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MULTI-COLUMN OUTPUT FORMAT

Barbara N. Beeton
American Mathematical Society

At the AMS, we are still using the old SAIL ver-
sion of TEX, which is severely limited in memory
capacity. Several of our publications are formatted
with very small type in multiple columns; one such
publication, the Combined Membership List of the
Society and two other mathematical organizations,
can require over 15,000 G—pomtcharacters on a single
printed page.

To avoid overloading memory (both memsize and
varsize are susceptible), we take advantage of the
fact that, to TEX, each column is a “\page”. Instead
of saving all columns on a page until the final column
is complete, each column is shipped out to the .DVI
file a8 soon as it is ready. The several columns which
comprise a true page are then “pasted up” by the
output driver software, using instructions stored in
an “option” file or interactively by responding to a
“format spec” request.
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There is another advantage to this technique
has: Our publication-quality output device, an
Alphatype CRS, sets type one baseline at a time,
across the full page width for each baseline.
Mechanically, a lens (which transmits the -type
image from a CRT screen to photographic paper)
rides along & worm gear for the required distance,
then returns. For most applications, type is set in
both forward and reverse directions, but in some
cases (because of alignment problems), type can be
produced in only one direction. If a page contains
4 columns, say, but the baselines from column to
column are not evenly aligned (as in the TUG mem-
bership list), driving the lens across the full page
width could cause the distance traveled to be over
300% greated than necessary, with a corresponding
increase in the length of time required to complete a
page. Since the Alphatype is a slow machine (wall-
clock time can be over 5 minutes for particularly
dense pages), the saving is significant.

Initjalisation and defaults

The output routine requires two “page counters”:
\count0 keeps track of columns {or “\pages” in the
TEX sense), and \count9 is used to record the print-
ing page number. Depending on how the output
driver keeps track of where it is in a .dvi file, one
or the other of these can be used to restart a job in
the middle, or to print only selected pages.

Registration marks may be output to delimit the
trim area; “T” marks, centered top and bottom, or
drawn corners may be chosen. Vertical rules may be
drawn between columns. Running heads and folios
are accommodated, as are top and bottom matter
on the first page; these “full-width” elements are
output only on the last segment of a page, while
registration marks are generated on each segment,
assuring that all true pages have the same number
of columns for the sake of the output device driver.
Muitiple sections, each with its own “first page”,
may be strung together in the same TeX run.

Page width is calculated dynamically. Column
and intercolumn widths are specified (in the input)
as an integral number of points. If \1eaders are to
be used, the column and intercolumn widths must
be multiples of the leader width, in order to assure
correct alignment.

All parameters are initialized; if none are reset,
output will be two-column pages of TUGboat
dimensions, that is, suitable for printing on 8.5x11
inch paper, with 1-inch side margins and .75-inch
margins top and bottom. All running head and folio
strings are initially empty, and only those required
for a particular job need be reset.
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Parameters are of 4 types:
n = integer
d = dimensicn (e.g. 12in}
T == gingle letter or text string
¢ = control sequence
This header file (called multcol.hdr) may be
used with AMS-TEX. If it is, the user must specify
\useamstex
and input the header files in the following order:
\input 0-Oat.mac
\input multcol.hdr
\input 0-0at.fnl
Page dimensions (in points) are set as follows:

Page width:
\setcolmax{n}  number of columns
\setcolwd{n} width of one column .
\setintercol{n} width of gap between columns
\resetpagewd

Page length:
\settoplgt{n} height of first-page header
\setbotlgt{n} height of first-page footer
\setrheadlgt{n} height of running head box
\setrfootlgt{n} height of folio box
\setcollgt{n} height of full-page column

\resetfpagelgt or \resetpagelgt
Page and column numbers (initialized to 1) are
set by:
\setpageno{n} printing page number
\setspoolno{n} column number for spooler
To establish type and placement of trim marks:

\settrimtype{z} C,T,orU
\settrimlgt{d} default = 11in
\settrimwd{d} default = \pagewd
\setheadmargin{d}

Type C gives top and bottom corners at the trim
boundaries, T (default) gives “T” marks, and U gives
upper corners only. The page contents are centered
horizontally within the trim width (the present ver-
sion does not permit different treatment of left- and
right-hand pages, e.g.), and vertically within the
trin length unless a different head margin has been
specified.
A vertical rule will be drawn between columns if
\userule{T}
is specified, or suppressed (default) if F.
To define running heads (all text strings default
to null):
\setrunners{
\tirstrun z\\ running head on first page:
T = yes or F = no (default)

\rheadfont c\\ font; default is ‘current’ font

\outside z\\

\inside z\\

\midhead z\\

\leftmid z\\

\rightaid z\\

\runskip d\\

> end of running head items
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\outside and \inside specify the running head
segments which appear at the outer margin (left
on even pages, right on odd) and toward the spine,
respectively. If centered header text is to be the
same on left (even) and right (odd) pages, \midhead
is used; otherwise \leftmid and \rightmid give
the different segments. \runskip gives the dis-
tance between the baseline of the running head
and the top of the page body; default = 10pt.
\setrunners<. ..} is cumulative: different portions
may be initiated at different times, as convenient; no
portion returns to the default value automatically,
but must be reset.

A folio, or page footer, may be defined by giving
the full description:

\setfolio{z}

This is not implemented as elaborately as the run-
ning head, mainly because folios are not as common
as running heads in AMS publications.
Top and bottom matter for the first page are
specified by:
setfirsthead{z}
setfirstfoot{z}

These items are set within \vboxes of heights
specified by \settoplgt and \setbotlgt.
The following marks are made available for each
completed page:
\topterm \firstmark at top of first column
\lastterm \botmark from last completed column

At the end of a section (bottom of last data
column, just before \eject) a message or special
routine may be inserted:

\def \endjobmsg{z}

A common use of this feature is a \send to establish
the starting page number for a subsequent section.
In any event, the following message is sent to the
terminal (and to the .err file) at the end of the job:

\send0{data ends on page \curpage, column \xcol}
(this requires that file 0 not be \opened).

Maero definitions
The following “utility” macros are required:

% avoid vertical glue when making up pages:

\def \basezero{\baselineskip Opt\lineskip Opt}

% pseudo-counters:

% structure: \xcount{name}{value}

\def \setxcount#1#2{\setcount7#2

. \xdez#1{\count7}}

\def \advzcount#1{\setcount7#1

\advcount7\xdez#1{\count7}}

\def \chgzcount#1#2{\setcount7#l
\advcount7 by #2\zdef#1{\count7}}
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% registration marks:
% “T” marks centered on top and bottom trim edges
\def \topregister{\vbox to Opt{\vss
\hbox to \trimwd{\hfil
\vrule height 24 pt width O0.2pt\hfil}
\hbox to \trimwd{\hfil
\vrule height 0.2pt width 0.5in\hfil}}}
\dez \tbotregister{\vbox to Opt{
\hbox to \trimwd{\nfil
\vrule height 0.2pt width 0.5im\hfil}
\hbox to \trimwd{\hfil
\vrule height 24 pt width 0.2pt\h£il}
\ves}}
% corners at limits of trim area
\det \ctopregister{\vbox to Opt{
\hbox to \pagewd{\hss\hbox to \trimwd
{\vrule depth .5in width 0.2pt
\vrule depth 0.2pt width .5in
\hfil
\vrule depth 0.2pt width .5in
\vrule depth .5in width 0. 2pt}\hss}
\vss}} ..
\def \cbotregister{\vbox to Opt{\vss
\hbox to \pagewd{\hss\hbox to \trimwd
{\vrule height .5in width 0.2pt
\vrule height 0.2pt width .5in
\h£il
\vrule height 0.2pt width .5in
\vrule height .5in width 0.2pt}\hss)}}
AMS-TEX “protects” certain control sequences,
e.g. \page as \page|, and disables the “basgic” se-
quence. The following permits an: orderly transition
to the AMS-TEX conventions:
\def \isamstex{B}
\de? \useamstex{\gdef\isanstex{A}
\gdez\normaloutputi{\outa}}
Initialization comprises a large number of control
sequence pairs, of the following structure:

\def \colmax{2}
\def \setcolmax #1{\gdef\colmax{#1}}

The following conformm to this structure, with
defaults as shown:

\setcolmax \colmax 2
\setcolwd \xcolwd 235
\setintercol \intercol 18
\settoplgt \xtoplgt 0
\setbotlgt \xbotlgt 0
\setrheadlgt  \xrheadlgt 24
\setrfootlgt  \xrfootlgt \xrheadlgt
\setcollgt \xcollgt -
\settrinlgt \xtrimlgt iiin
\settrinwd \xtriawd \pagewd
\userule \xrule F
\setfolio \tolio O
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Some of the initialization macros are more elaborate:

\def \headmarginsw{F}

\def \headmarginlgt{}

\def \setheadmargin #1i{\gdef\headmarginsw{T}
\gdef\headmarginigt{#1}}

\def \topregister{\ttopregister}
\def \botregister{\tbotregister}
\dez \gettrimtype #1{
\iz T#1{\gde?\topregister{\ttopregister}
\gdet\botregister{\tbotregister}}
\else{\if C#1{\gdef\topregister{\ctopregister}
~ \gdef\botregister{\cbotregister}}
\else{\if U#1{\gdef\topregister{\ctopregister)}
\gdef\botregister{}}
\else{\send0{invalid trim type; T marks will be used}}}}}

\de? \firstrunner{F}

\def \firstfolio{F}

\def \rhfont{}

\def \outruaner{}

\de? \inrunner{}

\def \leftmidrunner{}

\def \rightmidrunner{}

\def \runskiplgt{10pt}

\def \setrumners #i{ .
\def\firstrun##i\\{\gdef\firstrunner{##1}}
\det\rheadfont##1\\{\gdef \rhiont{##1}}
\det\outside##1\\{\gdef \outrunner{{#£1}}}
\def\inside#21\\{\gdef \inrunner{{##1}}}
\def\midhead##1\\{\gdet\leZ tnidrunner{{##1}}

\gdef\rightmidrunner{{##1}}}
\def\leftmid##1\\{\gdef\lot tmidrunner{{##1}}}
\def\rightmid##1\\{\gdef \rightmidrunner {{##1}}}
\d;t\runskip##i\\{\gdet\runskiplgt{#tl}}

#1

\def \firsthead{}
\def \getfirsthead #i{\gdef\firsthead{
\vbox to \xtoplgt pt{
\if \xzcol\colmax{{#1}}
\else{}}}}

\deZ \firstfoot{}
\de? \setfirstfoot #i{\gdef\firstfoot{
\vbox to \xbotlgt pt{
\i? \xzcol\colmax{{#i}}
\else{}}}}

\det \setcurpage{\ifpos9{\xdel\curpage{\count9}}>
\else{\setcount7? -\count9 adjust for roman numerals
\xdef\curpage{-\count7}}}
\def \pageno{1}
\def \resetcurpage{\setcount9\pageno \setcurpage}
\def \setpageno #1{\gdef\pageno{#1i}\resetcurpage}
\resetcurpage

\setcount0 1
\def \setspoolno #i{\setcount0d #1 }

\topbaseline Opt align tops of multiple columns rather than baselines
to accommodate type of different sizes
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Page dimensions are calculated using counter arithmetic:

\def\resetpagelgt{ ordinary page
\setcount2 \xcolligt length of full-page column
\advcount2 by \xrheadlgt add length of running head
\advcount2 by 2 include \maxdepth
\advcount2 by \xrfootlgt add length of folio
\xdef \pagelgt{\count2 pt} full-page length

\xdef \rheadlgt{\arheadlgt pt)
\xdef \rfootlgt{\xrfootlgt pt}}

\def \resetfpagelgt{\resetpagelgt first page of a section
\xdef \toplgt{\xtoplgt pt} length of first page top matter
\xdef \botlgt{\xbotlgt pt} length of first page bottom matter

\setcounti \xcollgt

\advceounti by -\xtoplgt

\advecounti by -\xbotlgt

\vsize \counti pt length of column on first page

\gdet \fpage{T}} .
\resetZpagelgt

\def \howwide{\sstcount8\xcol \setcount3 0 \sowide}
\def \sowide{\advcount8 by -1

\advcount3 by \xcolwd for each column, add column width

\ifpos8{\advcountd by \intercol add intercol for all but last column
\sowide} keep going, up to number of columns

\else{\xdef\thiswide{\count3 pt}}} . in current “page”

\def \resetpagewd{
\xdef \colwd{\xcolwd pt} column measure
\hsize \colwd
\xdef \xcol{\colmax}
\howwide
\xdef \pagewd{\thiswide}
\xdef \xcol{1}}
\resetpagewd

Running heads and folios are pieced together from input segments for use in the output routine:
\def \runner{\hbox to \pagewd{\rhfont
\spose{\hbox to \pagewd
{\ifeven9{\h1il\lefteidrunner\htil}
\else{\hf1il\rightaidrunner\h#il}})\!
\ifeven9{\unskip\outrunner\hfill\null\inrunner\unskip}
\else{\unskip\inrunner\hfill\null\outrunner\unskip}})}

\def \runhead{\vbox to \rheadlgt{\vss
\if \xcol\colmax{
\if T\fpage{\if F\tirstrunner{}
\else{\runner}}
\else{\runner}}
\else(}
\vskip\runskiplgt}}

\dez \runfoot{\vbox to \rfootlgt{\vss
\if \xcol\colmax{\folio)}
\else{}}} .

A couple more utility definitions for special circumstances:
\def \ruler{\if T\xzrule{\hbox to \intercol pt{\hfil\vrule\null
\vbox to size{\hbox to Opt{}\vfil}\hfil})
\else(}}

\def \markit{} to permit tricky code of the sort used to
insert continuation entries at top of next column
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At last! The actual output routine!

\def \midpage{\hbox to \trimwd{\hfil
\vbox to \trimligt{\basezero

\topregister
\iZ T\headmarginsw{\vskip\headmarginlgt}
\elge{\vZill}
\markit\par
\vbox to \pagelgt{\basezero
\runhead
\1if T\Zpage{\tirsthead}
\else{(}
\gdetf\lastterm{\botmark}
_\howwide calculate width of current “page”
\vbox to size{\hbox to \thiswide{\hfil
\it 1\xcol{(}
\else{\ruler\!
\if A\isamstex{\pagel}
\else{\page}}}
\if T\tpage{\firstfoot}
\else{} .
\runfoot }
\vfill
\botregister}\ntil} ' :
\advcount0 } number each output segment uniquely

\def \xzcolstart{\if \xzcol\colmax{\output{\outa}}
\else{\output{\outb}} }

\def \xcolend{\if \xcol\colmax{\advcount$ \xdef\curpage{\count9)
\veize\xcollgt pt
\gdef\xcol{1}

\gdef\fpage{F}}
\else{\advxcount\xcol} }

\output{\outa}

\def \outa{\xcolstart
\xdet\topterm{\2irstaark}
\midpage
\xcolend}

\def \outb{\xcolstart
\midpage
\xcolend}

And finally, various macros to fill out incomplete columns, terminate sections neatly, and finish up a job,
reporting to the user where it ended. In \newcol, intended to permit manual balancing of the last page of &
section, the penalty is necessary to overcome possible large negative penalties at other points in the column,
especially when the column is broken very close to maximum length.

\def \newcol{\par\penalty -900\vfil\eject}

\def \nullcol{\hbox to \colwd{\nulll\eject} empty column to fill page
\def \blankit{
\if T\fpass{\xdef\fpass{F}\vfill\reportlastcol\eject\blankit)
\else{\if 1\xcol{}
\else{\nullcol\blankit}}}
\de? \endsection{\gdef\fpass{T}\blankit}

\def \endjobmsg{} allow special messages, sending starting page for
next section, etc.

\def \reportlastcol{\send0{data ends on page \curpage, column \xcol}\endjobmsg)



