenparen\uNdeEfInEd@\expandafter\def\mathsemopenparen{(}\fi
 \expandafter\ifx\mathsemcloseparen\uNdeEfInEd@\expandafter\def\mathsemcloseparen{)}\fi
 \expandafter\ifx\mathsemopenbrack\uNdeEfInEd@\expandafter\def\mathsemopenbrack{[}\fi
 \expandafter\ifx\mathsemclosebrack\uNdeEfInEd@\expandafter\def\mathsemclosebrack{]}\fi
 \expandafter\ifx\mathsemverticalbar\uNdeEfInEd@\expandafter\def\mathsemverticalbar{|}\fi
 \expandafter\ifx\mathsemzero\uNdeEfInEd@\expandafter\def\mathsemzero{0}\fi
 \expandafter\ifx\mathsemone\uNdeEfInEd@\expandafter\def\mathsemone{1}\fi
 \expandafter\ifx\mathsemtwo\uNdeEfInEd@\expandafter\def\mathsemtwo{2}\fi
 \expandafter\ifx\mathsemthree\uNdeEfInEd@\expandafter\def\mathsemthree{3}\fi
 \expandafter\ifx\mathsemfour\uNdeEfInEd@\expandafter\def\mathsemfour{4}\fi
 \expandafter\ifx\mathsemfive\uNdeEfInEd@\expandafter\def\mathsemfive{5}\fi
 \expandafter\ifx\mathsemsix\uNdeEfInEd@\expandafter\def\mathsemsix{6}\fi
 \expandafter\ifx\mathsemseven\uNdeEfInEd@\expandafter\def\mathsemseven{7}\fi
 \expandafter\ifx\mathsemeight\uNdeEfInEd@\expandafter\def\mathsemeight{8}\fi
 \expandafter\ifx\mathsemnine\uNdeEfInEd@\expandafter\def\mathsemnine{9}\fi
}

%\expandafter\def\csname mathsemactivate@+\endcsname{\catcode`+\active
%  \expandafter\expandafter\expandafter\let\expandafter\mathsem@plus\csname mathsem@+@cmd\endcsname}
%  \expandafter\MATHSEM@PLUS\csname mathsem@+@cmd\endcsname}

\def\mathsem@activate@char#1#2{%
 \expandafter\def\csname mathsemactivate@#1\endcsname{\catcode`#1\active
  \expandafter\expandafter\expandafter\let\csname mathsem@#2\expandafter\endcsname\csname mathsem@#1@cmd\endcsname}
}
\mathsem@activate@char +{plus}%
\mathsem@activate@char -{minus}%
\mathsem@activate@char ={equal}%
\mathsem@activate@char *{starchar}%
\mathsem@activate@char >{greater}%
\mathsem@activate@char <{lessthan}%
\mathsem@activate@char ,{comma}%
\mathsem@activate@char .{period}%
\mathsem@activate@char :{colon}%
\mathsem@activate@char ;{semicolon}%
\mathsem@activate@char /{divides}%
\mathsem@activate@char ?{query}%
\mathsem@activate@char !{factorial}%
\mathsem@activate@char ({openparen}%
\mathsem@activate@char ){closeparen}%
\mathsem@activate@char [{openbrack}%
\mathsem@activate@char ]{closebrack}%
\mathsem@activate@char |{vertbar}%
\mathsem@activate@char 0{zero}%
\mathsem@activate@char 1{one}%
\mathsem@activate@char 2{two}%
\mathsem@activate@char 3{three}%
\mathsem@activate@char 4{four}%
\mathsem@activate@char 5{five}%
\mathsem@activate@char 6{six}%
\mathsem@activate@char 7{seven}%
\mathsem@activate@char 8{eight}%
\mathsem@activate@char 9{nine}%

\mathsem@protectactiveotherchars

%\expandafter\show\csname mathsemactivate@2\endcsname
%\show\mathsemtwo
%\expandafter\show\mathsemtwo

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% Hacks required with  \pdfcomment  package
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
\RequirePackage{pdfcomment}
% to prevent tagging while measuring
\def\mathsem@notagging#1#2#3{#1}
\DeclareRobustCommand{\mathsem@notooltip}[3][]{#2}%
%
\DeclareRobustCommand{\mathsem@dotooltip}[3][]{%
 %\leavevmode  % we cannot be in vertical mode
 % Copy all global options to local options
 \pc@copy@gopt@lopt
 % Change local options if specified
 \setkeys{pdftooltip}{#1}%
 \ifpc@lopt@disable
   #2%
 \else
  \ifmmode
   \mathsem@nonmath{\pc@encode@PDF@math{#3}}%
  \else
    \pc@encode@PDF{#3}%
    \hspace*{0pt}%
  \fi
  \begingroup
    % allow for nested tooltips
    \let\mathsem@tagging\mathsem@notagging
    \let\mathsem@tooltip\mathsem@notooltip
    \setbox0=\hbox{$\pc@lopt@mathstyle{}#2{}$}%
    \edef\next{\endgroup 
     \noexpand\pc@box@width=\the\wd\z@
     \noexpand\pc@box@height=\the\ht\z@
     \noexpand\pc@box@depth=\the\dp\z@
   }\next
  \stepcounter{zref@unique}%
  \mathsem@pdf@dotooltip
    {\the\pc@box@width}{\the\pc@box@height}{\the\pc@box@depth}%
    {#2}{$\pc@lopt@mathstyle{}#2{}$}%
 \fi
 %only local!
 %\gdef\pc@lopt@mathstyle{}%
}
%\let\pdftooltip\mathsem@dotooltip

% back-end methods
% pdftex  uses pre-measured widths, #5 ignored
\def\mathsem@tooltip@pdftex#1#2#3#4#5{%
  \pdfannot width #1 height #2 depth #3{%
    /Subtype /Widget\space%
    \mathsem@annot@tooltip}%
  #4%
}
% dvipdfmx  uses pre-measured widths, #5 ignored
\def\mathsem@tooltip@dvipdfmx#1#2#3#4#5{%
  \special{pdf: ann width #1 height #2 depth #3%
    <<%
     /Subtype /Widget\space%
     \mathsem@annot@tooltip%
   >>}%
  #4%
}
% dvips via pdfmark  
\let\real@hyperref@pdf@rect\pdf@rect
\def\mathsem@tooltip@dvips#1#2#3#4#5{%
  \begingroup
   \dimen@=#2\relax
   \edef\mathsem@height{\strip@pt\dimen@}%
   \dimen@=#3\relax
   \edef\mathsem@depth{\strip@pt\dimen@}%
   \edef\next{\endgroup
    \def\noexpand\mathsem@height{\mathsem@height}%
    \def\noexpand\mathsem@depth{\mathsem@depth}}%
   \next
   \let\\\break %   because \pdfmark@  is badly written
   \ifmmode
    %  this will be usual
    \edef\pdf@rect##1{%
     \noexpand\mathsem@pdf@rect{#1}{\mathsem@height}{\mathsem@depth}{%
      \let\pdf@rect\real@hyperref@pdf@rect  % revert, in case needed in  ##1
      ##1}}%
   \else
    \let\pdf@rect\real@hyperref@pdf@rect
   \fi
%  \pdfmark[\ifmmode#5\else#4\fi]%
   \pdfmark[#4]{%
    pdfmark=/ANN,%
    Subtype=/Widget,%
    Raw={\mathsem@annot@tooltip}%
   }%
}
\def\mathsem@pdf@rect#1#2#3#4{%
 \literalps@out{H.S}%
 #4%
 \literalps@out{H.R}%
 \pdf@addtoksx %{H.B}%
  {/Rect[pdf@llx HyperBorder add pdf@lly #3 PDFToDvips add HyperBorder sub %
   pdf@urx pdf@lly #2 PDFToDvips sub HyperBorder sub]}%
}
% choose the output driver
\AtBeginDocument{%
 \ifpdf
  \global\let\mathsem@pdf@dotooltip\mathsem@tooltip@pdftex
 \else 
  \ifpc@gopt@dvipdfmx
   \global\let\mathsem@pdf@dotooltip\mathsem@tooltip@dvipdfmx
  \else
   \global\let\mathsem@pdf@dotooltip\mathsem@tooltip@dvips
  \fi
 \fi
}

% semantic strings need PDF1 encoding; expansion of any active chars
% must be done in non-math context, else wrong glyphs may be used
\newbox\mathsem@nullbox
\def\mathsem@nonmath#1{\setbox\mathsem@nullbox=\hbox{#1}}
%
% adjust the tooltip properties to prevent an unwanted border showing with MacOS PDF readers
\newcommand{\mathsem@annot@tooltip}%
{%
  /TU (\pc@pdfenc@contents)\space%
  /T (\thezref@unique)\space%
% the /C setting specifies what colour to use on a  mousedown  event
% this should be empty, rather than white
% Furthermore, MacOS PDF viewers draw an outlining rectangle if this is specified non-empty.
%  /C [1 0 0]\space%
  /C [ ]\space%
  /FT/Btn\space%
  /F 768\space%   Annotation flags:  256 + 512  ==> 
  /Ff 65536\space%   Form field flags â�� do we need this ???   bit 17 ==> pushbutton, no permanent value
  /H/N\space%
  /BS << /W 0 >>\space%   Border style, 0 width
}%
\let\pc@annot@tooltip\mathsem@annot@tooltip
%
%  no need for  "zref@"  prefix string; why is it there anyway? 
\renewcommand{\thezref@unique}{tooltip \number \c@zref@unique}
%  \edef\thezref@unique{tooltip \number \c@zref@unique}%
% the keyword  tooltip  need not be hard-coded

%patching math-environments
\let\real@latex@inlinemath\(
\let\real@latex@endinlinemath\)
\let\real@latex@displaymath\[
\let\real@latex@enddisplaymath\]
\let\real@latex@mathdisplay\mathdisplay
\let\real@latex@eqnarray\eqnarray
\let\real@latex@eqnarraystar\eqnarraystar

\def\mathsem@inlinemath{\relax \bgroup
 \ifmmode \@badmath 
 \else 
  \expandafter\everymath\expandafter{\the\everymath\mathsemobeylines}%
  \expandafter\mathsemstartmath 
  \expandafter $%
 \fi }
\def\mathsem@endinlinemath{\real@latex@endinlinemath\egroup}

\def\mathsem@displaymath{%
 %\expandafter\everydisplay\expandafter{\the\everydisplay\mathsemstartmath\mathsemobeylines}%
 \real@latex@displaymath
 \mathsemstartmath
 \mathsemobeylines
 }
 
\def\mathsem@mathdisplay#1{%
  \real@latex@mathdisplay{#1}%
  \mathsemstartmath
  \mathsemobeylines
 }
 
\def\mathsem@eqnarray{%
  \real@latex@eqnarray
  \mathsemstartmath
  \mathsemobeylines
}

\def\usemathseminline{%
 \let\(\mathsem@inlinemath
 \let\)\mathsem@endinlinemath
% \let\[\mathsem@displaymath
% \let\]\mathsem@enddisplaymath
 \let\mathsemstartmath\mathsem@startmath
 \let\mathsemobeylines\mathsem@obeylines
}
\def\cancelmathseminline{%
 \let\(\real@latex@inlinemath
 \let\)\real@latex@endinlinemath
% \let\[\real@latex@displaymath
% \let\]\real@latex@enddisplaymath
 \let\mathsemstartmath\relax
 \let\mathsemobeylines\relax
}

\def\usemathsemdisplay{%
% \let\[\mathsem@displaymath
% \let\]\mathsem@enddisplaymath
 \let\mathdisplay\mathsem@mathdisplay
 \let\eqnarray\mathsem@eqnarray
 \let\eqnarraystar\mathsem@eqnarraystar
 \let\mathsemstartmath\mathsem@startmath
 \let\mathsemobeylines\mathsem@obeylines
% \mathsem@use@AMS@envs
}
\def\cancelmathsemdisplay{%
% \let\[\real@latex@displaymath
% \let\]\real@latex@enddisplaymath
 \let\mathdisplay\real@latex@mathdisplay
 \let\eqnarray\real@latex@eqnarray
 \let\eqnarraystar\real@latex@eqnarraystar
 \let\mathsemstartmath\relax
 \let\mathsemobeylines\relax
% \mathsem@cancel@AMS@envs
}

 
\def\mathsem@eqnarray{%
  \def\mathsem@afterobeylines{\real@latex@eqnarray}%
  \mathsemstartmath
  \mathsemobeylines
}
 
\def\mathsem@eqnarraystar{%
  \def\mathsem@afterobeylines{\real@latex@eqnarraystar}%
  \mathsemstartmath
  \mathsemobeylines
}

% need to patch  \begin & \end  to pick up ends of math-environments,
% since some letters may have been activated
\let\real@latex@begin\begin
\let\real@latex@end\end
\def\mathsem@beginenv{\begingroup
 \mathsem@reset@lettercodes
 \mathsem@beginenv@i
}
\def\mathsem@endenv{\begingroup
 \mathsem@reset@lettercodes
 \mathsem@endenv@i
}
\def\mathsem@beginenv@i#1{%
 \endgroup \real@latex@begin{#1}}
\def\mathsem@endenv@i#1{%
  \endlinechar=-1\relax \everyeof{\noexpand}%
  \expandafter\edef \expandafter\this@envname \expandafter{\scantokens{#1}}%
  \edef\next{\endgroup\noexpand\real@latex@end{\this@envname}}
 \next
}
% \endgroup \real@latex@end{#1}}

% lowercase letters and * may appear in environment names
\def\mathsem@reset@lettercodes{%
 \catcode`* 12\relax
 \catcode`a 11\relax
 \catcode`b 11\relax
 \catcode`c 11\relax
 \catcode`d 11\relax
 \catcode`e 11\relax
 \catcode`f 11\relax
 \catcode`g 11\relax
 \catcode`h 11\relax
 \catcode`i 11\relax
 \catcode`j 11\relax
 \catcode`k 11\relax
 \catcode`l 11\relax
 \catcode`m 11\relax
 \catcode`n 11\relax
 \catcode`o 11\relax
 \catcode`p 11\relax
 \catcode`q 11\relax
 \catcode`r 11\relax
 \catcode`s 11\relax
 \catcode`t 11\relax
 \catcode`u 11\relax
 \catcode`v 11\relax
 \catcode`w 11\relax
 \catcode`x 11\relax
 \catcode`y 11\relax
 \catcode`z 11\relax
% \catcode`A 11 
% \catcode`B 11 
% \catcode`C 11 
% \catcode`D 11 
% \catcode`E 11 
% \catcode`F 11 
% \catcode`G 11 
% \catcode`H 11 
% \catcode`I 11 
% \catcode`J 11 
% \catcode`K 11 
% \catcode`L 11 
% \catcode`M 11 
% \catcode`N 11 
% \catcode`O 11 
% \catcode`P 11 
% \catcode`Q 11 
% \catcode`R 11 
% \catcode`S 11 
% \catcode`T 11 
% \catcode`U 11 
% \catcode`V 11 
% \catcode`W 11 
% \catcode`X 11 
% \catcode`Y 11 
% \catcode`Z 11 
}

% \displaylines  cannot work, as it reads the argument


\def\mathsem@support@forenv#1#2{%
 \expandafter\let\csname real@#1@#2\expandafter\endcsname\csname #2\endcsname
 \begingroup
  \expandafter\gdef\expandafter\mathsem@tmp@env\expandafter{%
    \expandafter\def\expandafter\mathsem@afterobeylines\expandafter
     {\expandafter\tracingall
       \csname real@#1@#2\endcsname}%
   \let\begin\mathsem@beginenv
   \let\end\mathsem@endenv
   \let\@checkend\mathsem@checkend
   \mathsemstartmath
   \mathsemobeylines
  }%
 \endgroup
 \expandafter\let\csname mathsem@#2\endcsname\mathsem@tmp@env
% \expandafter\show\csname mathsem@#2\endcsname
}

% patch AMS-math aligned environments
\mathsem@support@forenv{ams}{align}


\def\mathsem@use@AMS@envs{%
 \let\align\mathsem@align
}

\def\mathsem@cancel@AMS@envs{%
 \let\align\real@ams@align
}

% need to patch  \@checkend  to restore catcodes of any active letters

\let\real@latex@checkend\@checkend
\def\mathsem@checkend#1{%
 \begingroup
  \mathsem@reset@lettercodes
  \endlinechar=-1\relax \everyeof{\noexpand}%
  \expandafter\edef \expandafter\this@envname \expandafter{\scantokens{#1}}%
%  \show\this@envname
 \edef\next{\endgroup\noexpand\real@latex@checkend{\this@envname}}%
 \next
}

% hook into LaTeX's  \frozen@every...  math-initialisation structures
\frozen@everymath = {%
 \check@mathfonts
 \the\everymath
% \mathsemstartmath
% \mathsemobeylines
}
%\frozen@everydisplay = {%
% \check@mathfonts
% \the\everydisplay
% \mathsemstartmath
% \mathsemobeylines
%}

\endinput


http://link.springer.com/book/10.1007/978-3-319-20615-8

paper the term ‘semantics’ could be taken to mean a ‘well-structured, meaning-
ful, vocal or extra rendition’ of mathematical content, understandable without
the need to see the visual form of the expression.

Several WX packages' support tool-tips, with all employing rather verbose
coding. For example, in a linguistics context, one might want something like
S + O using coding? as follows — call this Ezample B:  (Test it® yourself.)

\pdftooltip{S}{S,Subject}\pdftooltip{+}{plus,Verb}\pdftooltip{0}{0,0bject}

This puts quite a heavy burden on a document’s author to keep both the visual
form of the mathematics, and associated semantics, fully correct during editing.

This kind of ‘low-level’ semantic enrichment of mathematical content is different
to, but need not be incompatible with, using KTEX to semantically enrich doc-
uments for a ‘Semantic Web’ as described in [2]. These use the SIEX collection
of WTEX macro packages [6]; see Example F' below for relevant remarks.

2 Adding semantics to math environments

To help alleviate the burden, the mathsem package* employs a concept of ‘active
comment’ (or ‘semantic comment’). This allows extra words to be introduced
into the TEX-based processing and stored for later use. These can appear as text
in a tooltip, or be used in other ways such as ‘alternative text’ for vocalisation
purposes. We use the term ‘tagging’ to refer to addition of such information, with
symbols and expressions becoming ‘tagged’. Without the package, the comments
are simply ignored, thus giving the correct visual form with no edits required.
A series of examples follow, in sequence with A and B above. Each intro-
duces concepts and explains syntax used in the package. Example D shows how
user-defined macros overcome an inherent difficulty. This opens up great flexi-
bility allowing semantics to be applied to not just individual symbols, but sub-
expressions and the environment as a whole; see Fxamples E and F'.

Example C. At the simplest level, meanings of symbols are passed using TEX
comments, without interrupting the coding of the mathematical expression.

A\ ( . . e
Y$semantics Spacing and vertical positioning

% a $ the dog of symbols should be unaffected.

% b $ the bone; another bone Non-tagged output: a4+ b+ b

% + $ eats 52

% 2 $ many bones Tagged output: a+b+b
%#$endsemantics B2 2

a1 b+ b{b-{2]} a+tfi+b Jse+a!:r+Q§‘|.1

[ . k] another bone
<,)other comments ignored L2 the bone | e —T—

1 pdfcomment, fancytooltips, cooltooltips. Click for links to CTAN.

2 This uses the \pdftooltip command from the pdfcomment package [7].

3 Not all PDF readers support tooltips; Adobe Reader® is recommended.

4 ... downloadable from https://rutherglen.science.mq.edu.au/ maths/CICM/.


https://www.ctan.org/tex-archive/macros/latex/contrib/pdfcomment?lang=en
https://www.ctan.org/tex-archive/macros/latex/contrib/fancytooltips?lang=en
https://www.ctan.org/tex-archive/macros/latex/contrib/cooltooltips?lang=en
https://acrobat.adobe.com/au/en/products/pdf-reader.html
https://rutherglen.science.mq.edu.au/~maths/CICM/

TgXnical Note. This works using TEX’s category-code mechanism [8] to adjust
the roles of ‘%’ and end-of-line, so lines beginning with ‘%’ no longer need be
ignored. Such ‘semantic comment’ lines are parsed to identify characters to which
semantics can be attached. Valid syntax is lines of the following forms:

% (token) $ (semantics) (line-end)
% ${keyword) (line-end)

with spaces allowed either side of the (token) and ‘¢’ delimiter, chosen since ‘$’
can never occur within a math-environment. The (semantics) can specify a list,
delimited with *;’ (semi-colon), of text snippets to be used with successive in-
stances of the same character with the final one persisting for continued use. (See
the line for ‘b’ in Fzample C'). The $semantics keyword is optional, reminding
an author of the purpose of semantic comments which follow.

After reading a semantic comment and storing its (semantics), TEX ‘looks
ahead’ to see whether the next line also starts with ‘% . If so, this is scanned for
a semantic comment; otherwise the scope terminates. Any line beginning with
an active ‘%’ followed by nothing, ‘$endsemantics’, an unrecognised keyword or
other violation of the strict syntax, is treated as an ordinary comment; the scope
for active ‘%’s terminates. Next, any found (token) characters are ‘activated’, by
having their \catcode set to 13, before actual mathematical content starts. Such
‘active’ characters behave as a single-letter name for a macro, which expands to
produce the tooltip before placing an (unactive) character into the math-list for
normal processing. A single-digit exponent must be enclosed within braces (e.g.,
..~{b~{2}} in Ezample C), since the ‘2’ now expands into more than just a
single character being superscripted. This active nature of characters is carefully
controlled; in particular, being restricted to just a single math-environment.

Ezample D. Use of active characters, as outlined in the TgXmnical Note, has
one drawback; but there is an easy work-around. When a letter variable, ‘a’ say,
is activated for semantic enrichment, this letter cannot be used in any macro
names employed directly within the same math-environment.

A\ ( The result can be surprising, pro-
%$semantics ducing either wrong output or a TEX
% + $ added to error, or both: Ra = acl2(a+ara)
% a$ complex number a; a; a conjugate

%$endsemantics ! Undefined control sequence.
\Re a = \tfraci2(a + \bar{a}) 1.331 \Re a = \tfr

\) acl2(a + \bar{al})

A warning message also is issued; viz.
LaTeX Warning: Command \b invalid in math mode on input line 331.

The reason is that the letter ‘a’ cannot be used within macro names, as it no
longer has the category code of a letter when it is later used as part of the
mathematics. User-defined macros provide the solution as in the next example.

5 using TEX’s \futurelet primitive command



FEzxample E.

\DeclareRobustCommand{\HALFOF}}, Existing macro names can also be
{\tfrac12}% enriched with semantics, provided
\DeclareRobustCommand the macro-name does not use any
{\ACONJUGATE}{\bar{al}}’ letters that are to be made active;
A\ ( in this example \Re is ‘safe’, but
%$semantics \tfrac and \bar are not, because
%\Re $ real part of of the active letter ‘a’. An ‘unsafe’
% a $ a complex number a ; a macro is protected within the ex-
% = $ equals pansion of a previously defined ‘safe’
%\HALFOF $ half of macro. Since most usual TEX and
% ( $ open bracket ETEX commands use only lowercase
% + $ added to letters to form the name, we em-
%\ACONJUGATE$ its complex conjugate ploy just uppercase letters in the
% ) $ close bracket new names used here.
h$endsemantics Non-tagged: Ra = 3(a + a)
\Re a = \HALFOF (a + \ACONJUGATE)
\) Tagged: Ra = 1(a+a)

Being already active, the existing macro expansion is first saved under an inter-
nal name. Just as with active characters, a new expansion creates the tooltip
before placing the actual mathematics using this saved expansion. Macro names
themselves are best chosen to correspond to the semantic meaning, as in [2,5,6].
\DeclareRobustCommand allows for better log-messages and safe captions, etc.

Ezxample F. This next example is based upon Example 1 in the §[EX documen-
tation [6], using macros \CsumLimits and \Cpower (incorrectly stated as \Cexp
in [6]), as defined for §TEX.

{\DeclareRobustCommand{\InfinSumXexpK}{\CsumLimits{k}1\infty{\XtotheK}}/,
\DeclareRobustCommand{\XtotheK}{\Cpower{\varx}{\vark}}%

\DeclareRobustCommand{\vark}{k}% Non-tagged: E:?;lxk
\DeclareRobustCommand{\varx}{x}% oo k
\( Tagged: Do
%$semantics TR=T

% \vark $ bound variable k z:zi ke

% \varx $ free variable x
% \infty $ infinity
%#\XtotheK $ variable x raised to the power k

M\InfinSumXexpK $ sum with k from 1 to infinity, of x to the power k
\InfinSumXexpK

)}

variable x raised to the power k
|

To indicate the available flexibility, this example uses the character ‘.’ both
tagged, via \vark, and untagged in the lower limit of the sum. The upper limit
of ‘o0’ is tagged, whereas the lower limit ‘1’ is not — but could have been. Being
provided internally by the macro \CSumLimits, it is not possible to tag the ‘=’
(equals sign). This would be possible if STEX had used a macro, \EqualsSign
say, in its definition for \CSumLimits.



Ezample G. Frequently the same semantics will need to be attached to a variable
or expression, being used in multiple environments within a paragraph or larger
sectional unit within a publication. The following declares ‘default’ semantics

\DeclareMathSemantics{(token)}{(semantics)}

where (token) may be a single character or macro. The (semantics) then apply
to instances of (token) inside all math-environments within the current TEX
grouping. However, ‘semantic comments’ are still needed to activate characters.

{\DeclareMathSemantics{n}{integer value n 1}J
\DeclareRobustCommand{\HALF}{\tfrac12}
\DeclareMathSemantics{\HALF}{half}%
\DeclareRobustCommand{\INTEGERsumToN}{\sum_{k=1}"{n}}%

Summing consecutive positive integers, we have the formula

\ (

\INTEGERsumToN $ sum from k = 1 up to n of

\HALF $;

. . Summing consecutive positive
% k $ bound variable k

integers, we have the formula

% = $ equals Non-tagged: n _ 1

% ( $ open bracket > ket k = 5n(n+1) for each
Y n$n n=1,2,3,....

% + $ plus Summing consecutive positive
:ﬁ 1§ unity integers, we have the formula
é ) $ close bracket Tagged: Sh_ k= %n(n/+-1) for each
° =1,2,3,....
\INTEGERsumToN{k} = \HALF n\, (n+1) n=123

\) for each \( E— ln(n+ Ly - ln{n—l— 1) for
%o $; 9 3 k_} aa °

% = $ taking values A hgf. "Tsum from k = 1 up 1o n of

% \ldots $ and so on - e
% !l’\.'l TITL Y o TITC fl\.’l.lJ.J.'Ll_ Lk:l T — Efb kfb -
n =1, 2, 3, \ldots\ ; En(gb;’ 1) for eaq =1,2,3,....

\). T integer valuen | _
Y -

Empty list elements, viz. ‘% \HALF $;’ and ‘% n $;’, specify the default to be
used as semantics. On the RHS of the summation equality, the instances of n
use semantics defined by ‘%4 n $ n’ to override the default.

Defaults may be read from a file to apply to whole sections. Then local defini-
tions can be used to override, or set a few specific new defaults to apply within a
limited scope. Authors can then still use ‘active comments’ in the most specific
instances that the default has not given the most appropriate meaning. This
aspect is most important with machine-generated code, having final verification
by a human, to provide the most relevant semantics within a particular context.

3 Possible future developments

Adding support for the aligned environments defined in the Ap\S-math is a top
priority for further development of the mathsem package. With ‘active comments’



being a viable way to include extra (semantic) information into the processing
of math-environments, one can envisage other places to use this; e.g., chemi-
cal formulee, chess layouts, contexts where single letters represent complicated
objects. More keywords can be implemented; e.g., to add meaningful /Alt text
for PDF tagging (using /Formula<</Alt(...)...>> BDC ) of complete math-
ematical formulae, in documents conforming to the PDF/UA [4] standard. All
formulze must have alternative text for the benefit of screen-readers and other
assistive technology. Code for Fzample B might then start as follows.

\(

% $all

% "S + 0" representing "Subject, Verb, Object"
% $semantics

Such tagging of structure with /Alt text applies to “Tagged PDF” generally, as
in the author’s earlier work [9,10,11]. Those methods need an interface to allow
a document’s author to supply words to override built-in defaults, where the
meaning of a mathematical symbol can be dependent on context.
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