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Introduction

nro andtro are text processors under tbslIX Time Shaing System! that brmat text for typariter like ter
minals and for a typesetter/raster devices, resmdgtiihey accept lines of text interspersed with lirefsformat
control inbrmation and drmat the text into a printable, paginated document having a user desigtednso
andtro o er unusual freedom irdocument tyling, including: arbitray syle headers and footers; arbitratyls
footnotes; multiple automatic sequence numbering for paragraphs, sections, etc; multipleczgpurtindynamic
font and point size control; arbitrathorizontal and ertical local motions at any point; and anfily of automatic
overstiking, bradket congruction, and line drawing functions.

tro produces its output in a device independanminf although parameterizedrfa speci c deice; tro output
mug be processed by aider for that device to produce printed output.

nro andtro are highly compatible with each othend it is almost alays possible to prepare input acceptable
to both. Conditionalinput is provided that enables the uselembed inputx@ressy destined for either progm.

nro can prepare output diregtfor a \ariety of terminal types and is capable of utilizing the full resolution of
ead teminal.

On the Heirloom Documentation Tools Edition

In Summer 2005, Sun Microsgms, Inc. released the source code to the Solasgtersy including the
SystemV Release4 version oftro, a deivative of AT&T Documentes Workbend tro, version 2. It had
undegone &w changs since theend of the 1980's, so it could seras a cleantating point for a new ersion
of tro which is intended tdbe highly compatible withuNIX tro, but which also provides additionadtures
desirable for a high quality typesetting application at the beginning of the 21stycentur

As with the other components of th&eirloom Pject, the oiginal code, once it had been released under an
Open Source license, has been made portable such toampiles and runs on the contempgraNIX style sys
tems, including Linux. It continues to be freelyailable under the same license amioally released, including

its complete source code.

PostScipt and its close relate/PDF are now the only device languages which arevagieto high quality pint
ing; actualy, PostScipt itself is more andnore becoming an intermediate language for the generatiGDmf
documents. TheHeirloom version oftro is thus pimarily directed twards generating d3tScipt output br
further processing by BDF creator such as Ghasclipt or Adobe Distiller; it can gneratePDFspeci ¢ instruc
tions for prepress usage as well as for onlinegagéion in PDF documents.

The principal output device independencerof has ngertheless been retainednd tangs to the intenediate
languag@ hare been minor Mary tro pod processors will thus continue to be usable with no or little adaptions.

PostScipt Type 1, Opeflype, and TueType hae become device independent footnfiats; vitually all commer

cial and free fonts arevailable in one ofthem. Thereis thus no need for &0 specic device independent
font format anymore; intead,Heirloom to can read font metrics diregtfrom Type 1, Opefype, and TueType

font les. This has geatly relieved the task of installing fonts it su ces to copy the dginal les to a user

selectable font directory , and makes it possible to access advanced riyploig data, such a®iking tables or
subgitution indructions for old $yle numerals.

tro provides comenient access to any character iroatfle either by its RstScipt name, by its Unicode posi
tion as specied in a font speci c or geneic table, or by coversion fromPOSIXstyle locale specic darac
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ters to Unicode positionsThe last brm allows direct input of international languagettein almost any ltarac
ter encoding, includingyTF 8.

Improvements to the line adjisg mechanism can be activated tdiaee more adbetically pleasant output:
tro can compute line breaks for a whole paragraph at once, usiagaat\wof an algathm orginally developed
by Donald Knuth and Michael Plass for tAgX system’. Inteword spaces cabe shrunk as an alteative
to being &panded. Inteletter spaces and letter shapes can be dynamicatigdvboth for computing break
points and for adjusting output lines; this is sometimes callaitro typogaphy"”, cf. e.g. the thesis by H Th»
Th nh 8. All paragraphdrmatting options can be arbitiigr combined.

A variety of international papewnfmats and hyphenation langesgare supportedytiro. The algorithm for the
latter is deived from the respective onevadoped 6r TEX by Franklin Liang® tro uses the implementation of
LibHnj by Raph Leien. TEX hyphenation patterns can be werted to the drmat acceptedybtro .

Mary internal limitations oftro hawe been remed; most notaly| tro can nev set characters in fractional
point sizes.

Thetro languag@ has been extended simijaas in theGNU version oftro, gro 10 for example, names of
requess, macros, tsings, number registers, and fonts can consist of rtftae two baracters. AlthouglHeir
loom to is not completely compatible witgro, a special compatibilitynode is provided, and documents
prepareddr gro can usually be processed without alteration.

As even the most basic printing devices are now capable t#frirap PostScipt documents (at least using @en

sion tools), and asdBtScipt and PDF viewer progams allow an accurate on screen displaytrof documents,
there is only onearea wherenro is still useful: the formatting of UNIX manual pags. TheHeirloom version
of nro is thus speci cally aimed at this task; it remains a separate program, is much smalleo thamd is
optionally able to run without>demal device desqgstion les. This makes it possible to useto view manual
pages @en on small sgem digributions where the size of programs is an issue.

The Solaris version afiro had already been updated to support input characters in arbitrary loGhlesieir
loom version adds the ability toegerateUTF 8 output. This extends thewro character setyomany mathemati
cal and typographical characters on terminals capable of displaying them.

Although Heirloom nio does of course not provide tgpographical extensions madar tro, it includes the
same languagextensions. lItis thus well able to cope witthe tangle of manual page code which has been pro
duced by application writers who Ve unbrtunatey become increasingly uware of how towrite well styled

nro documents.

This manual as well as some of thee and post processor commandvehdeen deved from UNIX code re
leased by Caldetd, and from materials released by Lucent as parts oPldie 9 systend2.

Background to the Second Edition

tro was oiginally written by the late Joe Ossanna in about 197&ssembly language for twDP11, to dive
the Graphic Sstems Q\T typesetter It was revritten in C around 1975, and undeent slow but steadyvelu
tion until Ossanria death late in 1977.

In 1979, Brian Kemighan modi edtro so that it would produce output for anety of typesetterswhile retain
ing its input specications. Over the decade from 1979 to 1989, the im&s hae been moddly revised,
though much of the code remains as it was when Ossanna wrote it.

tro reads parameter les each timeistinvoked, to set values for machine resolution, legal type sizesoautsl f
and character names, character widths and tle lilo output iSASCII characters in a simple&anguage that
descibes where each charactertis be placed and in what size amehtf A post processor must be writtear f
ead device to covert this typesetter independent language into speci trutsions for that déce.

The output language contains drhation that was not readily identi able in the older outpubh the naver
languag, the beginningf each page, line, and word is marked, so post processors can do device speci ¢ optimi
zations such as sorting the dagtically or printing it bousophedonicallyindependent ofro .

Capabilities for gaphics hee been added:tro recognizes commands for drawing diagonal lines, circles,
ellipses, circular arcs, and quadratic B splinéhereare also wys to pass arbitrgrinformation to the output,
unprocessed\btro .
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A number of limitations ha been eased or eliminated document may h& an arbitrary nhumber dbnts on

ary page (ifthe output device permits it, of coursejonts may be accessed merely by naming them; “mount
ing" is no longer necessyr Thereare no limits on the number characters. Character heighand slant may

be set independently of width.

The remainder of this document contains a description of usagecanthand line options; a summary of
requess, escape sequences, and pre de ned numbernteegjia reference manual; tutal examples and a list of
commonly awailable daracters.

Acknowledgements (for the Second Edition, by Brian krnighan)

Joe Ossanfmtro remains a remarkable accomplishmeor more than twenty years, it has ygn a robus
tool, taking unbelieable abuse from aaviety of preprocessors artking forced into uses that werevee con
ceived of in the original design, all with considerable grace under

Recent versions ofro haw proted from signi cant code impreements by Jaap Akkerhuis, Dennis Ri&;
Ken Thompson, and Molly ¥gner Andrev Hume, Doug Mcllrg, Peter Nlson, and Ravi Sethi madalvable
suggetdons on the manuall fear that the remaining bugs are raylf.

Acknowledgements (for the Heirloom Edition, by Gunnar Ritter)

The tro progam as written by Joseph Ossanna and Brieamihan turned out to be amxcellent base for a
typesetting sstem containing appximately twice as many lines of codeAs with the second edition, the design
and the principal parts dfo haw remained the same, despite of additions and modi catidiss is paticu
larly remarkable since much of it is now more than 30 years old, bugssiégs purpose as well as on day one.

| am grateful to Sun, Caldera, and Lucent for releasingsthece code without which this project would not
hawe been possible.

| wish to thank Brian Kmighan for the permission to adapt this manual.
Availability and Contact Information

The source code of thHeirloom Documentation dbls and accompanying materials are freelitable from
<http://heirloom.sourceforgnet/doctools.html>. Commentnd bug reports should be sent to Gunnar Ritter
<gunnarr@acm.org>.
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Usage
The generaldrm of invoking nro (or tro ) at UNIX command leel is
nro options les (or tro options leg

whereoptionsrepresents any of a number of option arguments lasdrepresents the list of les containing the
document to beofmatted. Anargument consisting of a single minug {s taken to be de name corespond
ing to the standard jput. If no le names are given input is taken from the standapdtin Theoptions, whibt
may appear in any order so long as they appear before the les, are:

Option E ect

o list Print only pages whose page numbers appedist, which consists of comma separated
numbers and number raegy A number range has therin NM and means pag N
throughM; a initial N means fromthe beginning to pagN; and anal N means from

N to the end.
n N Number rst generated pag\.
sN Stop every N pages. nro will halt prior to every N pages (dehult N1) to allow paper

loading or changing, and willesume upon receipt of awlee. tro will include a
““pausé code every N pages; its meaning, if 3n depends on the outputuiee.

m name Prepend the macrde /usr/ucblib/doctools/tmachameto the input les, or, if that le
would not be accessibléyusr/ucblib/doctools/tmac/tmacname If the environment ari
able TROFFMACS is set, its value is used instead of the default macro directong,s
and no attempt is made tpennamewith the “tmac." pre x. The value is prepended
to namewithout inserting an additional slash as a directory sepamsidt must either end
with a slash itself or can be used to specify a le name pre x (as e.g. "mac.

r aN Registera (one daracter) is set tbl.
r a=N Registera (may be more than one character) is selto
daS String a (one dharacter) is set t8.

da=S String a (may be more than one character) is segto
i Read standard input after thepirt les are echausted.

Invoke the simultaneous input output mode of therequest.

XN Set the extensionvel toN (cf. 1.1).
z Chek syntax ony; do not generate any outpucept for error messag.
nro Only

Produce egally spaced words in adjusted lines, using full terminal resolution.

Use output tabs during hmontal spacing to speed output and reduce outhatacter
count. b settings are assumed to beng 8 nominal character widths.

T name  Specify the name of the output terminal typ€umently de ned names ar87 for the
(default) Model 37 €letype , Ip for any line printer or terminal without half lineapabil
ity, tn300 for the GE €&rmiNet 300,300S for the DASI 300S, 300 for the DASI 300, and
450 for the DASI 450 (Diablo Hytem). A special nameslocale is also suppaed. It
generatedJTF 8 output if pemitted by the cuent LC_CTYPE locale, and has the same
e ect aslp otherwise.
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tro Only
f Refrain from feeding out paper and stopping the output device at the end ahthe r
a Send a gntable (ASCIl) appraximation of the results to the standard output.

F path Look in directoy pathfor font information; the default isusr/ucblib/doctools/font/devps

T name  Species the output déce. Curently de ned names ares for (defwult) PostScipt output
at 72000 dpipsmedfor PostScipt output at 3600 dpipslow for PostScipt output at432
dpi, andpost for PostScipt output at 720 dpi with legacrits.

uN Set the emboldening amount, ithe number of times a character is printed to simulate
bold output, toN.

Ead option is inoked as a separate argument; fearaple,
nro o 4810 T300S mabc lel le2

requess formatting of pages 4, 8, 9, and 10 oflacument contained in the les namddl and le2, speci es
the output terminal as BASI 300S, and isokes the macro p&ageabc

Various pre and post processors akaikable for use witmro andtro. These include the equation preproces
sorsnegnand eqr? (for nro andtro respectivel), the table cortsuction preprocessabl3, and pic and grap
for various brms of gaphics. Areverse line pofprocessorcol is available for multiple columnnro output on
terminals without reerse line ability col expects the Model 37 Teletype escape sequencesithaiproduces
default. col can optionally also Iter the backspace sequenceshwhio emits for unddining and emboldening
in order to produce a plainxte le. Another option is theul pogprocessor which caerts backspace sagnces
to underline and rerse video escape sequena@sCiRT terminals.

The dpost podprocessor has apecial role as it translatds intermediate output to d&tScipt, which is
currently the only relgant taget device drmat.

For exkample, in
tbl les egn tro options dpost >output.ps

the rst indicates the piping otbl's output toegn'sinput; the second the piping efjn's output totro 's input;
and the third indicates the piping wd 's output todpost,which then writes BstScipt code tooutput.ps

The Dbllowing options are cuently supported withdpost:

Option E ect
e encoding Set the BstScipt encoding deeme. Bssible values oéncodingare:

0 using the BstScriptashow operatoy with the same representatias previous er
sions ofdpost

usingashow integrating motion commands with text commands

using the BstScriptawidthshow operator computing space widths iro&Script
using awidthshow, computing space widths ofpost

usingashow goring text positions as di erences

like 4 but using a binary &stScipt Level 2 representation

ab~hwNRE

The default is déce specic. 3 is the default with the high resolutiops device; it
usualy produces the most e cient ¢3tScipt output and leads to the most compact
PDF documents. Wh lowerresolution deices, 2 is preered oer 3 since the latter
may produce incorrect alignment because of accumulated roundiags.ef, 1, or 4
may be preferable if the text font contains mamyniing pairssince2 or 3 can result in
less e cient or less compact output under these cirdamses.

M marks Print marks (in combination withhe trimat tro reque$). Valid types ofmarksare:
cutmarks, registrationmarks, startargets, colorbars, andall. Mark names can be
abbreviated and combinetly colons, e.g.Mcut:reg will print cut marks and redisa
tion marks.



nro /tro User's Manual Heirloom Documentation Tools
September 17, 2007

Request Summary

In the bllowing table,the notatior® N in the Reques Form column means that therfnsN, N, or N are per
mitted, to set the parameter i increment itby N, or decrement ityoN, respectiely. PlainN means that the
value is used to set the paramettnitial Valuesseparatedyb; are br nro andtro respectively In the Notes
column,

B Reques nomally causes a breakThe use of as controlcharacter
(instead of.) suppressethe break function.

D Mode or relgant parameters associated with curreneidivon level.

E Releant parameters are a part of the curremirenment.

0] Mug day in e ect until logical output.

P Mode must be still or again in e ect at the time ofypical output.

T tro only; no e ect innro .

v,p,mu  Default scale indicator; if not speci ed, scale indicators igreored

Request Initial If No
Form Value Argument  Notes Explanation

1. General Explanation

.do name ignored Executenamein extension leel 3.
xflag N 1 ignored Set the extensionVel pemanent to N.

2. Font and Character Size Contol

c_ctype name ignored Set theLC_CTYPEIlocale.

.pscN 10 point previous E,b Point size; alsoscN.

fzoomFz 1 ignored P,T  Zoom bntF by factorZ.

.SsN [M] 12/36 m ignored ET Spacéharacter size set t8/36em; sentence spad#/36em.
.CSFNM o] PT Constant character space (width) modenffF ).

.bd F N o] PT Embolden ént F by N 1 units.

bdSFN o PT Embolden Special Font when current fonfis

ftF Roman previous E Chaego bntF x, xx, or 1 4. Also fx, f(xx, fN.

fp N F[ le [supply] ignored P font position; mounts theofit le.

fpsmap ... ignored PT Mount a font with a special character map.

feature F cname ... ignored PT Control Opefliype fatures.

fallback F AB ... ignored PT Select thedllbadk sequence foroht F.

.hidecharF cd ... ignored PT Hide the baracters, d, etc. from font F
.SpacewidthN on O, T If N°O, use the space width from the font nietr le.
fspacewidth F [N] ignored O,T  Set the width of the space characterantf to N.

3. Page Control

.plcN 11i 11i \ Pag length.

.papersizemedia ignored Ty Set the paper size.

.mediasizemedia ignored Ty Set the device media size.

.cropatL TWH ignored Tp Set the “"CropBox" page parametar PDF generation.
drimat LTWH ignored Tp Set the “"TimBox" page parameterdr PDF generation.
.bleedatL T W H ignored Tp Set the “"BleedBox" page parameter PDF generation.
.bp cN N 1 B,v Eject current page; next page number

.pn cN N 1 ignored Next page numbeN.

.pocN 0;1i previous \ Pag o set.

.neN N 1v Dv NeedN vertical spaceV v ertical spacing).

.mk R none internal D Mark current ertical place in regier R

.t cN none internal Dy Return(upwad only)to marked etrtical place.
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Request Initial If No
Form Value Argument  Notes Explanation

4. Text Filling, Adjusting, and Centering

br B Break.

.brp B Break and spread.

fi I B,E F ill output lines.

.nf I B,E No lling or adjusting of output lines.

.adc adj,both adjust E Adjusoutput lines with mode; c |,r,c,b,p, none
.na adjust E No output line adjuing.

.padj N o] on Control paragraph at once adjustment glojpall
.ceN o] N 1 B,E Center bllowing N input text lines.

1 N o] N 1 B,E Right align fllowing N input text lines.

.brnl N o] N~ B,E Break at end of n&t N input text lines.

.brpnl N o] N - B,E Break and spread at end ofxhé&l input text lines.
.minssN o] 0 ET Minimum word space when adjusting lines.
Jdetadj X US YV o] ET Dynamic letter spacing and reshaping when adjusting lines.
.sentcharc... .?!: o] E Sentence endingharacters.

.transchar c.. ")]* o] E T ransparent characters for sentence ending.
frack FSNTM ignored PTp  Satic letter space tramg.

.kern N 1 1 PT Control pairwise krning.

fkern FN 1 1 PT Control the use oféming tables fromdnt F.
.kernpair F c... G d... N ignored PT De ne a keming pair

kernafter Fc... Nd... M ... PT Add a constant amount of space afteharacter.
.kernbefore F c... Nd... M ... PT Add a constant amount of space befordaracter.
Jhang F c... Nd... M ... ignored T Hanging characters at left nggam.

shang F c... Nd... M ... ignored T Hanging characters at right ngar.

5. Vertical Spacing

ZvsN 1/6in;12pts  previous B, Vertical base line spacing/J.

s N N1 previous E OutpuN 1 Vs after each text output line.

.SpN N 1V B,v Space ertical diganceN in either diection

.SVN N 1V \Y Sawe \ertical diganceN.

.0S Output ssed \ettical digance.

.ns space D Tun no space mode on.

Is D Res tore spacing; turn no space mode o .

6. Line Length and Indenting

l'cN 6.5i previous En Line length.

.in cN N O previous B,Bn Indent.

i cN ignored B,Em Temporay indent.

.pshapeclil cLlcl2 cL2...0 E,m De ne the shape of the current paragraptaihp mode.
7. Macros, Strings, Diversion, and Position iaps

.de xx yy Yy=.. De ne or rede ne macraxx; end at call ofyy.

.am xx yy Yy=.. Append to a macro.

.ds xx string ignored De ne a gring xx containingstring.

.asxx string ignored Append string to gring xx.

Ids xx string ignored De ne local gring xx containingstring.

.substring xx N [M] M 1 R eplace 8ing xx by its sub&ing betweenN and M.
Jength R string Rset to 0 Sore the length oftring in regiger R.

.index R xx string ignored Sore position wheratring occurs inxx in regiger R.
.chop xx ignored Remove the last character ak.

.rm xx ignored Remove reaqied, macro, or ging.

.mn xx yy ignored R ename reged, macro, or ging xx to yy.
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Request Initial If No
Form Value Argument
.di xx end
.da xx end
.box xx end
.boxa xx end
.unformat xx ignored
.asciify xx ignored
.wh N xx

.chxx N

.dwh N xx

.dchxx N

.dt N xx o]

.vpt N 1 ignored
it N xx o]

.tc N xx o]
.return

.shift N 1
.alsyy xx

.blm xx none none
.em xx none none
.recursionlimit N M

8. Number Registers

.nr RcN M

.nrf RcF G

nr RcN M

Inrf RcF G

afRc arabic

ar R

N RS

anSR

9. Tabs, Leaders, and Fields
da Nt ... 0.8n; 0.5i none
fcc none none
dcc none
fcab o] 0

Notes

OO0O0O0o

<<

ol vlv)
< < <

mm

Cc CccCcCc

En

E
E

Heirloom Documentation Tools

Explanation

Divert output to macrox
Divert and append tax.
Divert output to macrox, excluding a patally lled line.
Divert and append tax, excluding a patially lled line.
Strip line break inbrmation from diersionxx
All characters in digrsionxx changd to plain tgt.
Set location trap; negive is wr.t. page bottom.
Chang trap location.
Set location trap in current dixsion.
Chang trap location in current divsion.
Set a diversion trap.
Enable or disableettical position traps.
Set an input line count trap.
In put line count trap ignang c.
Retur n from the current macro.
Shift the arguments to the current macro.
yy is created as an aliasrixx
Blank line macro isxx
End macro isx.
Set the maximumtad depth.

De ne and set number redés R; auto increment ¥ M.
De ne and set oating point regier R; auto increment y G.
De ne and set local number retgs R.
De ne and set local oating point regier R.
Assign brmat to regiter R (c=1, i, I, a, A).
Remov e regiser R.
R ename regierRto S
Register Sis created as an aliasriR.

Tab settingsleft type, unlesg=R(right), C(centered).
ab repetition kbaracter.
Leader repetition ltaracter.
Set eld delimiter a and pad baracterb.

10. Input and Output Conventions and Character Tanslations

.ecc

.e0 on

.ecs

.ecr

dg N ;on on

flig F string c ... ignored
.fdeferlig F string ... ignored
.ul' N o] N 1
.CcuN o] N 1
uf F Italic Italic
.ccc

.c2¢c

.tr abcd.... none

.trin abcd.... none

Set escapeharacter.
Tur n 0 escape character mieanism.
Sav e escapelaracter.
Res tore saed escapeharacter.
Ligature mode on iN>0.
De ne the ligatures indnt F.
Deér ligature building for therst character oftring.
Undeline (italicize intro ) N input lines.
Continuous underline inro ; like ul in tro .
Underline font set toF (to be switched toybul).
Set control character
Set nobreak control characterdo
Translatea to b, etc. on output.
Translate but retranslate widtsciify.
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Request Initial If No

Form Value Argument  Notes Explanation

.trnt abcd.... none 0] Translate but not on transparent lines.

ftr F abcd...none PT Font speci ctr.

.char c string ignored De ne characterc to string.

.fchar ¢ string ignored T De ne fallbak for characterc to string.
.rchar c... ignored Remowe character de nitionsaf c...

.output string ignored Write string directly to intermediate output.

11. Local Horizontal and Vertical Motions, and the Width Function
12. Owerstrike, Bradet, Line drawing, Graphics, and Zero width Functions

13. Hyphenation.

.nh hyphenate E N hyphenation.
.hy N hyphenate  hyphenate E Hyphendte= mode.
.hylang nameo 0 E Set the hyphenation languag
.shcc E Set the soft hyphenatiorharacter.
.hcodeabcd... E Hyphenation code dd is b, etc.
.hylen N 5 5 E Hyphenate only words of at l@ds characters in length.
.him N 0 o] E Maximum number of consecutive hyphenated lines.
hyppNMLOOO 000 E De ne hyphenation penaltie®ifad p mode.
.breakchar c. 0 E Optional line break ltaracters.
.nhychar c... 0 E Hyphenation inhibiting baracters.
.hcc % % E Hyphenation indicator laracterc.
.hw word ... ignored A dd words to hyphenation dictionar
14. Three Part Titles.
Al left center right Three part title; delimiter may be ankaracter.
.pcc % o] Pag e number baracter.
t cN 6.5in previous En Length of title.
15. Output Line Numbering.
..mcNMS I o] E N umber mode on or o, set parameters.
.nn N N 1 E Do not number né N lines.
16. Conditional Acceptance of Irput
.if ¢ anything If condition c true, accepanythingas irput,
for multi line use {anything }.
.if 'c anything If condition c false, accepanything
.if N anything u If expressionN > 0, accepanything
if IN anything u If expressionN | O [sic], acceptanything
if fF anything u If oating point expressionF > 0, acceptnything
if If F anything u If oating point expressionF | 0 [sic], acceptanything
Jif stringl string2 anything If stringlidentical tostring2, acceptanything
{if I stringl string2 anything If stringl not identical tostring2, acceptanything
.ie ¢ anything u If portion of if else; all abwe forms (like if).
.el anything Else portion of if else.
.while ¢ anything Execute anythingwhile c (like if) is true.
.break n 1 Break out ofn nestedwhile loops.
.continue n 1 Continue at then th neged while loop.
17. Ervironment Switcing.
.ev name name0 previous Ervironment switchedpush davn).
.evchame Cop y ervironmentnameto the current ernronment.
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Initial
Value

Request
Form

Heirloom Documentation Tools

If No

Argument  Notes Explanation

18. Insertionsfrom the Standard Input

.rd prompt
.ex

R ead insetion.
Exit from nro /tro .

prompt=BEL

19. Input/Output File Switching

.S0 lename
.psostring

.nx lename

.Sy string

.pi string

.cf lename
.openstream lename
.openastream lename
.write stream text
.writec stream text
.writem stream xx
.closestream

20. Miscellaneous

.mccN

pfx string o

.tm string

.tmc string

.nop remainder of line
.ab string

igyy

fFNf

pm t

fl

Switc h sourcele (push davn).
Execute string and read its output.

21. Output and Error Messages, Debugging

.warn chits name
.Spreadwarn N
.errprint string
watchxx o
.unwatch xx o
.watchlength N
.watchnR o
.unwatchn R o

22. Color Support
.CL color text
23. Picture Inclusion

.psbb lename

end of le Next le.
Ex ecute progam string. Output not intgpolated.
Pipe output to pragm string.
Copy le contents totro output.
ignored Open lename as stream truncating.
ignored Open lename as stream appending.
ignored Write textto le stream
ignored Write text without terminating neline.
ignored Write contents oftsing, macro, or digrsionxx.
Close thele stream
0 E, m Set margin baracterc and separatiof.
0 E Set line pre x tostring.
newline Print string on terminal (standard ).
newline Print string without nevline on teminal.
Use remainder of lineas irput.
newline Print string on standard eor, exit progam.
Yy=.. Ignore till call ofyy.
Set input line number tbl and lename tof.
all Pr int macro names and sizes;
if t present, print only total of sizes.
B Flush output bur.
w Control waming messags.
toggle m Spread limit varning.
newline Print string like an error messag
ignore N otify on dhang of dring or macroxx.
ignore Disable noti cation for #ring or macroxx.
ignore On dang, report contents up to length
ignore N otify on dhang of regiser R
ignore Disable noti cation for regiter R.
RGB black Print textin color.*

R ead the BstScipt bounding box fromlename.

.BP source height width position o set ags labdbe ne a frame and place a picture in it.*

EP

.PI source heighwidth,yo set,xo set ags

End a picturetarted ly .BP.*
Low level picture inclusion.*

10
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Request Initial If No

Form Value Argument  Notes Explanation
24. SpecialFeatures br PDF Documents

25. gro Compatibility

.CcpN o] Enable gro compatibility mode.
.msoname ignored Include the macro paagename*

26. Output Language

27. Device and Font Description Files

De ned as a macro in arxeemal pa&age; refer to the detailed description on how to include it.

11



nro /tro User's Manual Heirloom Documentation Tools
September 17, 2007

Alphabetical Request and Section Number Cross &erence

bleedat. .
[o] 101 IS,

fdeferlig...........
feature................. 2

writec ....
writem......

12
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Escape Sequences for Characters, Indicators, and Functions

Section
Reference

10.1
2.1
2.1
2.1

12.4
7
4.1
4.1

111

111

111
4.1
4.1

10.6

10.8

10.8
7.3
7.3
7.3
7.3

13
2.1
2.1
7.1
7.1

13

10.2

17
9.1

24.6

12.3
1.4
4.2
2.1

111

125

10.1

10.1
2.2

111
2.3
4.1
4.1

11.3

12.4

12.4

121

Escape
Sequence

&space)

—— g >

#
$n, $(nn, $[nnnl
$

$@

$0

%

(xx

[xxq

X, (X% [XxA
[xxx arg..]

@{ @)
a

A string
b abc...
B string
c

C xxx

d

Dc..

e

E

X, f(xx, f]xx¥q, fN

gx, g(xx g[xx¥
h N

HN

j ctN

JcN

kx, K(xx, K[ xxx
I Nc

L Nc

nx, N(xx, N[xxq
N N

oabc...

Meaning

(to prevent or delay the interpretation of

(acute accent); edyalent to (aa

(grawe accent); agjvalent to (ga

Minus sign in thecurrent font
$ (underule character); agvalent to (ul
Peiiod (dot) (seele)

Upaddable space size spadwaacter
Paddable no break spackaracter
Digit width space
1/6em narow space character (zero widthnmo )
1/12em half narow space character (zero widthnro )
Non printing, zero width baracter
Transparent non printing zero widtinaracter
Transparent line indicator
Beginning of comment
Comment including neline
Interpolate agumentn, nn, or nnn
Interpolate all arguments separated by spaces
Interpolate all arguments in doublei@es
Interpolate name of current macro drirsg
Default optional hyphenationharacter
Character namexx
Character namesgxx
Interpolate &ing X, XX, Or XXX
Interpolate &ing xxxwith agumentsarg ...
Optional line break lsaracter
Ligature suppressor
Inline environment push/pop
Non intempreted leaderharacter
Anchor de nition
Braclket building function
Ted if string is a numerical x@ression
Interrupt text processing
Character namesgxx
Forward (down) 1/2 emertical motion (1/2 line imro )
Draw graphics functiorc with parameters ..¢ 1,c,e,a, W
Printable version of theurrent escape learacter
Escape lkaracter not interpreted ircopy mode
Chang to font named, xx, or xxx or positionN
Format of number regisr x, xx, or xxx
Local horizontal motion; me right N (negtive let)
Height of current font i\
Penalty for breaking a line after the current wordNis
Default line breaking penalty i
Mark hoiizontal input place in regier X, XX or XXx
Horizontal line drawing function (optionally with)
Vertical line drawing function (optionally witl)
Interpolate number redisr X, XX, Or XXX
Character numbeX on current ént
Overstrile haractersa, b, c, ...

13
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4.1
7.5
111
8
2.3

2.2
9.1
24.6
111
2.1
111
20
11.2
5.2
10.7
10.7
12.2
12.2
16
16
10.7

p

Px, P(xx, P[xx¥
r

RRcN

SN, scN,
scN,sc N,
s[cN], sc[N]
SN

t

T string

u

UX

v N

VX, V(X% V[xx{
w string

X N

X string

Y X, Y(xx% Y[XxX
zc

Z string

{
}

(newline)
c

The escape segnces , .,

(7.2).

1#! $1

Heirloom Documentation Tools

Break and spread output line

Output line trapx, Xx, Or XxXx

Rewerse 1 em ertical motion (reerse line innro )
Set number regisr R to cN

Roint size dang function

Slant outputN degrees

Non intempreted horizontal tab

Link de nition

Rewerse (up) 1/2 emaertical motion (1/2 line imro )
Character at Unicode position ¥

Local wertical motion; mee davn N (negtive up)
Environment \ariablex, xx, or xxx

Interpolate width ofstring

Extra line space functiofnegatie bebre, positive gér)
Outputstring as device control function

Output contents of macrqg xx, or xxx as device control function
Print ¢ with zero width (without spacing)

Print string with zero width and height

Begin conditional iput

End conditional iput

Concealed (ignored) ndine

¢, any daractemot listed abee

Prede ned General Number Registers

Section  Register
Reference Name Description
3 % Current page number
C. Number oflinesread from current jput le.
11.2 ct Character type (setyhwidth function).
7.4 dl Width (maximum) of last completed diksion.
7.4 dn Height (\ertical size) of last completed dixsion.
dw Current day of the week (1 7).
dy Current day of the month (1 31).
hours Hours portion of current local time (0 23).
11.3 hp Current horizontal place omput line.
15 In Output line number
minutes Minutes portion of current local time (0 59).
mo Current month (1 12).
4.1 nl Vertical position of last printed text base line.
11.2 rsb Visual depth of sing below base line (generatey Width function).
11.2 rst Visual height of sing abae base line (generated tidth function).
11.2 sb Depth of &ring below base line (generatey width function).
seconds Seconds portion of current local time (0 60).
11.2 st Height of ¢ring abwe base line (generateg tvidth function).
year Current year.
yr Current year minus 1900.
25.1 g Currentgro compatibility mode (0 0).

14

,a € g, n,t, VvV, X, Y, and (newline)are interpreted itopy mode



nro /tro User's Manual Heirloom Documentation Tools
September 17, 2007

Prede ned Read Only Number Registers

Section  Register

Reference Name Description
19 $$ Process id ofiro or tro .
7.3 $ Number of argumentsvailable at the current macrovéd.
A Setto 1 intro, if a option used; alays 1 innro .
5.2 .a Pog line extra line space most recently utilized usizgN .
5.4 .ascender Ascender of current font and point size.
2.3 .b Emboldening leel.
13 .breakchar Cument optional line breakharacters.
4.1 .brnl Remaining number of lines with break atiee.
4.1 .brpnl Remaining number of lines with break and spread afine.
.c Number oflinesread from current jput le.
11.2 .cdp Visual depth below base line of previousaracter.
4.1 .ce Remaining number of lines to be centered.
11.2 .cht Visual height abee base line of previousharacter.
7.4 d Current \ertical place in current diversion; equalng if no diversion.
4.1 .defpenalty Default line breaking penalty
5.4 .descender Descender of current font and point size.
7.4 .dilev Curmrent diversion leel.
17 .ev Name of current environment [sic].
2.2 f Current font as pysical quadrant (1 255).
2.2 fp Next unused pysical font quadrant.
2.3 .fzoom Current font zoom factor (may be a decimal fraction).
20 F Current irput le name [sic].
4 .h Text base line high water mark on current page ordsion.
13 .hlc Current number of consecutive hyphenated lines.
13 .him Maximum number of consecutive hyphenated lines.
13 .hy Current typhenation ags.
13 .hylang Current hyphenation language [sic].
13 .hylen Current minimum hyphenation word length.
13 .hypp Penalty for hyphen irad p mode.
13 .hypp2 Penalty for consecutive hyphensad p mode.
13 .hypp3 Penalty for hyphenating the last word of a paragrapadip mode.
111 H Available horizontal resolution in basic units.
6 N Current indent as setyln.
6 in Current indent including temporary indent, ifyan
4.2 .int Non zero if the previous line was intepted with c.
4 J Currentad mode.
4.1 k Current output horizontal position.
4.2 ke Output horizontal length of interpted word, if an
6 A Current line length.
14 At Current title length.
2.1 c_ctype CurrentLC_CTYPElocale [sic].
4.1 Jletss Current dynamic letter space threshold.
20 pfx Current line pre x [sic].
4.1 shmin Current minimum dynamic letter shape (may be a decimal fraction).
4.1 Ishmax Current maximum dynamic letter shape (may be a decimal fraction).
4.1 spmin Current minimum dynamic letter space (may be a decimal fraction).
4.1 Ispmax Current maximum dynamic letter space (may be a decimal fraction).
5.1 L Currentls value.
4.1 .minss Current minimum space size.
4 .n Length of text portion on previous output line.

15
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5 .ns Non zero of no space mode is a&iv
13 .nhychar Current hyphenation inhibitingharacters.

3 .0 Current page o set.

3 p Current page length.

4 .padj Current paragraph at once global setting.

3 .pn Number of next pag

2.3 .ps Current point size in units.

2.3 .psr Lagd requeded point size in units.

4.1 .1 Remaining number of lines to beyt aligned.

2.3 .S Current point size (may be a decimal fraction).
13 .shc Current soft hyphenation character [sic].

4.1 .sentchar  Cument sentence ending characters [sic].

2.3 .Sr Lad requeded point size (may be a decimal fraction).
2 .SS Current space size.

2 .SSS Current sentence space size.

7.5 1 Distance to the next trap.

9.1 .tabs Curmrent tab stops such that they can be passed baak to
4.1 .tfranschar Cument characters transparent for sentence ending [sic].

T Setto 1 innro, if T option used; alays O intro .

4.1 .u Equal to 1 in Il mode and 0 in no Il mode.

5.1 AY; Current \ettical line spacing.

7.5 .vpt Vertical position traps enabled (1) or disabled (0).
111 Vv Available \ertical resolution in basic units.
11.2 W Width of previous haracter.
21 .warn Currenty activated \aming categades.

4.1 X Remaining horizontal space on current output line.*
11 X Curmrent extension el

6 y Current indent including temporary indent, ifyah

7.4 .z Name [sic] of current d&rsion.

The .x and .y regigers had been degsised as “‘reseed version dependent regfiss' in previous editions. Their semantics ha actualy
been as described from 7th Editizo on.
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REFERENCE MANUAL

1. General Explanation

1.1.Fom of input.Input consists ofext lines which are destined to beipted, interspersed withontrol lines
which set parameters or otlése control subsequent processingontrol lines begin with aontrol character
normally . (period) or (acute accent) followed by a name that speci es a bastquestor the substitution of a
user de nedmacroin place of the control line.The control daracter suppresses thiereak function the f orced
output of a patrally lled line caused by certain requeds. Thecontrol character may be separated from the
requegmacro name by white space (spaces and/or tabgsthetic reasonsNames must beoflowed by either
space or ngline. Controllines with unrecognized names are ignored.

Various special functions may betroduced anywhere in the input by means ofeacapecharacternomally .
For example, the functionnR causes the interpolation of the contents of nbenber egiser Rin place of the
function; hereR is either a single character name asnixy a left parenthesis introduced, tveharacter name as
in n(xx or a left braket introduced, multiple character name asnifxxx.

In traditionaltro, only one and two character names were permitted faresegmacro, &ing, number regisr,

and font namesHeidoom tro can accept names containing a (hgaarbitrary number oASCII characters. By
default, reqes and macro nameare still required to contain at most two characters for compatibility reasons.
The x command line option, thdo requeg or thexflag reques make the longer namesadlable. Thecumrent
extension leel is aailable in the.X register.

Four levels of extension\ailability are curently de ned:

0 disables all extensionsxeept for locale dependent input angp€& 1/OpenType/Trug/pe font selection using
fp. Sincethe do reques is not aailable at this lkeel, it is not possible tohang to another extensionvid
again. Itis most useful to print unmaintained documents for which any adaption would be too tedious.

1 enables extensionxaept for direct access to long names, i.&bcde will be interpreted as regstab with
argumentcde, and *[xyz] refers to the tsing named followed by thetext xyz]. Long names can be accessed
using thedo requeste.g..do de abcde.do if 1 *[xyz]. Thislevel is the dedult.

2 enables direct access to long names omeadines and escape sequences, i.abcdewill be interpreted as
macroabcde and *[xyz] refers to the tsing namedxyz. If an unde ned long name is read, itst two dhar
acters are interpreted as a shortuesjusing the remaining characters aguanent. Soif a macroabcde
is de ned, .abcde will execute it, but othavise, .abcde continues to xecuteab. Sring and number regisr
references are only interpreted if thagprsin the rst two characters of a name, i.e. ridrg interpretation is
performed on iput .ab *(xy.

3 ignores unde ned long regds even if they drm a pre x of a shar requeg, and interpretstsng and number
regider references in any position of a name.

It is recommended toxecute.do xflag 3at the beginning of metro progams that need not rely on aryist
ing code.

1.2. Formater and deviceesolution. tro internally stores and processeéémensions in units that correspond to
the particular device for which output is being prepared; values from 30@QQ@0/indh are typical. See 27.
nro internally uses 240 units/inch, aasponding to the least common multiple of the horizontal amtcal
resolutions of &rious typevriter like output deices. tro rounds horzontal/vetical numerical parameter input to
the actual harontal/vetical resolution of the output device indicatbg the T option (de&ult ps). nro simi
larly rounds numerical input to thactual resolution of the output device indicated by tfieoption (de&ult
Model 37 Eletype).
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1.3. Numerical paameer input. Both nro andtro accept numerical input with the appendszhle indicators
shavn in the bllowing table, whereS is the current type size in pointg,is the curent \ertical line spacing in
basic units, and is anominal daracer widt in basic units.

BIIISSEIISTTEISSSEISSTTEISSTII ST ST TS SSSPPPSTES

Scale Nimber of basic units

HoLEBESSSSSSPESBIUBSSS SIS TIEB S S S SSSPEISSSSSSSS TS

i Inch 72000 240

c Centimeter 72000-50/127 240-50/127

P Pica 1/6 inch 12000 240/6

m Em Spoints S C

n En Em/2 g2 C, same as Em

M 1/100 Em 9100 C/100

P,z Point 1/72 inch 1000 240/72

u,s Basic unit 1 1

t Printer’s point 72000-100/7227 240-100/7227

T Printer’s pica 72000-400/2409  240-400/2409

D Didot point 72000-24/1621 240-24/1621

C Cicero 72000-288/1621  240-288/1621

% Vertical line space V \%

R 2 BB S S A N A SRS

In nro, both the em and the en are takenlie equal to theC, which is output device dependent; common
values are 1/10 and 1/12 nc Actual character widthin nro need not be all the same and dointed dar
acters such as > () are often extra wide.The default scaling isn for the hoizontally oriented reqeds and
functions I, in, ti, ta, It, po, mc, spreadwarn, h, |, and horizontal coordinates dD; v for the \ertically
oriented regeds and functiongl, wh, ch, dt, sp, sv, ne, rt, v, X, L, and \ertical coordinates ofD; p for the
Vs, papersize mediasize trimat, bleedat andcropat requess; andu for the regestsnr, nrf, if, andie. All
other regeds ignoreany scale indicatorsWhen a number register containing an already appatgly scaled
number is interpolated to provide numerical input, the unit scale indicattsy need to be appended to yeat
an additional inappropriate default scalinghe numbey N, may be speci ed in decimal fractioroim but the
parameter naly stored is rounded to an integer number of basic unitepé br oating point computations
with nrf andif f. Exponentialnotation as in ‘@+9' or “1le 10' is suppoted.

The absolue positionindicator may be prepended to a numhlerto generate the distance to thestical or hor
izontal placeN. For \ertically oriented regeds and functions,N becomes the distance in basic uriitsm the
current \ertical place on the pa&gor in adiversion( 7.4) to the the ertical placeN. For all other regegs and
functions, N becomes the distance from the current horizontal place omgheline to the horizontal plachl.
For example,

Ssp 3.2c
will spacein the equired directionto 3.2 centimeters from the top of the pag

1.4. Numerical expessionsWherewer numerical iput is expected an expressiowdlving parentheses, theitar

metic operators, ,/, , % (mod), the logical operators, >, <=, >=, = (or ==), <> (hot eqal), & (and),

: (or), and the functiong<?b (minimum of a and b), a>?b (maximum ofa and b), and (c;e) (evaluate the
expressione using ¢ as default scale indicator, agnoring scaling indicators it is omitted) may be used.
Except where controlled by parenthesegluation of expressions is left to right; there is no operator precedence.
Spaces are ignored if they occur within parentheses; any other non numeric charatietdsrthe xpression.

In the case of certain reggs, an initial or is dripped and interpreted as an increment or decrement indica
tor respectiely. In the presence of default scaling, thesired scale indicator must be attachedverynumber

in an expression for which the desired andadifscaling di et For example, if the number reder x contains

2 and the current point size is 10, then

Al (4.251 nxP 3)/2u
will set the line length to 1/2 the sum of 4.25hHes 2 picas 30 points.
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The B'string' escape sequencéaks whetherstring is a valid numecal expression andveluates to ~1' if it
does and to 0" othevise.

1.5. Notation.Numeiical parameters are indicated in this manuaiwo ways. @\ means that the argument yna
take the brms N, N, or N and that the corresponding e ect is set the a ected parameter i to incre
ment it ty N, or to decrement itybN respectively Plain N means thagn initial algebraic sign isot an incre
ment indicator, bummerely the sign oN. General}, unreasonable numerical input is either ignored undated
to a reasonablealue. r example, most rageds expect to set parameters to nonateg values; xceptions are
sp, wh, ch, nr, andif. Therequestsps, ft, po, vs, Is, Il, in, andlt redore thepreviousparameter value in the
absenceof an agument.

Single character arguments are indicatgdsimgle laver case letters and one/two character arguments are indi
cated by a pair of lger case lettersCharacterdring arguments are indicated by multi character mnemonics.

Request Initial If No

Form Value Argument  Notes Explanation

.do name ignored Execute the rages or macronamein extension leel 3 and
regore the previous el aftewards.

xflag N 1 ignored Set the extensionVel pemanent to N.

2. Font and Character Size Contol

2.1.Charactr se¢. The basictro character set is de ned by a deiption le specic to each output déce
(27). There are nanally seseral regular fonts and one or more speaait§. Thebasic character set is st
in the attached able L All ASCII characters are included, with some on the Spemat.FWth three &cep
tions, theASCII characters arénput as themseés, and nomSCII characters are input in therm (xx wherexx
is a two character name given in the attachebl€ 1. ThethreeASCIlI exceptions are mapped aslléws:

SURRRRRRAR AR AAR AR
ASCII Input Piinted ty tro

SEHE RSB SSS S S DBPIBS S SSFEHRTILSE S S PEIBESSS$
acute accent ' close giote
grave accent ) open wiote

BESSSSSSSSPUBB TS ST S S SSTBRPETESSSSSSSS

The daracters, , and may be inputly , , and respectivel or by their names (Table Il)The characters
and can also be refred to as(rs and (dg, respectiely; this form allovs to completely woid their intepre
tation as argument delimiter or escapmracter In traditionaltro, , the ASCII characters@, #, , , , <, >, ,
{, }, ~ ~ and$ exiged only on the Special Font and were printed as a 1 em space if that Font was not mounted.
With the pslow device, these characters print in thamesfont by default regardless of the current font (beg
the fps reques belon). With other devices, these characters are taken from the cuvrent f

With Type 1, Opefiype, and TueType bnts,tro allows to access all namea$Scipt characters of the crant
font and of those in thiallback seqience in thedrms [namg or C name.

tro internally corverts nonASCIl characters of the crent LC_CTYPE locale to named d&tScipt characters
once they are read in regular (reapy) mode. If the current font is an Op&pe or aTrueType font and con
tains a custom Unicode mapping table, ihiut character is looked up in that tahlet. Othewise, a dedult

table is used.A character that is not present in the current font is searched usirfigllbtiaek sequence rst,
then in the specialofits. If the character cannot be found, it is discarde@haracterdor which no name is
known are replaced by spaces.

The N n escape sequence hastdially been wmailable torefer to daractern of the currentdnt. It is dill
accepted, but its use is discouraged wigherl, Opeiype, and TueType fonts sincghe arangement of barac
ter in font tables is p@rmed at run time and mayhang with future versions afo .

nro has an analogous, but di erent, mechanism for de ning legal characters and hoimttthem. By defult

all characters arealid. Thereare such additional characters as mayJadlable on theoutput device, suchhar
acters as may be able to be donged ly overstiking or other combination, and those that can reasonably be
mapped into other printableharacters. Thexact behavior idetermined by a driving table prepared forteac
device. InaUTF 8 locale, combining characters are processEge characters, , and$ print as themsees.
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Both nro andtro allow references to speci &Jnicode characters with the) X escape sequence; it causes the
character at position WX to be printed X is a hgadecimal number).For tro, it is required that thisharacter
is available in one of the fonts mounted at this poiAs an ekample, U 20AC prints the Euro ltaracter .

2.2.Fonts. tro begins gecution ly reading inbrmation for a set of defaults fonts, said torheunted;conven
tionally, the rst four are Times RomarR{, Times lItalic (), Times Bold(B), and Times Bold Italicgl), and
the last is a Special fon8) containing miscellaneousaracters. Thaet of fonts and positions tetermined ¥
the device desigtion le, described in 27.

The current font, initially Roman, may behangd (among the mounted fonts) by use of theeque§ or by
imbedding at any desired poietther fx, f(xx, f[xx¥{, or fN wherex, xx, andxxx are the name of a mounted
font andN is a numerical font position.

It is not necessar to chang to the Special font;haracters on that font are automatically handled as if thesg w
physicaly part of the currentoht. The Special font may actually bevezal fonts; the nam& is reseved and

is generaly used for one of theseThe fallback reques sets a font speci ¢ sequence of additional fonts that are
searted for missing learacters.

tro can be inbrmed that any particular font is mounted by use offtheeques Thelist of known fonts is ins
tallation dependent.in the subsequent discussion of font relatecduests,F represents either a oneétwharacter
font name or the numericabrit position. The current font is wailable (as numerical position) in the readyonl
number regier .f; the .fp regider holds the next unused position.

A requeg for a named but not mounted font is honored if thet fdescription irdrmation &ists. In this way,
there is nolimit on the number of fonts that may be printed in any part of a docunMatintedfonts may be
handled more e cienty, and they may be refed to by their mount positions, but there is ather di erence.
Mention of an unmounted font loads it tempdsaat font position zero, which sers as a one font che.

The function S'cN' causes the current font to be slantgcchl degees. Mt all devices support slanting.
nro undersands font control and norally underlines Italic characters (sd#.5).

2.3. Charactr size.Character poinsizes wailable depend on the speci ¢ output device; a typicaltdlical) set

of values is 6, 7, 8, 9, 10, 11, 12, 14, 16, 18, 20, 22, 24, 28, andl86.is a rang of 1/12 inch to 1/2 it
Modem output devices sticas the defult devpsusualy allow the point size to be set to arbitrary values, includ
ing fractional points. The ps reques is used to lcang or restore the point sizeAlternatively the point size
may be thangd between antwo characters by imbedding s at the desired point to set the sizeNpor a
scN (1} N}8) to increment/decrement the sizg bl; sO redores theprevioussize. Onhigorical output deices,
requeged point size values that are between two valid sizes yielded tee tdrthe tvo.

Note that through an accidenf higory, a contuction like s39is parsed as size 39, and thuseoied to
size 36 (given the sizes al®), while s40is parsed as size #lfowed ty 0. Theforms s(hn, sc(nn, scnn,
sc nn, s[cnn], and sc[nn] pemit speci cation of sizes that would otherwise be ambiguous.

The current size (in points) ivailable in the.s register Note that this mabe a decimal fraction if the aent
point size is not an integ The.psregiger stores the current size in unit$he .sr and.psr regiders store the
requeged point size in points and units, respeadtivit is identical to the current size on modern outpwiasss.
nro ignores type size control.

The function H cN' setsthe height ofthe currentdnt to N, or increments ityo N, or decrements ityo N; if
N O, the height is restored to the current point side.each case, the width is dvangd. Not all devices sup
port independent height and width fdnaracters.

Request Initial If No
Form Value Argument  Notes Explanation
c_ctype name ignored Set theLC_CTYPE locale toname The default is the &lue

of the LC_CTYPE ervironment \ariable. Thisrequed is use
ful to specify an iput character set regardless ofiesnment
inuences. The current value isavailable in the.lc_ctype
number regier.
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.pscN 10 point previous B Point size set t&'N. Alternatively imbed sN, scN, or sN .
Any positive size value nyabe regqiesed on modern déces.
If invalid, the next lager valid size will result on traditional
devices, with a maximunof 36. A paired segence N, N
will work becausethe previous rageded value is also remem
bered. Ignoredn nro .

fzoomFz 1 ignored P,T  Zoom pnt F by factor Z, which is a positig oating point
number This requeg is useful for adjusting fonts with
di erent visual sizes but identical nominal points; the zom
thus not applied to characters from another font the¢ baen
found by thefallback sequence or by the special font nhen
ism. Thecurrent value of the current font #ailable in the
.fzoom number regiter.

.SsSN [M] 12/36 m ignored ET Spacéharacter size is set tdl/36ems. Thissize is the
minimum word spacindn adjusted t&. The optional second
amgument sets the space thiat added between sentences to
M/36ems. Ignoredn nro. The number regisrs.ssand.sss
contain the current values bf and M, respectiely.

.CSFNM o] P Constant character space (width) mode is set on dmt
(if mounted); the width of\ery character will be taken to be
N/36 ems. If M is absent, the em is that of thhacacter's
point size; if M is given, the emis M points. All a ected
characters are centered in this space, including those with an
actual width lager than this space.Special Font taracters
occuriing while the current font i$ are also so treatedIf
N is absent, the mode is turned oThe mode musbe il
or again in e ect whenthe characters are ydically printed.
Ignored innro .

.bd F N o] P The characters inoft F will be atticiall y emboldened
printing each one twice, separategl ¥ 1 basic units. A rea
sonable valueor N is 3 when the character size is in the
vicinity of 10 points. If N is missing the embolden mode is
turned o. Theemboldening &lueN is in the.b register.

This paragraphs printetl with .bd R 3 The mode must
be sill or aganin eectt whenthe characterare physically
printed. Ignoredn nro .

bdSFN o P The characters in the Special Font will be emboldemnkdn
ewer the current font i&. The mode must be still oagain in
e ect when the characters areygsically printed.

ftF Roman previous E ént dhanged toF. Alternatively imbed fF. The font name
P is reseved to mearthe previous font, and the nansefor
the specialdnt.

fp N F[ le [supply] ignored P font position. This is a statement that #ont namedF is
mounted on positiolN. With two arguments, it is &tal eror
if Fis not known as a legytro font le (27.2).

With three or more arguments, font metrics are read from the
given le, which must bein Type 1, Opefype, or TueType
format. If the TROFFONTS ervironment \ariable is set, edc

of the colon separated directories in it is tested for tbe
le.afm, le.otf, le.ttf, or, if the le agument has anafm,

.otf, or .ttf extension itself, ér le. Othewise, the font is
loaded from thele /usr/ucblib/doctools/font/devps/e .afm.
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The N agument speci es a register on which the font is to be
mounted (1N;255). If it is zero, the font is mounted on the
next free position (not on position zero)At most 255 dnts
may be mounted simultaneoyslit is possible to use more
than 255 fonts in a document by reusing font tegss

The pbnt is then aailable with.ft F, fF, etc. F may be free}
chosen, and may consist of more than tlaracters.

F ma be the name of a prieusy mounted font, such as

R. In this case, thesameN regiger must be reusedFor

bes compatibility with conventionaltro usag, it is recom
mended that the base fonts of a document are mounted as
T1R", 21", "3B", T4BI". Theinitial fonts on positions

9 (S1) and 10 §) should not be ltangd, as they contain spe

cial metrics for drawing commands.

If the optional supply agument is present, glyph data is
included in the generatedo$tScript le. If supplyis one of
otf, pfb, pfa, ttf, or t42, the le supply.pfb(or likewise) is
seartied in the directories ITROFFONTS rst as desdbed
for the AFM le above, and if it is not found therein
/usr/ucblib/doctools/font/devpssupplypfb (or likewise). sup
ply may also be the basename of a ledike above.

The taracter% can be used to escape arbitrary bytesoirt f
le names. In paticular, this is necessary to usent les
whose names contain spaces, bytes outsideA8€ll rang,
or a% itself. %xx represents the byte with thexaeecimal
codexx, e.g.,%20 is a spacelaracter In the path names in
TROFFONTS, only thé and: characters ha to be masd
using this meleanism.

fpsmap ... ignored PT Mount a font with a special character maBy default, special
characters lie ( a are not assigned when a font is mounted
ewen if a matching named d3tScipt character (lik [alpha])
would hae beenavailable. Thefollowing special baracter

maps &ist:

math mathematical characters ik r

greek greek characters Ié&kZ « "

punct the taracters (or #<>@ N
large patts of lage characters &S « f 1

The punct map is used by default for thps and psmed dev
ices.

The remaining arguments are handled as descrdydq.f

feature F cname ... ignored PT Enable () or disable () the Opélype katurenamein font
F. Only Opefype features that result in coxténsensitive
single dharacter substitutions are supjgar. Typical features
are onum to enableold style numerals, orsmcp to enable
small capitals.

fallback F AB ... ignored PT Select the dllbadk sequence foroht F. If the current font is
F and a character is nobudnd, bnt A is searbed rst, then
font B, etc. If the character still has not been found, it is
searbed br in the Special Font, then in the fonts mounted at
positions 0, 1, and setth.
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.hidecharF cd ... ignored PT Hide the charactersc, d, etc. from font F If the daracters
appear in input aftevards, they are searched in othent$
using the &llbadk seqience. Thids useful e.g. for combining
characters from a regular and gp& 1 expett font.

.SpacewidthN on O, T If N°0, use the space width from the font niedr le. The
space width otherwise defaults to &f8 for \ariable width
fonts, or to the width of thepacecharacter for monospaced
fonts. With this reqied, the space width is set to the width of
the spacecharacter as obtained from the font retrle for
variable width fonts too.

fspacewidth F [N] ignored O,T  Set the width of the spaagharacter indnt F to N, which is
given in units of1/72000 of an inch multiplied by the cant
point size or 1/100®@f an em (as iAFM keming pair de ni
tions). If only one argument is presetihe space width is set
to the width of thespacecharacter as obtained from thent
metrics le.

When the width of spaces in output is actually computed, the
space size aset ly ssis also taken into accountThe space
width as de ned abee is used directly withss 12 which

is the dedult. Othewise, it is multiplied by thess setting
divided by 12.

3. Page control

Top and bottom margins aneot automaticalf provided; it is cowentional to de ne tw macrosand to set
traps for them at ertical positions 0 (top) andN (N from the bottom). See 7 and Ttorial Examples T2.

A pseudo page transition onto thest page occurs either when thest break occurs or when therst non
divertedtext processing occursArrangements for a trap to occur at the toptioé rst page must be completed
before this transition.In the bllowing, references to theurrent diversion( 7.4) mean that the mechanism being
descibed works during both ordinary and dited output (thedrmer considered as the top diversiovel®

The plysical limitations ortro andnro output are device dependent.

Request Initial If No
Form Value Argument  Notes Explanation

.pl cN 11in 11in Y Pag length set teN. The current page length isvailable in
the .p register.

.papersizemedia ignored Ty Set the paper sizemedia can be one ofxecutive letter,
legal, ledger, tabloid, aN, bN, cN, or two numbers giving
the width and height diregtl The page length is set from
these parameters, the page o set and line lergé adjuted
as needed, and the ppsocessor is irdrmed about the pag
metiics for its internal calculationsThe last action is the real
reason why thisequeg exists; without it, PstScipt printers
may displace the pas of the document.The default are
letter measurements. Thigeques should be useeaty in a
document; if it is given multiplégimes, the last one will setup
the deice.

.mediasizemedia ignored Ty Set the device media sizemedia can be one okxecutive
letter, legal, ledger, tabloid, aN, bN, cN, or two numbers giv
ing the width and height diregtl This requeg peiforms the
same actiongs papersizeand generates a device setup com
mand in addition (the d&tScipt Level 2 operatorsetpagedev
ice as well as thdDSC commen®o%DocumentMedia: with
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dpos). The e ect of this command can be the selection of
a matching paper tray oa printer; on the other hand, the
document may noprint at all if no such tray isvailable.

In general, it is recommended use pinterspecic options
from aPPD le when the le is submitted to the print spool
ing system instead of thiseques. However when @nerating
PostScipt as intermediate drmat with the intent oPDF crea
tion, use of this raged is recommended.

.cropatL TWH ignored Tp Set the “CropBox" page parametéar PDF generation. The
four arguments give the set from the left () and top T)
mawgins of the document (as sey Imediasiz§, and width
(W) and height ) of the ba. The default units are points.
The CropBox rdsicts the area of the page thatshown by a
PDF viewer progam. Itis useful to hide cut marks amdher
printing indructions when the sanm®DF document is intended
to be displged on screen.

Arimat LTWH ignored Tp Set the “TimBox" page parameterfor PDF generation and
enables printing of marks when combined wipost M.
The four arguments give the o set from the leff) (@and top
(T) margins of the document (as sgtrhediasiz§, and width
(W) and height i) of the ba. The default units are points.
The TrimBox species how the page is to beut after it
has beerprinted; it is sort of an electronic @galent for cut
marks (which should continue to be printed in addition).

.bleedatL T W H ignored Tp Set the "BleedBox" page paramet@&r PDF generation. The
four arguments give the set from the left () and top T)
maugins of the document (as set imediasizg, and width V)
and height 1) of the ba. The default unitsare points. The
BleedBx should be de ned as a a frame around the objects
of the actual document includireny bleed areas (i.e. content
that should extend to thend of the immed nal page but
is extended a bit such to work around possible cutting inaccu
racies). Cutmarks, color bars, and other anfhation for the
printing o ce should be positioned outside the BleedBo

.bp cN N1 B,v Begin pag. Thecurrent page is ejected and a new eég
begun. IfcN is given, the ne page number will becN.
Also see regestns.

.pn cN N1 ignored Page number The next page (when it occurs) will & the
page numbercN. A pn mug occur before the initial pseudo
pag transition to e ect the page number of thret pace.
The current page number is in te register The number of
the next page is in thgn regiger; this is either the value set
by pn or the current page number plus 1.

.pocN 0; 1in previous Y Pag oset. The cument left mamin is set tocN. The tro
initial value provides about ihch of paper margin on a typi
cal device. Thecurrent page o set iswailable in the.o regis
ter.

.neN N 1V D,v Need N vertical space. If the disance, D, to the next trap
position (see7.5) is less tharN, a forward \ertical space of
size D occurs, which will spring the trap. If there are no
remaining traps on the pagD is the distance to the bottom
of the pag. If D<V, another line couldtd be output and
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spling the trap. In a diversion,D is the distance tdhe diver
sion trap, if any, or is \ery large.

.mk R none internal D Mark the current vertical place in an internal redgés (both
associated with the current drgion leel), or in regiter R, if
given. Seat request.

.t cN none internal Dy Returnupwad only to a marked ertical place in the cuent
diversion If cN (w.rt. current place) is given, the place is
cN from the top ofthe page or dersion or if N is absent, to
a place marked by a mpieus mk. Note that thesp request
(5.3) may be used in all cases instead rofby spacing to
the absolute place stored in a explicit register; e.g. using the
sequencemk R ....sp nRu; this alsoworks when the motion
is dovnwards.

4. Text Filling, Adjusting, and Centering

4.1. Hlling and adjusing. Normally, words are collectedrom input text lines and assembled into a output te
line until someword does nott. An attempt is then made the hyphenate the word in e ort to assembld a par
of it into the output line. The spaces between the words on the output line are then increased to spread out the
line to the curent line lengh minus any cuwent indent A word is any $ing of characters delimited by the
spacecharacter or the beginning/end of the input linkny adjacent pair of words that must kept togther
(neither split across output lines nor spread apart in the adjustment process) can be tied tpgetharab

ing them with theunpaddable spaceharacter (backslash space). Thpaddable no break spacbacacter W
keeps words on the sanoaitput line but may be spread during atipent. Theadjusted word spacings are uni
form intro and the minimum intevord spacing can be controlled with tegrequest ( 2). Innro, word spac

ings are nanally nonunibrm because of quantization tharactesize spaces; leever the commandine option

e causes unifrm spacing with fulloutput device resolutionFilling, adjustment, and hyphenation ( 13) can all
be preented or controlled.The text lengh on the last lineoutput is &ailable in the.n register and text base

line position on the page for this line is in thieregister Thetext base line high water mark {leg place) on

the current page is in thé register The current hoizontal output position is in th& register The .x register
indicates the remaining horizontal space on the current output line.

tro can optionally decrease word spacingsarag the letter spacing, angshape letters when adjusting lines
to t on both magins. Theinteiword spacing controlledvith the ssrequestis then understood as the optimum
setting. Vrds are collected from input until thest word that would require to condense spacing or letter
shapings is encounteredBetween the end of the previous word and the endhisf word, hyphenation points
are additionally xamined until the two possibilities to end the line surrounding the optimumoansl.f The
point closest to the optimum is thehosen. Ifthe word spacing so determined would fall below the minimum
allowed, letter spacingand shapings are condensddl.it would eceed the threshold for expanded letter spacing
and letter shaping, it is attempted to compensate until the threshold is reached, up to the maxinechietido
spacing and letter shapingzemaining space is disbuted among the avd spacings.Distribution among letter
spacings and shaping is equal until one of the respective limits tsetbatinesthat teminate with abreakare
normally set using the optimum word and lispacings unless the last word collected is thé word that &lls
belov the optimum spacing, which may result in condensed spacing and shdpietorizontal positionsn the

.k and.x regiders are alays computed using default character and spacing widths.

As an altenative to adjusting one line at a time as ddwd, tro also suppds adjusting one paragraph at once.

In this mode, words are collected from input lines andieds are processed until lmeak occurs. Thewords

are then split into lines such that the imterd spaces are close® the optimum setting across the entire para
graph. Ultimatey, the lines so determined ardred. Taps page breaks, and any positioning become e ectiv
only at this time. It is thus well possible that the current page number as rediteanput line in théo regis

ter is laver thanthe number of the page on which the corresponding text is actually oupytreference to

the page numbeor page position (e.g. writing an index entry) should thus be handled using the output line trap
medanism instead of in line macrod.ikewise the.k and .x regiders are not meaningful in this modecept

that .k is never zero when text is present in a partial peapy.
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An input text line ending with, ?, !, or:, optionally bllowed by ay number of , ,), ], *, or , is taken to be

the end of assentenceand an additional space characteaigomatically provided dimg lling. T o present this

at individual locations, ad®& to the end of the put line; the second argument to therequest ( 2) changes

the size of this space character and can also disaglebally. Both the sentence ending and the transparent
characters are con gurableThe ) character is alays transparent but beles like & in all other respectsMul

tiple interword space characters found in the input r@t@ined, although the second character in a sequence of
spacesdllowing a sentence ending character has the width skéntence space; if the sentence space has been
set to zero, any sequence of spacdlswing a sentence ending character has the width single spaceTrail

ing spaces are abys discarded.Initial spaces are ahys retained and also causéraak

With the brnl requeg a breakoccurs at the end of each text input line in Il modggept for lines inteupted
with c¢. Contrasing to no Il mode, text is still adjusted to the line length.

When lling is in eect, a p may be imbedded or attached #goword to cause break at theend of the word
and hae the resulting output lingpread outto Il the current line length.

When adjusting paragraphs at once, is possiblspecify additionapenaltiesfor putting a line break after the
current word (or part of a hyphenated word) by imbedding or attachifgcld to it. A positive value ofN
discourags a line break, a native value encouras it. Values of DO0O0O00 and abee are taken as in nite
penalties and alays prevent a line break; values af 000000 alvays cause a line breakA default penalty can
be set with theJ cN escape sequence; this is useful to discourage line breaks within a certain grarpsHf w
e.g. a persom name or aoimula. Relative values in thargument toj refer to the default penaltyThe current
default penalty is ailable inthe .defpenalty number regi®r. Separatgenalties can be speci ed for breaking a
line after a hyphenated word part using liypp reques ( 13).

With the brpnl reque§ each end of a xéinput line in Il mode causes &reakand a spread,xeept for lines
interrupted with c. The meaning of p is thenchangd such that a line that it is attached taas spread; this
is the only methodo adiewe a regulatbreak without a spread thenManualy adjusted text can thus be typed
more combrtably since only the éwer) lines that are not spread need to be ethrk

A text input line that happens to begin with a control characterbeamade to not look like a control ling b
prefacing it with the non printing, zero width ller ltaracter & . Sill anotherway is to specify output transla
tion of some covenient character into the control character using10.5).

4.2. Interruped ext. The copying of a input line imo Il (non Il) mode can beinterruptedby terminating the
pattial line with a c. The nextencountered input text lin@ill be considered to be a continuation of the same
line of input tet. Similaty, a word within lled text may be intemupted by terminating the word (atide) with

C; the next encountered text will be taken as a continuaticthe interupted vord. If the intewening control
lines cause a break, any partial line will be forced out along with any padidl wirhe.int number register is
set to a non zero value if the previous line was migted and to zero othgise. Thelengthof a partial word is
ignored for the value of thé number register inl mode; it is separatelyailable with the.kc register.

4.3.Kerning. tro reads kming tables from yipe 1, Opeifype, and TueType bnt les. Thesetables contain
small horizontal spacingdjustments for pairs of individual characters, e.g., the pé&f' Would print as "Vo"
without keming applied. Placing & between two characters disablesnking atthat location; the&kern request
can disable it globall The kernpair reques adds a &ming pair; in contrasto prede ned pairs, it alles the
characters to originate from di erenorfits.

It is sometimes useful to add or substact a constant amount of spacinyevtespeci c taracter appearsorf
example, Ufrence quotation marks usually require some additional distance to the words contained ifitibem.
kernafter and kernbefore requess allow to de ne such adjusnents. Again, a . disables them at individual
points; they are eneraly not applied if the other character is a space.

4.4 Hanging daracters.Characters can hangyoad the left or right margins of adjusted text; thang and
rhang requess specify this. Left margin adjustments amvaluated before the letters that t on the current line
are computed, and can thusngipally be of any length. In contrast, right margin adjustments avaleated after
this computation is nished, and the adjustment is simply added to ¢ind space of the output lineThus a
positive right adjustment that is & in relationto the line length will cause visible holes, and aatigg adjus
ment will ultimately cause the akds on the line to be printedrer each other This is not a problem for the
typical application of hanging punctuation for visual alignment, though; if e.g. awitheeight word spaces is
shifted by .08 em, each word space is geldrby only .01 em.
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Request
Form

.br

.brp

fi

.nf

.adc

.na

.padj N

.ceN

1 N

Initial If No
Value Argument  Notes Explanation

B Break. The lling of the line currenty being collected is
stopped and the line isutput without adjusnent. Ext lines
beginning with space characters aachpty text lines (blank
lines) also cause a break.

B Break and spread; same eect as thpe escape segnce
except that it causes the remaining part of a paragraph shape
as set withpshapeto be discarded.

Il on B,E F ill subsequent output linesThe regiger .u is 1 in Il mode
and 0 in no Il mode.

Il on B,E N oll. Subsequent output lines araeither lled nor adjusted.
Input text linesare copied directly to output linesithout
regard for the current line length.

adj,both adjust E Line adjustment is begunlf Il mode is not on, adjusnent
will be dekred until I mode is back on. If the type indi
cator c is present, the adjustment tyfechangd as shown in
the bllowing table.

BISSTEIISSTEIISSTEIISSTEEISSTEISSSE$$SS

HOYERIPES ST ST S SIUTSSBIBS S SSFSSSSSSS$S
I adjug left margin ony
r adjug right margin ony
c center
born adjug both magins
p orpb  adjug both margins paragph wise
pl adjug left margin paragph wise
pr adjug right margin paragph wise
pc center para@ph wise
BRETETE S SEETPEEBEE S SSSFSSSSSSSSSSSSSS$S

The number regisr .j contains the current value of tte
setting; its value can be recorded and used subsé#gto set
adjustment.

adjust E Noadjus. Adjugment is turned o ; the right magin will be
rageed. Theadjustment typeof ad is not changed. Output
line lling still occurs if Il mode is on.

o] on Control paragraph at once adjustment glopalllf N°0 or
missing, paragraph atonce adjment is enabled in all
ervironments, andad x e ectively acts like ad px. The
current value is ailable in the.padj register.

o] N1 B,E Center the nd N input text lines within the current (line
length minus indent).If N O, any residual count isleared.
A break occurs after each of tié input lines. If the irput
line is too long, it will be left adjued. Thenumberof lines
to be rightaligned, if ay is set to zero. The remaining
number of lines to be centered igm#able in the.ceregister.

o] N1 B,E Right align the net N input text lines within the current (line
length minusindent); otherwise li& ce The number of lines
to be centered, if gnis set to zero.The remaining number
of lines to be ight justi ed is available in therj register.
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.brnl N o] N~ B,E Break at end of ng¢ N input text lines when lling is in
e ect. The remainingnumber of lines so treated isaflable
in the .brnl register.

.brpnl N o] N~ B,E Break and spread at end ofxh& input text lines whenlling
is in e ect. Theremaining number of lines so treatedaisil
able in the.brpnl register. brpnl disablesbrnl and vice
versa.

.minssN o] 0 ET Minimum word space. When adjuging both magins, tro
may decrease the size dfie word space down th/36ems
(rather than to the value set 89. Thecurrent walue is aail
able in the.minssregister.

Jdetadj X US YV o] ET Dynamic letter spacing and reshaping when aiigslines.
The space bewen letters can be automatically expanded or
condensed (in additioto the space between words), and the
width of letters can be automatigalthangd in ad b mode.
The X amgument gives the minimum percentage of an en of
the curent point size by which adjacent characters may be
tightened; theU argument gives the minimum percentage of
the letter width by which lettersnay be condensedWhen
the computed size dhe word space would Y& to be lager
than S additional space will be inserted between letters up to
a limit of Y percent of an erof the current point size, and
letters will be expanded by up %@ percent of their width
until the word space does not extend/drel S anymore. S
is given inunits of 1/36 ems as wites The number regis
ters.Ispmin, .Ishmin, .letss .Ispmax, and.Ilshmax contain the
current values o, U, S Y, andV, respectiely.

.sentcharc....?!: o] E Sentence ending haracters. Wherone of the daractersc...
appears at the end of an input text line, an additional space
character of the size de ned with th&s reques is inseted.

The current set of sentence ending charactersvadable in
the .sentchar number regier.

.transchar c.. ")]* o] E T ransparent characters for sentence endiAgsentence ending
character is recognized as suctere if followed by one or
more of the baracters... bebre the end of an input text line.
The current sebf transparent characters for sentence ending is
available in the.transchar number regiter.

tfrack FSNTM ignored PTp Satic letter space tramg. If the curent font isF and the
point sizeis below or equal t& white space of widthN is
added to edc dharacter If the point size is alve or egal
to T, white space of widthM is added. If the point sizeis
betweenS and T, the amount of white space added is com
puted as a value bedenN andM using the cwent point size
s (SM sN TN SM)/(T S). Thedefault unit ér all numeic
arguments is points.Negative numbersare accepted and cause
a decrease of letter spactlo adjustment is péarmed on the
lag character of an output lineTracking also applies tohar
acters from another font that veabeen selected by tHall
back sequence.

.kern N 1 1 PT Control pairwise kming; disabled ifN O, otherwise enabled.
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fkern FN 1 1 PT Control the use oféming tables fromdnt F; disabled ifN O,
enabled ifN 1 or missing. For N«2, only keming pairs with
absolute values greater or equal Noare used.tro kern
ing adjustments as de ned by thellbwing reqieds are not
a ected.

.kernpair F c... G d... N ignored PT Ald a leming pair to the &ming tablefor characterc from
font F and daracterd from font G. ¢ and d may consis$
of multiple characters; in this case, table entries are added f
ary pair combinatiorof characters fronc andd. TheN argu
ment is 1/72000 of an inch multipliedy the current point
size or 1/100f an em (as irAFM keming pair de nitions);
it may beneative. To add a kEming pair that includes the
space baracteruse "

kernafter Fc... Nd... M ... PT Add a contant amount of space after a character if theecur
font isF andc is the rst character of a pair of characters sub
ject to lerning. ¢ may consist of multiple characters; in this
case, the same amount is added whenene of the gen
characters appearsThe N argument is 1/72000 of an ihc
multiplied by the current poingize or 1/1000 of an em (as in
AFM keming pair de nitions); it may be nedive. Samefor
d/M etc.

.kernbefore F c... Nd... M ... PT Add a constant amount of space before a character if the
current font isF and c is the second character of a pair of
characters subject toekning. ¢ may consist of multiple lear
acters; in this case, the same amount is added wdreoee
of the given characters appearshe N agument is 1/7200
of an inch multiplied ¥ the current point size or 1/1000 of an
em (as inAFM keming pair de nitions); it may be negjve.
Same 6ér d/M etc.

Jhang F c... Nd... M ... ignored T Hanging characters at left nggm. Whenthe curent font is
F and c appears at the left ngin of an output line in left
adjuged, both adjusted, or no Il mode, the margin is relocated
to the rght by N, which is 1/72000 of an inch multipliedy b
the current point size or 1/1000 of an em iadFM character
width de nitions); it may be negfive. ¢ may consist of mul
tiple characters; in this case, thergin is relocated whewer
one of the given characters appeaBamefor d/M etc.

shang F c... Nd... M ... ignored T Hanging characters at right ngam. Whenthe curent font is
F andc appears at theight margin of an output line irnght
adjuged, both adjusted, or no Il mode, the margin is relocated
to the rght by N, which is 1/72000 of an inch multipliedy b
the current point size or 1/1000 of an em iadFM character
width de nitions); it may be negfive. ¢ may consist of mul
tiple characters; in this case, theargin is relocated whewer
one of the given characters appeaBamefor d/M etc.

5. Vertical Spacing

5.1.Base line spacingThe \ettical spacing(V) between thebase lines of successive output lines can be set using
the vs request. V should be lage enough to accommodate the character sizes on the a ected output Hores.
the common type sizes (9 12 points), usual typesetting practice is Yots& points greater than thmoint size;

tro default is 10 point type on a 12 point spacing (asthis document). The curent V is available in the.v
register Multiple V line separation (e.g. double spacing) may beieggd withls, but it is better tause a lage

vs instead; certain preprocessors assume single spadihg.current line spacing isvailable in the.L register.
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5.2. Exta line space.lf a word contains aaertically tall congruct reqiiring the output linecontaining it to hee
extra \ertical space before and/or after it, thetra line spacefunction x N can be imbedded ior attached to
that word. If N is negtive, the output line containing the word will be precedgd\bextra \ertical space; ifN
is positive, the output line containing the word will leddwed ty N extra \ertical space. If successive regsts
for extra space apply to the same line, the maximum values are Tikednost recently utilized post linexea
line space is ailable in the.a register.

In x ... and other functions having a pair délimiters around their parameter (heje the delimiter choice is
arbitrary except that it can not look like the continuation of a numixgression for\.

5.3. Blo&s of ertical space.A block of \ertical space is ordindy requeded usingsp, which honorsthe no
spacemode and which does not spguasta trap. A contiguous block of ettical spacemay be reseed using
SV.

5.4. Ascender and descender Type 1, Opeiiype, and TueType metrics suppl information about the typical
extents of characters ab® the base line (ascender) and below it (descenddsualy, these correspond to the
top of the lovercase “d" and thébottom of the lwercase p", respectaly. The .ascenderand .descender
number registers contain thesaues in units with correct scaling for the current point size appliedo \alues
are @ailable, these registers are set to zero.

Request Initial If No
Form Value Argument  Notes Explanation

VSN 1/6in;12pts  previous B, Set \ertical base line spacing siZ€. Transientextra vertical
space wailable with x N (see abee).

IsN N 1 previous E Line spacing seto cN. N 1 Vs (blank lines)are appended to
ead output text line. Appendedblank lines are omitted, if the
text or previous appended blank line reached a trap position.

.SpN N1V B,v Space ertically in either direction. If N is negtive, the
motion isbackward(upward) and is limited to the distance to
the top ofthe pag. Forward (davnward) motion is tuncated
to the distance to the nearest trafirecall the use ofsp N
from 1.3.) If the no space mode is on, no spacing occurs (see
ns, andrs below).

.SVN N 1V \ Sawe a contiguousartical block of sizeN. If the distance to
the next trap is greater tha N vertical space is outputNo
space mode haso e ect. If this distance is less thas, no
vertical space is immediately output, bNtis rememberedof
later output (sees). Subsegent sv requess will overwrite
ary still remembered\.

.0S Output ssed ‘\ertical space. No space mode hago e ect.
Used to nally output a block of ertical space ragesed ly
an edlier sv request.

.ns space D Nb space mode turned onhenon, the no space modehi
bits sp requess andbp requestswithout a next page numher
The no space mode is turned avhen a line of output occurs,
or with rs. The number regi®r .nsis set to a non zeroalue
in no space mode and to zero othise.

.rs space D Retore spacing. The no space mode is turned o .

Blank text line. B Causes areak and output of a blank linexaetly like sp 1
unless a dierent action has been speci&dth the blm
request.
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6. Line Length and Indenting

The maximum line lengthof Il mode may be set withHl. The indent may be set wiih; an indent applicable to
only the nextoutput line may be set witti. The line length includes indent space hat page o set space. The

line length minus the indent is the basis for canggwith ce The e ect of Il, in, orti is delaed, if a patially
collected line gists, until afterthat line is output.In Il mode the length of text on an output line is less than
or equal to the line length minus the indefithe current line length and indent areadable in regiters .l and

.i respectively the .y and.in regigers both hold the indent that actually applies to the current line, taking a tem
poraly indent into account.The length ofthree patt titles produced B tl (see 14) isindependentlyset ly It.

In ad p mode, indent, temporary indent, and line length should be prede ned for the entire paragraph at the time
a break occurs. © adiewe this with indent and line lengthaying inside a paragraph, shape can be de ned

with pshape Thell andin requets are also e ective whileofmatting aparagraph but may result in less
optimal line breaking decisions then.

Request Initial If No

Form Value Argument  Notes Explanation

l'cN 6.5in previous En Line length is set t8 N.

.in cN N O previous B,Bn Indent is set tacN. The indent is prepended to each output
line.

i cN ignored B,Em Temporay indent. The nextoutput text line willbe indented
a digancecN with respect to the current indenThe result
ing total indent nmy@ not be negtive. Thecurrent indent is not
changed.

.pshapecil cL1cl2 cL2...0 Em Set aspecial next break by I1 and has
shape dr the when thepara lengthL1, its
currert para graph gets dr second lineis
graph inad p matted its rst indented k 12
mode. At the line is indented ard has lemgth

L2, and sodrth. Relative numbers refer to the previous indent
or line length pair, or tdhe values setybin andll for the rst
pair. Thelast of the indent and line lenggairs says e ective
if the paragraph hamore lines than pairs are giv. Wth an

odd number d arguments, and the standard indead
the standard line length as line lengthvalues are in
set ly Il is used athe eml. e ect agin wnless aother
Once the current paragph pshaperequesoccurs. As
has been [mted, the shape an eception, p preserves
speci cation is forgotten, the remaining part of the

shape. @ produce shapes with holes as in thianeple, dier
sion traps can be used to vaedormatted lines irvertical direction.

7. Macros, Strings, Diversion, and Position iaps

7.1.Macps and &ings. A macrois a named set darbitray lines that may be imoked by name or with &ap.

A string is a namedtsing of characters not including a naline character that may be interpolated/mame at
ary point. Reque§ macro, andtsng names share treamename lis$. Macro and $ring names maconsist of
an arbitrary number o&SCll characters (1.1)and may usurp pw@usl de ned reqieg, macro, or g8ing names;
this implies that build in operators may beréivocaby) rede ned. Any of these entities may be renamed with
rn or remwed withrm. Macros are createdylde anddi, and appended toybkam andda; di andda cause nor
mal output to be stored in a macr&trings are createdybds and appended tby as A macro is ivoked in the
same v@y as a regeg; a control line beginning«x will interpolate the contents of mackx. The remainder of
the line may contain arbitidy mary arguments The grings x, xx, andxxx are interpolated at any desired point
with X, (xx, and [xx¥{ respectively the brm [xxx arg..] allows to specify arguments tosting. Sring
references and macroviocations may be nel.
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7.2.Copy mode input ietpretation.During the de nition and extension afrings and macros (not by @iksion)
the input is read itopy mode Theinput is copied without int@retationexceptthat:

e@The contents of number registers indicatgdrbare intepolated.
eStrings indicated §  are intepolated.

e@Arguments indicatedyb $ are intepolated.

eEnvironment \ariables indicated o V are intepolated.

eDevice control functions indicatedybX and Y are &ecuted.
e@Concealed nglines indicated ¥ (newline) are eliminated.

eComments indicatedyb or # are eliminated.

@t and a are interpreted a&SCIl horizontal tab andSOH respectivef ( 9).
® s interpreted as

@ . is interpreted as. .

These interpretations can be suppressed by prependindgra example, since maps into a, n will copy as
n which will be interpreted as a number register indicator when the mactdny is reread.

7.3. ArgumentsWhen a macro is ioked by name, the remainder tbfe line is taken to containguments. The
argument separator is the spadamcter and arguments may be surrounded by double quotes to permit imbed
ded spaceharacters. &rs of double quotes may be imbedded in double quoted arguments to represent a single
double qiote daracter The agument  is explicitly null. If the desired argumentsownt t on a line, a con

cealed neline may be used to continue on the next lietrailing double quote may be omitted.

Similarly, arguments may be passed tdongs with the [ syntax, separated by spaces, until the argument lis
ends with thg character Sring arguments are otherwise handledatly like macro aguments.

When a macro is ioked theinput lewel is pushed den and any argumentsvailable at the previous el
become unaailable until the macro is completely read and the previored le resored. A macros avn agu
ments can be interpolated aty point within the macro with$n, $(nn, or $[nnr], which interpolates theth,
nnth, or nnrth argument, respectly. If an irvoked argument doenexist, a null $ring results. For example,
the macroxx may be de ned ly

.de xx begin de nition
Today is $1 the $2.
end de nition

and called
XX Monday 14th
to produce the i
Today is Monday the 14th.
Note that the$ was concealed in the de nition with a prepended

The escape segnce $ interpolates all arguments to a macro, separated by sp&@sintempolates all aju
ments, each one surroundey double quotes, separated by spac&ke name of the current macro drisg is
awailable with the $0 escape segnce. Thenumber of cuently available arguments is in thé register.

No arguments arevailable at the top (non macro)vied or within a trap inoked macro.

Arguments are copied icopy modeonto a fadk where they arevailable for reérence. Itis advisable to con
ceal ¢ring references (with arxea ) to delay interpolation until argument reference time.

7.4. Diversions.Processed output may be e@ied into a macro for purposes buas footnote processing (see
Tutorial T5) or determining the horizontal anekrical size of some text for conditional changing of pages or
columns. Asingle diversion trap may be set at a speci edtival position. The number regigrs dn and di
respectivgl contain the &rtical and horizontal size of the most recgrdhded diersion. Processetéxt that is
diverted into a macro retains therical size of each of its lines when rereadnmll mode regardless of the
currentV. Congant spaced ds) or emboldenedb() text that is dierted can bereread caectly only if these
modes are again or still in e ect at reread tim@neway to do this is to imbed in the dixsion the approfate
csor bd requestawith the transparentmedanism described irl0.6.
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Diversions may be nested and certain parameters and registers are associatedcuitirthdiversion kel (the

top non diversion leel may be thought of as tigh diversion leel). Theseare the diversion trap and associated

macro, no space mode, the intally saved marked place (seek andrt), the current srtical place (d register),
the current high water text base lirfén register) and the current diversion name fegider). Thecurrent dier
sion level is available in the.dilev register.

A previous patially lled line is included when a diversion begin®A patially lled line at the end of a dier
sion is not included but becomes part of suerounding diversion Wel. With the box reques a previous par
tially lled line is not included. At the end of thaliversion, this pdially lled line is restored at the stound
ing level, discarding any p#ally lled line from within the diversion. Thebehavior is otherwise theame as
with a standard darsion.

7.5. Traps.Five types of trap mechanisms areaitable pag e traps, outputline trapsa single diversion trap,
multiple diversion traps, and anpiat line count trap. Macro invocation traps may be planted usimp at ary
page position including theéop. This trap position may behangd usingch. Trap positions at or below the bot
tom of the page Wa no e ect unless or until nved to within the page or rendered e ective by an increase
page length. Two traps mg be planted at theameposition only ly rst planting them at di erent positions and
then moving one of the traps; thra t planted trap will conceal the second unless and untilrsiteone is meed
(see Ttorial Examples T5).If the rst one is meged back, it again conceals the second trihe macro associ
ated with a page trap is automaticallydked when a lineof text is output whoseettical sizereachesor sweeps
pastthe trap position. Reading the bottom of gage springs the top of page trap, ifyaprovided there is a

next page. Thedistance to the next trap position iw@#able in the.t regider; if there are no traps between the

cumrent position and the bottom of the page, the distance returned is the distance to the page bottom.

An output line trap is planted using the escapeusage Px, P(xx, or P[xx{. It is corverted to an intaral

character code that becomestpair the current t&. Whenthe line containing it has beenygically output, the
macrox, Xx, or xxx respectiely, is invoked. Aline may contain more than one output line trap; they arekid

in the order they appeaif a page trap becomes e ective at the same point, itviskéd immediately after all
output line traps. Output line traps arenot invoked at the time they become part of aedsion. Thg can thus
be used to determine e.g. the e ective page number of the surroungingven when it had aginally been

diverted on another pag

A single macro imocation trap e ective in thecurrent diversion may be planted usidi If anotherdt follows

in the same diversion, the trap position lemged. Multiple traps may be planted in the cemt diversion using
dwh anddch. The .t regiger works in a diversion; ithere is no subsequent tragaage distance is retured.

For a description of input line count traps, sedelow.

7.6. Recursion. tro macros can be woked recursiely. In general, return imimation and ajuments for macro
calls are stored asameson astack Sincethe size of thetad is limited by aailable memoy, recursive calls
cannot descend to arbitrary depthE avoid consumption of lge amounts ofmemory in case of endless loops,
the depth is deliberately teisted further; theecursionlimit reques allows to adjust that résction.

A macro call can beail recursive that is,the re irvocation of the current macro can occur in its lé&atesnent.
tro can then replace theéask frame of the current macro instance with that of #iewing one, and thetack
size remains cortent. Thedepth of tail recursive macro calls is thusngipally unlimited, and isnot ati cially

resticted by defult. Sincetro cannot determine the control character at the time the macneedsited in

n

adwance, the recursive macro call must not only be thestasement of a macro, but must actually occur in the

lag line for tail recursion elimination to become e ective, although it may be pre xedfbor .el or followed ty
}.

7.7.Local drings. Stings, macros, and diversions are, odeened, nomally accessible from any part ofteo
progam. Local drings, de ned withlds, are accessible only within the ocemtly executing macro irnance,

and are not inherited to macrossoked from them. When the curently executing macro teninates, they are
automaticaly deleted, and all associaterage is reclaimed.

As long as a loca#tring namedxx exigs, any reference with(xx or [xX retriewes the value of the locatrig;
the global ®&ing xx if ary, becomes inaccessible by this metho@alls to as substring, index, and chop
modify the local 8ing. watch with the name of local &ing as argument noti es on modi cations of the local
string. rm remoes a local sing and possibly makes a globatisg visible agin, rn renames docal gring to
another local tsing, andals creates a local alias to a loc#lirsg.
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It is not allaoved to de ne local macros or divsions. Callgo .xx or xx reference a global macro or drgion
ewen if a local #ing xx exigs. Trapsand theY escape sequence alys operate on global macros or elisions.

Request

Form Value

.dexx yy

.am xx yy

.ds xx string

.asxx string

Ids xx string

.substring xx N [M]

Jength R string

.index R xx string

.chop xx

rm XX

N xx yy

.di xx

.da xx
.box xx

.boxa xx

Initial

If No
Argument

Yy=..

Yy=..
ignored

ignored

ignored

M 1

Rsetto O

ignored

ignored

ignored

ignored

end

end
end

end

Notes

Explanation

De ne or rede ne the macrox. The contents of the macro
begin on the next input linelnput lines are copied icopy
mode until the de nition is terminated by a line beginning
with .yy, whereupon the macrgy is called. In the absence
of yy, the de nition is terminated by a line beginning with

A macro may containle requess provided the teninat
ing macros di er orthe contained de nition terminator is con
cealed. .. can be concealeds .. which will copy as .. and
be reread as.. .

Append to macro (append versionds).

De ne a gring xx containingstring. Any initial double quote
in string is dripped o to permit initial blanks.

Append string to gring xx (append version aods).

De ne local gring xx containingstring. Ecquivalent tods at
the top non macro iel.

R eplace ®ing xx by its sub#ring between indicedN and M.

o

N and M stat at 0. Negative values are interpreted relativ
to the endof the ¢ring; 1 implies the last character of the
string.

Sore the length ostring in regiger R. string is read incopy
mode.

Sore the position of therst occurence ofstring in xx in
registerR. Positions are counted from OlIf no occurence is
found,Ris set to1. stringis read incopy mode.

Remove the last character of the macrwirg, or diversionxx.

Remove reqieg, macro, ordring. The namexx is remaed

from the name list and any relatetbrage space is freed.
Subsegent references will wva no eect. If many mac

ros andgrings are being created dynamigalit may become
necessar to remae unused ones to recapture interrtakage

space for neer regisers. If a macro is reme@d while it is

in use, associatedosage is not released, and aming of the

mac categoryis emitted.

Rename reges, macro, or sing xx to yy.
rst removed.

If yy exids, it is

Divert output to macrox. Normal text processing occudkiur
ing diversion gcept that page o setting is not doneThe
diversion ends when the maept di or da is encountered
without an argument; extraneous ueds of this type should
not appear when nested diversions are being used.

Divert, appending toxx (append version o).
Divert output to macrox, excluding a patally lled line.

Divert and append tax, excluding a patially lled line.
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.unformat xx ignored

.asciify xx ignored

wh N xx

.chxx N

.dwh N xx

.dch xx N

.dt N xx 0

.vpt N 1 ignored

.t N xx 0

.itc N xx 0

.return
.shift N 1

.alsyy xx

.blm xx none none

Heirloom Documentation Tools

Strip line break inbrmation from diersionxx. All breaks that
do not result in explicit ertical morement arediscarded, inter
word spaces that had been weted to horizontal meements
during adjustment become space characteenaghe e ects
of tabulators andeld characters are werted, and Wphenated
word parts are combined &g.

All characters in digrsion xx changd to plain tet. Hasall

e ects described dr unformat and additionall discards dnt
and point size imrmation andsplits substituted ligatures to
their individual daracters.

Ingtall a trap to imoke xx at pa@ positionN; a negative N will
be interpreted withrespect to the pagbottom Any macro
previousy planted atN is replaced ¥ xx. A zeroN refers to
the top of a pag. Inthe absence ofx the rst found trap at
N, if any, is remeed.

Chang the trap position for macpo to beN. In the absence
of N, the trap, if ap is remeed.

Set location trapn current diersion. Diersion traps planted
with dt are not a ected; if both @wh and adt trap are set at
the same position, both are e eaiv A dwh trap preiously
set at the same position is replaceflt the top non diersion
level, it is eaiivalent towh. Othewise with a negtive or
zeroN, the trap will nger be ivoked since a diversion has no
bottom and can wer reach its top ain.

Chang trap location in current diversion; udgalent toch at
the top non diversion iel.

Ingtall a diversion trap at positioN in the current diversion to
invoke macroxx. Anotherdt will rede ne the diversion trap.
If no arguments are given, the diversion trap is redo

Enable N°0) or disable NO) page ejections and ertical
position traps, i.e. those set witth or dt. At end of irput,
the page isdrcefully ejected. The number regi®r .vpt holds
the current setting.

Set an inputline count trap to voke the macroxx after N
lines of text input have been read (control or neeg lines
dont count). The text may be in line text or text intgolated
by inline or trap irvoked macros.

Set an inputline count trap l&it, but ignore line inteup
tions with ¢ when counting lines.

Immediatel y return from the current macro to thedeabae.
Shift the arguments to the current macyoNo

yy is created as an alias for the wed, macro, or ging xx
The alias name is invery respect identical to the igmal
name. Ifxx is remaed or renamedyy continues to refer to
the object at the time the alias hhden created (and vice
versa). Ifeitherxx or yy are rede ned, both refer tthe nev
de nition.

Whenesr a blank line is encountered, the magxas invoked
instead of the default behavior to output a blank line.
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.em xx none none The macroxx will be invoked when allinput has ended.The
e ect is the same a# the contents okx had been at the end
of the lag le processed, but all processing ceases at thx¢ ne
page eject.

.recursionlimit N M Set the maximumtadk depth for gneraly recursive imoca
tions of macros td\, and for ivocations of tail recursive mac
ros toM. If N or M are zero, the respective depthuislim
ited. Thedefault is 512for the general case, and no linoi f
tail recursion.

8. Number Registers

A variety of parameters arevailable to the user as prede ned, nanmeanber egisters(see Summary and Inde

page 7). In addition, the user may de ne hisvn named regisrs. Regider names are one or twdaracters

long anddo nd con ict with requeg, macro, ordring names. Except for certain prede ned read only refgiss,

a number register can be read, written, automatically incremented or decremented, and interpolated jto the in
in a varety of formats. Onecommon use of userde ned registers is to automatically number sections, para
graphs, lines, etc.A number register nyabe used any time numerical input is expected or desired and may be
used in numecal expressiong 1.4).

Number registers are created and modi ed uging which speci es the name, numerical value, and the auto
increment size. Regiders are also modi ed, if accessed with an auto incrementingeseg. Ifthe regigers x
andxx both containN and hae the auto increment si2d, the bllowing access sequences/dahe e ect shwn:

FEIFSTEIISSTETISSTEIISSTEIESSTEISSSTI$SSS

E ect on Value
SEEHTETESSS IS EEBIESFSSSSSSHBSHIABLEEL S
nx none N
n(xx none N
N[xx¥ none N
n+x X incremented o M N+M
n x x decremented\bM NM
n+(Xx xxincremented Y M N+M
n ( Xx xxdecrementedybM NM
n+[xx{§  xxxincremented Y M N+M

SEBEFPISS SEBIIITSITIISHITNS S SPEPES S S S$$$

Floating point registers can be created and modi ed usirig They share a common name space with iateg
regiders; anr reques tums a oating point register into an integer regis Access and auto increment are as
with integer regiters.

When interpolated, a number register is\vested to decimal (default), decimal with leadirgros, laver case
Roman, upper casedfan, lavercase sequential alphabetic, or upper case sequential alphabetic according to the
format speci ed l af.

Local number registers can be created and modusthg Inr and Inrf. Like local $rings, local registers are
accessible only within the awntly executing macro instance, are not intest to macros woked from them,
and are deleted when the current macro nstur

The eistence of a local humbaegiger xx makes the global number retgs xx, if any, completely inaccessi
ble. Theseqiencesn(xx and n[x¥ retriewe the value of the local reggs, R'xx...";, n+(xx and n+[xX (and
likewise) modify it, and g(xx and g[xX] retriewe its brmat. Subseagent calls tonr, nrf, af, length, andindex
with xx as argument modify the loce¢giger. watchn noti es on modi cations of the local redisr. rr removes
a local register and possibly makes a global register visildan,agn renames a localegister to another local
register andaln creates a local alias to a local régis
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Request Initial If No
Form Value Argument  Notes Explanation

.nr RcN M u The number regier R is assigned thealue cN with respect
to the prgious value, if ap The increment for auto
incrementing is set tM. An alternate syntax isvailable with
the R R cN escape segnce.

.nrf RcF G u The oating point regider R is assigned the alue cF with
respect to the previous value, ifyanCompaison computa
tions in the gpressionF are peformed using oating point
values. Theincrement for auto incrementingyhich also is a
oating point value, is set tds.

Anr RcN M u De ne and set local number retgs R.
Inrf RcF G u De ne and set local oating point regier R.

afRc arabic Assign brmatc to regiger R. The available brmats are:

RN NN RN AR
Numbering
BB S S EETBEPRES SSSSSSSSSSSS
1 0,1,2,3,4,5,...
001 000,001,002,003,004,005,...
i 0,1,ii,iii,ivv,...
I O,LILIILIV,V,...
a 0,a,b,c,...,z,aa,ab,...,zz,aaa,...

BSPESSSTBELEHESETHILUISSELHHLELSSSSSS

An arabic érmat haing N digits species aeld width of N
digits (xample 2 abee). Theread only regiters, thewidth
function (11.2), and oating point registers are alys arabic.
Waming: the value of a number register in a non Aralic f
mat is not numeric, and will not produce the expected results
in expressions.

The function gx, g(xx, or g[xx{ retums the érmat of a
number register in aofm suitable ér af; it returns nothing if
the register has not been used.

Ir R ignored Remove regiser R. If many registers are being created
dynamically it may become necesgato remae no longr
used registers taecapture internaltsrage space for neer
regigers. Theregiger .R contains the numbebf number
regigers still aailable.

mn RS R ename regier Rto S If Sexids, it is rst remoed.

.anSR Register Sis created as an alider R. The alias name is in
evely respect identical to the original namé#. R is remaed
or renamedsS continues to refer tthe register at the time the
alias had been created (and viezsa). Achang in value or
format inR a ects Sand vice \ersa.

9. Tabs, Leaders, and Fields
9.1.Tabs and leadex. The ASCII horizontal tab character and tisSCIl SOH (hereafter known as tHeaderchar
acter) can both be used to generate either horizontal matiangring of repeated t@aracters. Théength of the

generated entity is gemed by intenal tab dopsspeci able withta. The default di erence is that tabsegerate
motion and leaders generatetdng of pefods;tc andlc o er the choice of repeated character or motiorhere
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are three types of internal tatpgs left adjusting,right adjuging, andcentering In the bllowing table,D is

the distance from the current position on thput line (where a tab or leader was found) to the next tap, s
next string consigs of the input characterslfowing the tab (or leader) up to the next tab (or leader) or end of
line, andW is the width ofnext string

REERRRRRRRARAARRN RN AR AR AR A A
Tab Length of motion or Location of

BB TS RS PSS IIPITLEBSSSSSSSSS$S
Left Following D
Right DW Right adjusted withirD

#3905reds 5SS TAMER ST S ST STSBIBTSLTHTHEPE ST IBS S5

The length of generated motion is alkxl to be negfive, butthat of a repeated charactdrirgg cannot be.
Repeated charactetrings contain an integg number of characters, and any residual distance is prepended as
motion. Tabs or leaders found after the last tab stop are ignored, but may be nesd sisngterminators.

Tabs and leaders are not interpreteccapy mode t and a always generate a non interpreted tab and leader
respectivelyand are agjvalent to actual tabs and leadersopy mode

9.2. Fields.A eld is contained between air of eld delimiter characters, andonsists of subtengs separated
by paddingindicator daracters. Theeld length is the distance on thiaput line from the position where the
eld begins to the next tabtgp. Thedierence between the total length of all the stitings and theeld
length is incorporated as horizontal padding space that is divided athenimdicated padding placesThe
incorporated padding is alleed to be negfive. For example, if the eld delimiter is # and the padding indicator
is 7 #xxxXyight# speci es a ight adjused dring with the &ing xxx centered in the remaining space.

Request Initial If No
Form Value Argument  Notes Explanation

da Nt ... 0.8; 0.5in none En Set tab stops and type$=R, right adjusing; t=C, centeing;
t absent, left adjusg. tro tab stops are presetesy 0.5in.;
nro evely 0.8in. The gop values are separated by spaces,
and a value preceded/ ¥ is treated as an increment to the
previous stop wlue. The.tabs regiger holds a tsing with
the current tab stops im form that is acceptable for tha
reques it can thus be used tovgaand restore taligps.

dfaMv .. NwTAt..Zw NO E,m Set repeated tab stops and typesMat ..., Nw, N At
. N Zu N Z Ay ., N Z Zuy N 2z At ..,
N 28 Zu N 3&Z At .., N 3&Z Zu, ... Thus
.ta T 0.5 sets tab stopsvery 0.5in, and.ta 1i 4i T .25i 1i
sets tab stops at 1in, 4in, 4.25in, 5in, 5.25in, 6in, 6.25in, etc.

tfcc none none E The tab repetition character beconme®r is remwed specify
ing motion.

dcc . none E The leader repetition character becomgsor is remwoed
specifying motion.

fcab o] 0 The eld delimiter is set toa; the padding indicator iset to
the spacecharacter or td, if given. Inthe absence of gu
ments the eld mechanism is turned o .

10. Input and Output Conventions and Character Tanslations

10.1.Input dharacer translations.Ways of inputting the graphic character set were discussed.in The ASCII
control characters horizontal tab (9.90H (9.1), and e_bakspace ( 10.3) are discussed eldmre. Thenev

line delimits input lines. In addition, STX, ETX, ENQ, ACK, andBEL are accepted, and may be used as delim
iters or translated into a graphic with ( 10.5). All others are ignored.

The escapecharacter introducesescape sagncesauses the following character to mean anothdracacter or
to indicate some functionA complete list of such sequences is given in the Suspnmashould not be confused
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with the ASCII control daracterESC of the same nameThe escapecharacter can be input with the sagnce
The escape character can Heanged with ec and all that has been said about tlefult becomes trueof

the new escapeharacter. e can be used to print whaer the current escape character is; this escapeiseg

is interpreted incopy mode E evaluates to the current escape character but is not interpretegpynmode if

it is put into a 8ing or macro, it will introduce an escape sequence oncettiing $s printed or the macro is

executed, respectdly. ecsandecr sawe and restore the escapearacter If necessary or cemnient, the escape

medanism may be turned o witkeg and restored witlec

Request Initial If No

Form Value Argument  Notes Explanation

.ecc Set escape character toor toc, if given.
.e0 on Tur n escape mechanism o .

.ecs Sav e escapelaracter.

.ecr Res tore saed escapeharacter.

10.2. Ligatures.The set of wailable ligatures is device and font dependent, but is often a subset pf ,
and . The may be input (en innroff) by (fi, (fl, (ff, (Fi, and (Fl respectively In troff, the flig request
specifes the set of ligaturesvailable with an individualdnt. Theligature mode is nanally on intro, and
automaticallyinvokes ligatures during put. At most thev e named ligatures are enabled byadé#f

The ligature suppressor disables automatic lggure building if it is placed between two characters, but has no
other e ects. Mary other escape sequences, 8g. %, also disable automatic ligature building.

Request Initial If No

Form Value Argument  Notes Explanation

dg N 0;on on Lig ature mode is turned on N is absent or non zero, and
turned o if N 0. If N 2, only the tw character ligatures are
automaticaly invoked. Ligature modeis inhibited for regest,
macro, §ing, regiser, or le names, and incopy mode No
eectinnro.

flig F string c ... ignored T De ne the set of ligtures to be used witlorit F. string may

consi$ of up to four characters; itxa&ct occurences are sub
gtituted by the baracterc wheneer the current font i. If
string stats with a minus sign, ligature subtitution for it is dis
abled; thec agument must not be present in this caseis
required that any sulisng of string that consists of two or
more characters is alste ned as a ligture. Multiplestring/c
pairs may begiven. Asa special caseflig F 0 disables all
ligatures for ént F. The default set of ligtures is specic to
a font and is determined from its nmie# le.

As examples,.flig R Th [T_h] enables a ligature for “"Th" in
font R, and.ig R Th disables it.

.fdeferlig F string ... ignored T Deér ligature building dr the rst character ofstring. Nor
mally when a sequence of three characters appearaHich
both the rst and the last ter characters are de ned as aalig
ture, the ligature is built using thest two characters. &r
example, if “ffi" appears in input and both “ff* and i"f
are de ned as ligatures, the “*ff" ligature is builplibwed ty
a single “i" character Useof this reqies causes the lgjure
to be built using the second two characters, so in tkeme
ple, .fdeferlig R ffi would result in a single “*f" characteolf
lowed by a “fi" ligature.
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10.3. Ba&spacing, underlining, \ergriking, etc. Unless incopy modethe ASCII bakspace character is replaced
by a ba&ward horizontal motion having the width of the spabaracter Undetining as aform of line drawing
is discussed in12.4. A generalized werstiking function is described irn2.1.

nro automaticaly underlines characters in thderlinefont, speci able withuf, nomally that on font position
2 (nomally Times lItalic, see2.2). In addition toft and fF, the underline dnt may be selectedytul and cu.
Undetining is regdricted to an output device dependent subseteaSonablecharacters.

Request Initial If No

Form Value Argument  Notes Explanation

.ul' N o] N 1 E Undeline in nro (italicize intro ) the next N input text lines.
Actually, switch tounderline font, saving the current fonorf
later regoration; other font dhangs within the span of al
will take e ect, but the restoration will undo the ladtange.
Output generatedybtl (14) is aected by the font bange,
but doesnot decrementN. If N>1, there is the risk that a
trap interpolated macro may providettéines within the span;
ervironment switching can pvent this.

.CuN o] N 1 E Continuous undéine. A varant of ul that causegverychar
acter to be underlined imro . Identical toul in tro .

uUf F Italic Italic Underline font set toF. In nro, F maynot be on position 1.

10.4. Contol characters.Both the control laracter. and theno break control daracter may be dangd, if
desired. Sut a diange must be compatible with the designasfy macros used in the span of tiharmge, and
particulary of any trap ivoked macros.

Request Initial If No

Form Value Argument  Notes Explanation

.ccc . . E The basic control character is sefctoor reset to. .
.c2c¢c E Thenobreakcontrol character is set t or reset to

10.5.0utput tanslation.One character can be made a stand in for another charactertusiil text process
ing (e.g. character comparisons) takes place with thet i(stand in) character which appears twehthe width
of the nal character The graphic translation occurs #te moment of output (including @iksion). Text in a
diversion is not translated again when it is output or eztid unless thasciify reques had been applied on it.

A character can be substituted by an arbitrary sequence of characters, motions, drawing commbpndagairs
of the char request.

Request Initial If No

Form Value Argument  Notes Explanation

.tfr abcd.... none o Translatea into b, c into d, etc. If an odd number ofharac
ters is gien, the last one will be mapped into the spdwe c
acter To be consistent, a particular translation muay $n
e ect from input to outputtime.

.trin abcd.... none o Translatea into b, c into d, etc. as withtr, but when the
asciify requestis called, retranslatb to a, d to c, etc. in the
diversion it is applied to.

.trnt abcd.... none 0] Translatea into b, c into d, etc. as withr, unless the output is
written to a diversion in transparent mode

ftr F abcd...none PT Font speci ctr. If the current character igmates from dnt
F, translate lsaractera into b, c into d, etc.

.char c string ignored De ne characterc to string. string is read incopy modevhen

the regeg is processed.
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Wheneverc occurs in regular (not copy mode) later, a tem
poraly copy of the current eironment is created, the escape
character is tempory set to , andstring is output in noll
mode to an unnamed @irsion. If ¢ itself occurs instring,
no recursive substitution takes plateit the plain baracterc

is selected irtead. Theresulting object continues to beta
like the single ltaracterc in the data stream, notionally retain
ing its font and character size proges. It can thus be par
of a keming de nition, canbe hyphenated (possibly régng
an explicit hyphenation code tee assigned using thecode
requey), can become the tab or leadéraacter and can be
used for line dnaing.

Static letter spacedjustments de ned with th&rack request

are applied to each but the last character inside thersitiv,

and to the object as a wholeDynamic letter space adjus

ments de ned with thdetadj reques are only applied to the
object as a whole.No letter reshaping is permed on either
the object or the contents of the elision.

If both tr and char are de ned for acharacterc, tr becomes
e ective rst and dangesc to the translation de ned, but i
is the result oftr and char is de ned for it, char is applied.
ftr has no eect on characters for whiachar is de ned.
Both tr andftr are applied to characters inside ttrear diver

sion as usual.

At the timec would hae been output, theontents of the
diversion are printed instead of it.

.fchar ¢ string ignored T De ne characterc to string as a allbadk only: If c is present
in the current font, output, otherwise, outpustring as with
char.

.rchar c... ignored Remowe character de nitionsof c..; applies toboth char and
fchar.

10.6. Transpagnt hroughput.An input line beginning with al is read incopy modeand transparentlyoutput
(without the initial !); the text processor is otherwise waae of the links presence.This mechanism may be
used to pass control mrimation to a post processor or to imbed control lines in a macro created bgrsiafiv

Request Initial If No
Form Value Argument  Notes Explanation
.output string ignored Write string directy to intermediate output, regardless of

whether thereis a current digrsionor not. string is read in
copy mode, and an initial double quote is discarded.

10.7. Transpagnt output.The segence X anything copiesanythingto thetro output, as a device control func
tion in the brm x X anything ( 26). Escape sequences amythingare processed.The seqience Yx, Y(xx, or
Y[xx{ copies the contents of thérieg or macrox, xx, or xxx, respectiely, to the output as a device control
function without processing escape wegces. Bwlines in the macro are embeddedthe output. nro discards
transparent output sequences and their contents.

10.8.Comments and concealed ries. An uncombrtably long input line that musttay one line (e.g. a&tring

de nition, or no lled text) can be split into many psical lines by ending all but the last one with the escape
The seqience (newline) is alwaysignored ex cept in acomment. Commentsmay be imbedded at thend

of any line ly prefacing them with . This form does not conceal thewline at the end of the commentA

line beginning with  will appear as a blank line and begbdike .sp 1, a comment can be on a line by itsejf b

beginning the linewith . . Theform # includes the ngline as part of the commentit thus e ectiwely acts

like a concealed méine in concatenating thelfowing line immediately to the current line.
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11. Local Horizontal and Vertical Motions, and the Width Function

11.1.Local Mdions. The functionsv N and h N can be usedof local vertical and horizontal motion respec
tively. The diganceN may be negtive; thepositivedirections arerightward and downward A local motion is
one containedvithin a line. To avoid unexpected ertical dislocations, it is necessary that tiet vertical local
motion within a word inlled text and otherwise within a line balance to zerdhe abo/e and certain other
escape sequences providing local motion are summarized iollthwirig table.

RERRRARRRRARRRE RN RRRR R RRRRARRRA AN A N SRRRRRRARRRR RN
Vertical E ect in Horizontal E ect in

HIEBEMIEATI TS IFBS TS TS TS PPPE S SSPERE MTHIT S SFIIF S S S SS TR S $S

Move diganceN

N iganceN h N
ssosebossssslBiEsUSR8 assosnnes9s8 L 0 rechiatle cpace size space

W Paddable no break space
u em up line up igit si e
| M et wesfssssssssiititisliitissssssssssssss
r 1emup 1 line up 1/6 em space ignored

B T T R N RN

As an sample,E2 could be generated by the seqceE s 2v 0.4m 2v 0.4m s+2 ; note that the 0.4 emexti
cal motions are at the smaller size.

11.2. Widh Function. The width function w string generates the numerical width sifing (in basic units). Size
and font dangs may be saly imbedded instring, and will not a ect the current eironment. Br ecample,
i w fB1. u could beused to tempordy indent leftward a distance equal to the size of thags 1. in
font B.

The width function also sets e number regters. Theregigersst andsb are set respectly to the highest and
lowes extent ofstring relative to thebaseline; then, forxample, the totaheight of the gring is n(stu n(sbu.

The regitersrst andrsb are set respectly to the highesand laved visual extent oftring relative to the base

line, i.e. to the maximum and minimum extent of yhealue of any bounding box of the characterstiing. In

tro the number regier ct is set to a value betweena@d3: 0 means thaall of the characters istring were

shot lower case characters without descenderg @)k 1 means that at leasne character has a descendere(lik
y); 2 means that at least one character is tak @i; and 3 means that both tall characters and characters with
descenders are present.

The .w number register contains the width of the previous character independently of thedumidtbn. Simi
larly, the .cht and .cdp regiders are set respeatly to the highest and Wgeg visual extent othe previous ltar
acter relative to the baseline.

11.3. Mak horizontal placeThe escape sagnce kx will causethe current horizontal position in theénput line
to be sored in regiger x. As an ample, the corteuction kxword h  nxu+3u word will emboldenword by
badking up to almost its beginning andeopiinting it, resulting inword. Likewise, k(xx and k[xx¥ will store
the horizontal position in reder xx or xxx, respectiely. The hp number register also holds the currentitmm
tal position in the input line.

12. Owerstrike, Bradet, Line drawing, Graphics, and Zero width Functions

12.1. Overstriking Automaticaly centered eerstiking of up to nine haracters is provided by tlewerstrikefunc
tion o string . The characters irstring overpinted with centers aligned; thistal width is that of the widés
character. string may not contain localvertical motion. As examples, oe producese, and o (mo (sl pro
ducesv

12.2. Zero widh dharactess and #rings. The function zc will output ¢ without spacing eer it, and can be used
to produce left aligned werstru& combinations. As examples, z (ci (pl will produce Q and (br z (rn (ul (br
will produce the smallest possible ctmsted bd$ .

The function Z'string" prints string in no Il mode and restores the horizontal areltical position aftewards.
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12.3. Lar@ Brackets.The Special Font contains a number of keadcongruction pieces (.. t EZ 1+~ < f)S
that can be combined intarous brag&et dyles. Thefunction b string may be used to pile up ertically the
characters irstring (the rst character on top and the last at the bottom); the charactergréicaly separated
by 1 em and the total pile is centered 1/2emvabthe current baseline ( line innro ). For example,

b (Ic(fE b (rc(f x 0.5m x0.5m producest<S.

12.4.Line drawing. The function | Nc (badslash ell) will draw a &ing of repeatedt's tovards the right for a
distanceN. If c looks like a continuation of arxpression forN, it may insulated fromN with a &. If cis
not speci ed, the (baseline rule) is used (underline charactenrim ). If N is negtive, a bakward hoizontal
motion of sizeN is madebeforedraving the $ring. Any space resulting from\/(size ofc) having a remainder
is put at the beginning (left end) of thigisg. If N is less than the width af, a singlec is centered on a dis
tanceN. In the case of characters that are desigioede connected such as baselimer , underule $, and
rooten , the remainder space isveoed by @erlapping. If N is lessthan the width oft, a singlec is centered
on a disanceN. As an &ample, a macro to underscoretang can be witten

.de us
$11 O(ul

or one to draw a box around sy

.de bx
(br $1 (brl O(n I O(ul

sud that
.ul under lined words
and
.bx wor ds in a b
yield $HHBHBRREEBHSHN T SRIBBIBSS BB S

The function L Nc draws a ‘ertical line consisting of the (optionalharacterc stacled \ertically apart lem
(1 line innro ), with the rst two characterswedapped, if necessgrto form a continuous line. The default
character is thdox rule ( (br); the other suitable character is theld \ertical = ( (bv). Theline is begun
without any initial motion relative to the current bdee. A positive N speci es a line drawn denward and a
negativeN speci es a line drawn upard. Afterthe line is draen no compensating motions are made; thaans

R I S S B R A R B8 5 55 53 5 S ST S S ST TS ET TS STHS ST TS STTES SIS STTESSESSTSSSSE$S
The horizontal and ertical line drawing functionsamay be used in combination to producegdaboxes. The
zero width box rule and the em wide underrulewere designedo form corners when using 1 enertical spac

ings. For example the macro

.de eb

sp 1 com pensate for next automatic base line spacing

.nf av oid possibly aver o wing word bu er

h.5nL naull n(lu+ln(ul L nau+l | Ou.5n (ul dra w box

fi

will draw a box around some text whose beginnimgtical place was s&d in numberregiger a (e.g. using
RS ER VR T R T NIV R RRARARAARARAR AR N AN ANRRRAAARRRARARAR AN AR AR AN

12.5. Graphics.The function D c... draws a graphic object of type according to a segnce of parameters,
which are g@neraly pairs of numbers.

DI dh dv draw line from current positionybdh, dv

D p dhl dvl dh2 dv2 ... drav polygon, i.e. a line talhl, dv] then todh2, dv2 then ...
Dcd draw circle of diameted with left side at current position
Deuv draw ellipse of diameters andv
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Daabcd draw arc from current position ta c,b d, with center af, b from current position
DWabcd. drav B spline from current positionyba, b, then ly c,d, then ly c,d, then ...

For example,D e0.2i 0.1i draws the ellipse—, and DI.2i .1i DIL1li .1i the line —"\. A D with an
unknown c is processed and copied through to the outputufispeci ed interpretation; coordinates are inter
preted altematey as horizontal andertical values.

Numbers taken akorizontal (rst, third, etc.) have default scaling ofm; vertical numbers (secondotrth, etc.)
haw default scaling of (1.3). The position after a graphical object has beemwnris at its end; for circles and
ellipses, the “end" is at the right side.

13. Hyphenation.

Automatic hyphenation may be switched o and owhen switched on withhy, several \ariants may be set.
A hyphenation indicatr character by defult %, may be imbedded in aond to specify desiredyphenation
points, or mg be pre xed to suppressyphenation. Thecharacter : indicates that a line break may optiogall
occur at a point, but that no hyphen is to eeagated. Iraddition, the user may specify a smalt li§ excep
tion words.

Only words that consist of a central alphabetiing surrounded Yo (usually null) non alphabetictrings are
considered candidates for automatigplmenation. Wless the set of optional linereak characters is othdse
con gured, words that contain hyphens (minus), em daslfem), or hyphenation indicator characters ahways
subject to splitting after those characters, whether automatic hyphenation is on or o .

Request Initial If No
Form Value Argument  Notes Explanation

.nh hyphenate E Aitomatic hyphenation is turned o .

.hy N onN=1 onN=1 E Automatic hyphenation iturned on ér N«1, or o for N=0.
If N=2, last lines (ones that will cause a trap) am®t
hyphenated. & N=4 and 8, the ldsand rst two characters
respectivgl of a word are not split o. For N=16 and 32,
the last andrst characters respectly of a word are allwed
to be split o; this is only e ective for explicit phenation
points speci ed with%, :, or hw. Thesevalues are addite;
i.e. N=14 will invoke the three résctions. Thecurrent \alue
is available in the.hy number regiter.

.hylang nameo 0 E Set the hyphenation language tmme which is one of
de_DE de_DE@traditional, en_US fr FR, it IT, orla_VA.
Other languages can be maalilable by adding yphenation
les to the directoy /usr/ucblib/doctools/hyphen If no name
argument is present, theypphenation is reset to the traditional
tro medanism. Thecurrent alue is &ailable in the.hylang
number regier.

This reaqies also makes parts of ods composed yb
or (em characters subject to hyphenation, unlegkemise
de ned eplicitly with the .nhychar requet Traditionally,
the only hyphenation points in suchomds had been the
hyphens/dashes.

.shcc E Set the soft hyphenationharacter i.e. the character that is
inseted at the end of a hyphenatedrd: The current soft
hyphenation character ivailable in the.shc number regiter.

.hcodeabcd... E Hyphenation code.When determining the hyphenation points
for an input wrd, a is mapped tob, etc. When no typhe
nation code is specied for gharacter it is mapped to its
lowercase anant if necessat and the “long" c haracter is
mapped to a “round'.s
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.hylen N 5 5 E Hyphenate only words of at lgad characters in length.The
current value is ailable in the.hylen number regiter.

.him N o] o] E Maximum number of consecuévhyphenated linesEad time
a line is hyphenated automatigalthe count of consecusv
hyphenated lines (accessible in thtdc number register) is
incremented; whewer a line is notautomatically fiphenated,
it is reset to zero. This requed allows to set a limit on
the maximumnumber of consecutive hyphenated lines; when
the count of consecutive lines has test the maximum, the
current line is not yiphenated. Thalefault is no limit. The
current value is accessible in ttidm number regier.

.hyppNMLOOO 000 E De ne hyphenation penaltieof ad p mode. Ewery inseted
hyphen is given a penalty & when computing optimal break
points; each hyphen that islibwed by another hyphen gets an
additional penalty oM. A hyphen that is insexd in the las
word of a paragraph gets additional penalty of.. A value
of zero means no penaltyE ective penalties correspond to
values between 10 and 200‘he current values arevailable
in the .hypp, .hypp2, and.hypp3 number regiters.

.breakchar c. o] E Optional line break lwaracters. Aline ma always be split
after one of theseharacters. Theurrent set of optional line
break characters isvailable inthe .breakchar number regis
ter.

.nhychar c... o] E Hyphenation inhibiting baracters. Aword thatcontains one
of the daractersc... is not hyphenated xeept thatit may be
split across lines if one dhese characters is also an optional
line break baracter The current sebf hyphenation inhibiting
characters is\ailable in the.nhychar number regigr.

.hcc % % E Hyphenation indicator character is setdor to the dedult
%. Theindicator does not appear in the output.

.hw word1 ... ignored Specify hyphenation points in ords with imbedded minus
signs. \érsions of a word with teminal s are implied; i.e.
digit impliesdigits. Thislist is xkamined initialy and after
ead su x stripping.

14. Three Part Titles.

The titling functiontl provides for automatic placement of thredds at the left, center, and right of a line with
a title length speci able witht. tl may be used anywhere, and is independent of the normal text collecting pro
cess. Acommon use is in header and footer macros.

Request Initial If No
Form Value Argument  Notes Explanation

Al left center right The drings left, center andright are respectisly left adjuded,
centered, andight adjuged in the current title length Any of
the drings may be empty, andrelapping is pemitted. If the
page number character (initigll%) is found withinany of the
elds it is replaced by the current page numbevitg the br
mat assigned to regés %. Any character mabe used as the
string delimiter

.pcc % o] The page numberharacter is set to, or remeed. Thepag
number register remairts .
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t cN 6.5in previous En Length of title set tacN. The line length and the title length
are independent Indentsdo not apply to titles; pa&g sets
do. Thecurrent value is\ailable in thelt number regier.

15. Output Line Numbering.

Automatic sequence numbering of output limeay be regesed with nm. Whenin e ect, a three digit,
arabic number plus a digit space is prepended to output text lifies.text lines arethus o set by bur
3 digit spaces, and otherwise retain their line length; a reduction in line lengthbenaesired to keep the
right margin aligned with an earlier ngam. Blank lines, other egrtical spaces, and lines generatgdtb
are not numbered. Nmbeing can be tempordy suspended witmn, or with an.nm followed by alater
6 .nm +0. In addition, a line number indett and the numbeext separationS may be speci ed in digit

spaces. @rther it can be speci edhat only those line numbers that are multiples of some nuMbae to
be printed (the others will appear as blank numéleis).

Request Initial If No
Form Value Argument  Notes Explanation

.nmcNMSI o] E Line number mode. If cN is given, line numbering is
turned on, and the next output line numberednisnbered
cN. Default values areM=1, S=1, and |=0. PRarameters
comresponding to missinqarguments are unaected; a non
numeic argument is considered missingn the absence of all
arguments, numbering is turned o; theext line number is
presered for possible further use in number régid.

.nn N N=1 E The nat N text output lines are not numbered.

9 As an @ample, the paragraph gimms of this section are numbered with= 3: .nm 1 3 was placed at the
beginning;.nm was placed at the end of thest paragraph; andhm +0 was placed in front of this para
graph; and.nm nally placed at the endLine lengths were alsohangd (ty w 0000 u) to keep theight

12 side aligned. Anotherexample is.nm +5 5 x 3which turns on numbering with the line number of thatne
line to be 5 greater than thast numbered line, witM= 5, with spacingS untouted, and with the inderit
set to 3.

16. Conditional Accepiance of Irput

In the bllowing, c is a one baracter built in condition name,! signi es not, N is an integer numericalxpres
sion, F is a oating point epression,stringl and string2 are $rings delimited by any non blank, non nunter
charactemot in the s$rings, andanythingrepresents what is conditionally accepted.

Request Initial If No

Form Value Argument  Notes Explanation

if ¢ anything If condition c true, acceptinythingas input; in multi line case
use {anything }.

.if 'c anything If condition c false, accepanything

.if N anything u If expressionN > 0, accepanything

if IN anything u If expressionN | O [sic], acceptanything

if fF anything u If oating point expressionF > 0, acceptnything

if If F anything u If oating point expressionF | 0 [sic], acceptanything

Jif stringl string2 anything If stringlidentical tostring2, acceptanything

{if I stringl string2 anything If stringl not identical tostring2, acceptanything

.ie ¢ anything u If portion of if else; all of the drms br if abowe are walid.

.el anything Else portion of if else.
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.while ¢ anything

.break n 1

.continue n 1

The built in condition names are:

Heirloom Documentation Tools

Execute anythingwhile c is true; all of theforms fr if above
are \alid. anythingis stored in an unnamed temporary macro
ead time awhile loop is prepared forxecution.

In the multiline case, the} temminating the loop must be
placed at the end of a line.

When anything is copied to the macro, neither copy mode
nor regular escape interpretation gppReferences to number
regigers, #rings, etc. must thus be itten using a single
escape character unless tivhile reques is containedin a
macro de nition.

Neged loopswill result in many macro de nitions and ma
slow down eecution, especially if their body is t&. Recur
sive macros (10.6) do not su er from this problenin con

trag to recursive macro calls, there is no mechanism to ter
minate a loopautomatically when a repetition limit has been
reated. Incase of doubtan explicit limit termination condi
tion should be added to pent endless loops.

Break out ofn nestedwhile loops, or terminate the ment
loop if no argument igyiven. Itis not necessary that all of
the loops are contained within the same macro; if there are
ary macros recuting inside the specied loop, control also
retums from these macrosln case of a non positive or non
numeic agument,n1 is assumed. If the number of leels
requeged is greater than theumber of loops cuently execut

ing, control returns to the highest non loopingele

Continue at thenth neted while loop, or continue the crent
loop if no argument is gen. Execution resumes with the tes
of the speciedwhile loop; if this test fails, the raged is

e ectively like break. continue also returns from all inside
macro calls until it has reached the speci ed lodp.case of

a non positive or non numeric gument,n1 is assumed. If
the number of kels regeded is greater than the number of
loops curently executing, control returns to the highest non
looping level, and no loop is continued.

BTSSP STETISSTEIISSTEIESSTEIISSTEI$SSEES

Condition

BEHEPIS S S S S SSSSSS TIEB IS SSSSSSS

cG

d xx
r Xx
o}
e
t

characterG exids in the currentdnt,
where G is either anASCII or local
ized input baracter a tro special
character (xx or [xx¥, or a UX
escape semnce

there is a reged, macro, or ging xx
number regi®r xx has been accessed
Current page number is odd

Current page number is/en

Fomatter istro

BT SSSS ST BB IS BEBS S S S SSSSSSSSSSSSSSS

If the conditionc is true, or if the numbem is greater than zero, or the $rings compare identically (includ
ing motionsand character size andnt), anythingis accepted as fiut. If a! precedes the condition, number, or
string comparison, the sense of the acceptancevéssed.
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Any spaces between the condition and ltleginning ofanythingare skipped wer. The anythingcan be either a
single input line (text, macro, or wha&) or a number of input linesln the multi line case, thast line mus
begin with a left delimiter{ and the last line must end with a right delimifer

The reqestie (if else) is identical toif except thatthe acceptance state is rememberéd.subsequent and
matchingel (else) regeg then uses the verse sense of thatase. ie el pairs may be nésd.

Some &amples are:
.if e .tl Even Page %
which outputs a title if the page number ize; and

e n%>1 {
sp 0.5i

1l Page %
sp 1.2i }
.el .sp 2.5i

which treats page 1 di erently from other pegy
17. Ervironment Switching.

A number of the parameters that control the text processingasinered together into @amvironmentwhich can
be switched by the usefThe environment parameters are those associated wittedeqioting E in theilNotes
column; in additionpatially collected lines and words are in thevieonment. Eerything else is global;»xam
ples are pagoriented parameters, dixsion ofented parameters, number registers, and macro tand sle ni
tions. All environments are initializedith default parameteralues. Thenumber of possible environments is
only limited by aailable memoy.

Inside each environment, a smaller set of parametenssftheinline envionment Theseare: the current and
previous point size,as set ¥ ps and s; the current and previous font, as sgtfb and f; the control and
nobreak control ltaracter as set ¥ cc and c2, respectiely, the optional hyphenatiorharacter as set § hc; the
hyphenationag, as set i hy; the tab and leader repetiti@maracters, as sey loic andIc, respectiely; and the
default line breaking penalty, as set . The inline ervironment is pushedyb @{, meaning that the crent
values of these parameters amed. Whena @} occurs, the last pushed inline environment is popped, mean
ing that the previous values of the parameters ateregs Inlineenvironments can be nested to arbitrary depths.
They dier from sO and fP since they érm a sadk. Thus,the current font is ~B" again after the smmce

T B... @{fR... @{fl... @}... @}" , but I" after the sequence " fB... fR... fl... fPfP".

Request Initial If No

Form Value Argument  Notes Explanation

.ev name name0 previous Ervironment switched toervironment name Switching is
done in push down fashion sthat retoring a pre&ious
environmentmustbe done with.ev rather than speci c ref
ence. Mte that what is pushed down and restored is the
environmentname,not its contents. The name of the cuent
ervironment is gailable in the.ev number regiter.

.evchame Cop y the emironmentnameto the current enronment. The

temporay state of the cuent environment is reset, and
incompletely lled lines are discarded.

18. Insertionsfrom the Standard Input

The input can be temporbr switched to the sfemstandad input with rd, which will switch back whernwo
newines in a row are found (thextra blank line is not used).This medanism is intended for insertions in
form letter like documentation.The standad inputcan be the user keyboard, apipe or a le.
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Request Initial If No

Form Value Argument  Notes Explanation

.rd prompt prompt=BEL Read insertion from thetandard input until two méines in
a rav are bund. If the standard input is the userkey
board, prompt (or a BEL) is written onto the user teminal.
rd behaes like a macro, and arguments may be placed after
prompt

.ex Exit from nro /tro. Text processing is terminatecaztly as

if all input had ended.

If insertions are to be taken from the terminaylboardwhile output is being printed on the terminal, tbem
mand line optiong will turn o the echoing of leyboard input and prompt only witBEL. The regular iput
and insertion iput cannotsimultaneous! come from the standardpuat.

As an gample, multiple copies of aim letter may beprepared by entering the insertions for all the copies in
one le to be used as the standard input, and causiey le containing the letter to reike itself usingnx
(19); the process would ultimately be ended byearnn the insetion le.

19. Input/Output File Switching

Request Initial If No

Form Value Argument  Notes Explanation

.S0 lename Switc h source le. The top input (le reading) leel is
switched to lename. Whenthe nev le ends, input is agin
taken from the dginal le. It is a fatal error iflename can
not be openedscs may be nded.

.psostring Execute string and read its standard output as teyuin

.nx lename end of le Next le is lename. Thecument le is considered ended, and
the input is immediately switched tiename.

.Sy string Ex ecute program fronstring, which is the rest of the put
line. The output is notcollected automaticall The number
register$$, which contains the process id of ttte process,
may be useful in generating unig lenames for output.

.pi string Pipe output tostring, which is the rest of the input lineThis
reques must occurbefore ary printing occurs; typically it is
the rst line of input.

.cf lename Copy contents ofle lename to output, completely upro
cessed. Thele is assumed to contaisomething meaningful
to subsequent processes.

.openstream lename ignored Open lename for writing while truncating »sting contents
and associatestreamwith it for latter use withwrite etc.

.openastream lename ignored Like open but appends tolename instead of truncating an
existing le.

.write stream text ignored Write textto le stream which must hee been obtained by a
previousopen request. textis interpreted ircopy mode.

.writec stream text ignored Like write but does not write a terminatingwiae.

.writem stream Xxx ignored Write contents of tsing, macro, or digrsionxx. No newline
is appended, so ix is a $ring, the output doesot teminate
with a navline.

.closestream Close thele stream which must hee been obtainedyba pre

vious open request.
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20. Miscellaneous

The Vx, V(xx or V[xx{ escape sequence causes the value okthk& or xxx ervironment \ariable, respec
tively, to be pinted. Itis interpreted ircopy mode.

Request Initial If No
Form Value Argument  Notes Explanation

.mccN 0 E,m Speci es that amargin characterc appear a dianceN to the
right of the right margin after each non empty text linecépt
those producedybtl). If the output line is toolong (asan

happen in noll mode) the character will be appended to the

line. If N is not given, theprevious N is used; the initiaN
is 0.2inches innro and 1lem intro. The margin baracter
used with this paragraph was a 12 poink bae.

pfx string o 0 E Set the line pre x tostring. “Wheneer a new output linés
“started,string is then printed at its beginningront and size
“settings as well as automaticdigres instring are retained
“recardless of later mnges. Thisrequed is mainly usefulto
“implement a hi®ric form of block giotation. Thecumrent
“value is @ailable in the.lpfx register."

.tm string newline After skipping initial blanksstring (reg of the line) is read in
copy modeand written on the standardrer.

.tmc string newline Like tm but does not write a terminatingwiae.
.nop remainder of line Use remainder of lineas irput.

.ab string newline After skipping initial blanks,string (reg of the line) is read
in copy modeand written on the standardrer. tro or nro
then «it.

igyy Yy=.. Ignore input lines.ig behaes aactly like de ( 7) except that
the input is discarded.The input is read incopy modgand
ary auto incremented registers will be a ected.

If N lename Set line number tdN and lename to lename for puiposes
of subsequent error messages, eihe numberregister [sic]
.F contains the name of the currenpum le, as set by com
mand line aguments,so, nx, or If. The number regigr .c
contains the number of input lines read from therenur le,
agpin perhaps as modi edydf.

pmt all Pr int macros. The names and sizes of all die de ned mac
ros and ®ings are printed on the standard errort i§ given,
only the total of the sizes is ipted. Thesizes is given in
blocksof 128 taracters.

Al B Flush output bu er Force outputincluding any pending posi
tion information.

21. Output and Error Messages, Debugging.

21.1.0utput Messags. The output fromtm, pm, and the prompt fronnd, aswell as \ariouserror messags are
written onto the standardrer. The latter is di erent from thestandad output where drmatted t&t goes. By
default, both are written onto the useterminal, but they cabe independently redirectedAn error messag
additionaly includes the line number where the error occurred, theemuirput le name, the current pfsi
cal output page number (if any), and the names ofrtaeros in the frames of the currereeution akk. The
errprint reques allows to write custom messages in the saonmét.
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21.2. Warnings. nro andtro provide a mechanism to enable or disablemings for seeral categdes. When

one of the selected conditions occursyarning messag is written inthe samedrmat as an error message, but

processing continues.
AR AR L A NN AR AN AR

R S R T R G L R A S

0 none No wamings at all.
1 char Wam when unknown character nameslikkx or [xxx] are bund.
2  number Wam when illegal numericalx@ressions occur.
4 break Wam when a line inad b mode cannot be adjiesl.
8 delim Wam when a delimiter to an escape sequence is missing.
16 el Wam when ael requesis found without a making ie.
32 scale Wam when an unde ned scale indicator is used in a nigaler
expression.
64 range Wam when an argument is out of rang
128 syntax Wam about gegionable syntax in numericakpressions.
256 di Wam when adi reques is executed but no darsionis curently
active.
512 mac Wam when an unde ned regg, macro or 8ing is called.
1024 reg Wam when an unde ned number register dscessed.The number

regider will be set tozero immediately after thest access so this
waming can be printed only once per register name.
4096 rightbrace Wam when a} terminates a numericakpression.

8192 missing Wam when a required argument to aueg is missing.
16384 input Wam when illegal byte sequences or characters thea ha knevn
PostScipt equivalent are read.
32768 escape Wam when an unde ned escape sequence is used.
65536 space Wam when an unknown long ragg name is usedbut its rst two

charactersdrm a known regular regd. Theregular reges is then
executed in extensionv\el 2, or ignored in extensionve 3.

131072 font Wam when a font cannobe bund. Thiswaming is enabled Yo
default.
all All wamings eceptdi, mac, andreg. This may be the besthmice

when using ®isting macro pakages.
BTSSP SSI ST SSHU Y SBTOISSF TSI SSFSSSISSPPFS IS SSFSSSISSSSSSISSSSS

21.3. Errors. Various error conditions may occur during the operationrodb andtro. Cettain less saous
erors having only local impact do not cause processing toirtate. o examples arevord over ow, caused
by a word that is too lge to t into the word buer (in Il mode), andline over ow, caused by an output
line that gew too lage to t in the line bu er; in both cases, a message is printed,otkading excess is dis
carded, and the aected word or line is marked at the point of truncation witlnanro and a<= in tro.
Processing continues if possible, on the grounds that output useful for debugging may be pridacsstous
efror occurs, processing terminates, and an appropriate messagaedd, plong with a list of the macro names
currenty active. Examples are the inability to create, read, oitavies, and the &ceeding of certain intagal
limits that make future output unély to be useful.

21.4. DebuggingStrings, macros, and number registers bamwatched Wheneer a ©lang of a vatched object
occurs, or wherhe object is renamed, rewaal, or aliased, a noti cation message imf@d. Itis formatted lile
an eror message and includes the name of the current (or last previous),réte name of the objects a ected,
and, in case of ahang, the new contents of the object.

When an object is remed, watching is disabled. If an objectof the same name is created later, it is not
watded unless atching is eplicitly enabled for it agin.
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Request Initial If No
Form Value Argument  Notes Explanation

.warn cbits name w Control waming messages, which snde given either numer
ically as bits or symbolically as name&Vith a + sign, the
respectie bit or name is enabled in addition to therently
enabled categ@s; with a sign, it is disabled. Omitting
the sign sets the categoriesaetly to the gien bit or name.
.warn O disables all \amings. The.warn regider represents
the curently activated vaming categories as bits.

.Spreadwarn N toggle m Set or toggle a limit that causes veaming to be pinted
when it is @ceeded by the adjustment that is computed f
the current output line irad b mode. Thelimit is initially
3m, but the vaming message is disabledCalling this reqiest
without an argument toggles theaming message; calling it
with an agument enables theaming and sets the limit t®l
(default scale m).

.errprint string newline Print string like an error messag

watchxx o ignore N otify on chang of dring or macroxx. If xx does not xist,
it is created as an empty macro in order tatdw future
changes.

.unwatch xx o ignore Disable noti cation for #ring or macroxx.

.watchlength N ignore On dang, report the contents of macros ardngs up to
length N. When N is zero or small, pnting of macro and
string contents is disabled.

watchnR o ignore N otify on dhang of regiter R If R does not ®st, it is
created in order to ach future dangs. No e ect on read
only registers and some of the prede ned general tengis

.unwatchn R o ignore Disable noti cation for regiter R.

22. Color Support

While tro does not support colors dirggtdpostis able toembed arbitrary &stScipt color ingructions using
the X SetColor: color escape segnce. Bssible valuesoir color include:

" named colot, e.g. “red" Named colors RGB only) must be listed in the ““colordict" dictionary ire
/usr/ucblib/doctools/font/devps/postscript/color.ps Every color agument that begins with a letter is treated
as a named color

" red geen bluergh", e.g. 7.2 .3 .4 rgb" 1igb is an abbreviation for theoBtScriptsetrgbcolor operator)

" hue saturation brightnesksb', e.g. ~.5 .6 .7 hsb"HKsb is an abbreviation for theoBtScriptsethsbcolor
operator)

" cyan magenta silow blak cmyk”, e.g. .1 .2 .3 .4 cmyk" dmyk is an abbreviation for theoBtScript
setcmykcolor operator)

 gray setgray', e.g. ~.5 set@qy"

[ $setcolorspack compl comp2.. compnsetcolor, where $setcolorspacemay be a BstScipt procedure
de ned in the setup section using a ~ X PSSetup: $setcolorspack Hind def' escape segence. This
parameter is required if the color spatangs in the documentOthemwise, it may be su cient to install the
color space once in the setup section.

Ead parameter must be a number in the range between 0.0.@&ndh the most general case, the value of the
color argument is passed to th@d$?Scipt output without intgpretation.
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Both the text and b&ground color can be selectedd color agument of “¢olorl" on ““color2' prints text in
colorl on a bakground incolor2.

The initial color is black in th®eviceGraycolor spacej.e. the same as 0 seg". Oncea color is in e ect,
it is re installed at the top of each output pag

The mcolor macro pakage adds another access method to the capabilities of color selectiorverse nédeo
printing. It includes thedllowing macro:

Request Initial If No
Form Value Argument  Notes Explanation
.CL color text RGB black Print text in color. No arguments restores a default color

(bladk in RGB color space; note that this is di erent from the
initial color). If textis omitted the selectedolor remains in

e ect until anothercolor is selected. If two arguments are
given thetextis printed incolor and then the datilt color is
restored.

23. Picture Inclusion

dpostcan be advised toclude other BstScipt documents into the output iegerates. Irgeneral, these docu
ments should b&PS (Encapsulated d&tScript) les; inclusion of more general ®tScipt documents, especigll
if they consist of multiple pages, will usually not lead to acceptable results.

If a PostScript le lacks page delimiting comments, the entire le is includedf no %%BoundingBox or
%%HiResBoundingBox comment is present, thpicture is assumed to Il an 8.5-11inch mag Nothing
prewents the picture from being placed o the pag

dposthandlesDSC font comments in the included les, but it canyslupply glyph data if a path to the respec
tive font le has previously been specied with @aro fp reques It is not necessary that the font is othise
used in thetro input tet. If dpostcannot refieve a matching font by this mechanism, it indicates this in the
%%DocumentNeededResourcexomment so that a print manager at a later productege sng include the
missing data.

An example how to combine thelfowing reqiess and macros is:

.psbb picture.eps

.nrf scale .25

.nrfy (nfurylp nfll y]p)* n[scale]
.nrf x (nfurx]p n[lIx]p)* n[scale]
.PI picture.eps nyu, nxu

.Sp nyu

pictur e descrigion

tro includes a regeg to assist the inclusion &PS les:

Request Initial If No
Form Value Argument  Notes Explanation
.psbb lename R ead the %%HiResBoundingBox DSC comment, or, if

no such comment isofind, %%BoundingBox, from the
PostScipt documentlename and assign the Veer left x coor
dinate to the oating point regisr lIx, the laver lefty coordi
nate tolly, the upperight x coordinate tourx, and the upper
right y coordinate taury. All values are in pointslf an eror
occurs, the registers are set to zero.
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The mpictures macros insert the necessary advicesigostto include PostScipt pictures intotro documents.
The macros are:

Request Initial If No
Form Value Argument  Notes Explanation

.BP source height width position o set ags labdbe ne a frame and place a picture in iThe arguments are:

source Name of a BstScipt picture le, optionally sux ed
with (n) to select page numberfrom the le (rst page by
default).

height Vertical size of the frame, dafilt 3.0i. This agument
is interpreted as a value in s unless it ends with @&
scale indicator

width Horizontal size of the frame, current line length b
default. This argument is interpreted as a value inhex
unless it ends with & scale indicator

position| (default),c, orr to left justify, center, oright justify
the frame.

o set Move the frame hdazontally from the oiginal position
by this amount, detult Oi.

ags One or more of:
a d Rotate the picture cléavise d degees, dedultd 90.
o Outline the picture with a ko
s Freey scale both picture dimensions.
w White out the area to be occupied by the picture.

I, r, t, b Attach the picture to the leftight, top, or bottom
of the frame.

label Placelabel at digancel.5v below the frame.

If there is room,BP lIs text around the frame. Everything
degined for either sideof the frame goes into a @ifsion to
be retieved when the accumulatedxtesweeps past the trap
set ly BP or when the diersionis explicitly closed ly EP.

BP is not recommended forxe lling in ad p mode since

its trap based mechanism may result in less optimal output,
and since it is not possible to de ne tehape of a complete
paragaph with the indrmation it has. Use a combination of
psbb, pshape andPI instead.

EP End a picturetarted ty BP; EP is usually called implicitly
a trap at frame bottomA picture and associated text silgntl
disappear if a diversion trap sey BP is not reabed. Call
EP at the end of the document to rete it.

.PI source heighwidth,yo set,xo set ags This low level macro, usedybBP, can help do more comple
things. Thetwo arguments not already described are:

xo set O set the frame from the left margin by this amount,
defaultOi. This argument is interpreted as a value inhex
unless it ends with & scale indicator

yo set O set the frame from the current baseline, measgr
positive davnward, deéult Oi. This argument is intgreted
as a value in inches unless it ends with scale indicator
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24. SpecialFeatures br PDF Documents

24.1.The basicstro does not direcyl generatePDF documents; thedpost pogprocessor generateogeScript
output which can be cwarted toPDF by utilities like Ghosscript's ps2pdfor Adobe Disiller. But it is possible
to include special advices to thi®rnversion program in @&stScipt using thepdfmark operator Sud advices
are generated automatically by somne requess, e.g. i cropat (3). Other advices can bgiven e&plicitly
using the X PS:... or X PDFMark: ... escape segnces.

24.2. PreparationsWhen generating PDF les, it isspecially important to set the papemiat using themedi
asizereques ( 3). This is because calculations PDF documents argeneraly performed in relation regard to
the page bottom, whildo perfoms its calculations in relation to the page tdfiling to set the papeofmat
correcty will thus usually result in ertical displacements d?DF speci ¢ elements.

24.3.Specifying document descriptioerits. PDF documents can include meta data abawthor, title etc. To
generate such data, use PBFMark device command oflpostwith thetro X escape segnce e.g.

X PDFMar k: Author My Name

X PDFMar k: K eywords Types#ing, PDF documents
X PDFMar k: Subject tro, dpost, and pdfmd¢c

X PDFMar k: Title Special éatues for PDF documents
br

Unicode characters are accepted in these tgrgs. Note that whitespace andwlses surounding X escape
seqiences are considered to be inputt tey tro, and need @reak before they are output.To avoid inset
ing super uous spaces or line breaks, specify thisrimition before an initialsp n[topmargin]u reques or the
like in the document.

24.4. Direct use of the pdfmark opeor. In cases wheréro or dpostdo not include anxlicit mechanism dr
PDF features, it is possible to call thefmark operator direcyl Examples are:

X PS: [ {Catalog} << /ViewerPreferences << /DisplgDocTitle true >> >> /PUT pdfmark"
This causes theDF viewer to print the document title (as i24.3) in the application titlebar instead of the
PDF le name.

X PS: [ /PageMode /UseOutlines /DOCVIEW pdfmak
This causes theDF viewer to display the bookmarks toolbar whitye document is openeddtherinteres

ing values ardUseNone(the deéult), /UseThumbs (display page thumbnails), anbFullScreen (open the
document in full screen mode).

X PS: [ /PageMode /RageN /View [/XYZ null null null] /DOCVIEW pdfmar k
PageN is displgred instead of thest page when the document is opened.

X PS: [ {Catalog} << /PagelLayout /TwoPageRight >> /PUT pdfmark
With this command, th@DF viewer displgs two pages at onceOther interesting values arisinglePage
(display one page at oncejOneColumn (display one page in continuous mode), affivoColumnRight
(display two pages in continuous mode).

X PS: [ /Label (tex) /PAGELABEL pdfmar k
The given ASCII text is shown next to the page number of the current page irPiffeviewer toolbar

This is paticularly useful to implement roman page number®DF documents in combination with tred
request.

24.5. Ceating bookmades. Bookmarks are usually shown by tR®F viewer at the left ofthe windeav. When
you createPDF les longer than adw pages for viewing on the screen, you shdaldude bookmarks for ehc
chapter or section because they enable the readevigateamuch more cerniently.

Start with a bookmark for thaitle pag. 0" is the Ieel of the bookmark in the treérscture, and theoflow
ing argumentsdrm the name of the bookmarkX PDFMar k: Bookmark O Title . Similar to the deséption
speci cations abwee, this bookmark should appear before the top margin of the titke pag

55



nro /tro User's Manual Heirloom Documentation Tools
September 17, 2007

When generating bookmarks for chapters and sectibissusually most practical to include the command in the
chapter/section macros:

.de CH

. bp
v 1lv4p X PDFMar k: Bookmark 0 $1
. sp n[topmarginju

ce
sp

.de SH

) ce

$1v 1v X PDFMar k: Bookmark 1 $1
sp

Unless the bookmark command occurs at the top of the page, it refers to the baseline of the text; this is why a
v 1v. command occurs before it in the section macrw.1lv 4p at the top of the page is a special value that
causes the upper left corner to bevahmo

The level of the rst bookmark in a document must bé level 0. The levels of bllowing bookmarks must be
either

one higher tharthe level of the previous bookmarkThe new bookmark then becomes a child of thevipres
bookmark.

equal to the lgel of the previous bookmarkln this casepoth bookmarks are grouped below treet previous
bookmark of therst higher level, or at the top leel for level 0.

low er than the leel of the previous bookmarkThis terminates the list of children of the highevdls.

As an gample, the dllowing level dructure is legal, and causes the PDFwmeieto group the bookmarks as
shown:

title page
Chapter 1
Section 1.1

1 Section 1.2

® Subsection 1.2.1
® Subsection 1.2.2
® 2 Subsection 1.2.3
®

®

‘® ® © O
-
NN

Section 1.3

Subsection 1.3.1
2 Subsection 1.3.2

0 Chapter 2

® 1 Section 2.1

0 Index

In case of an illegaltsucture in which the leel of a bookmark is raisedybmore than one abe its predecessor
dpostemits a vaming and assigns the highest legakle Howvever a garbled documentracture may result:

0
® 2 =3 the rst level 2 is corrected to lybdpost
® 2 so the second bookmark becomes a child ofrdte

N

Thus sub dpostwamings should usually be taken iseisly, and the document should be remted.

An alternate drm of bookmarks,X PDFMar k: BookmarkClosed ..., is available. Thesyntax is the same, but
the initial view in the treetsucture is collapsed, i.e. no children are shown bwudef It the bookmark has no
children, there is no di erence to a regular bookmark.
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24.6. Links.PDF documents can contain links that cause thaefigo jump to a certain location when the user
clicks on an area of the pagIntro, sud links can be built afiows:

The A string escape sequence de nes antaici.e. a location to jump to, with the namging (consising of
ASCII characters).

The actual link is built using v T escape sequences sumding the text thatofms the area to click on, e.g.:
T string text of linkT. string mud correspond to an anchor anywhere in the document.

The appearance of links can bleangd; links are nonally surrounded by an 1 point wide blue borddhe
color can be set usin'SetLinkColor: red geen blug, wherered, geen, and bluare values between 0 and 1.
The border can be set usingSetLinkBorder: bx by widh', wherebx andby de ne the horizontal andertical
comer radius, respectly, andwidth de nes the width.

25. gro Compatibility

Heirloom tro provides most of theextensions to théro languag introduced ingro 10. Consegently it is
possible to create documents, macro sets, and preprocessors that can be useth Wwi#iftoom tro and gro
and use functionality lyend the features that were supported by tradititnoal

Important di erences togro are: Theconcept of arinput lewel regarding delimiters in escapgequences and
macro arguments is not suppem. Controlcharacters are recognizetl the beginning of a lineven if preceded
by escape sequences that do not resulbimdtting stream objects, such &s s, or ;. Font handling, color
support picture inclusion, an®DF structuringare realized using di erent meanisms. Thelpostpost processor
does not recognize theX ps:... escape sequence (&X ps: command, respectly) that is used for pass
through BstScipt with the grops pog processor ofgro (dpostaccepts X'PS:... and x X PS:); the RstScript
output generatedybdpostis very di erent to that generatedybgrops. dposaccepts thegro draving command
extensions and sets the horizontal amdical positions accordingl but otherwise ignores line width, color, and
Il speci cations.

25.1.Conditional go compatibility. A requed is available to control additional functionsrfgro compatibility:

Request Initial If No
Form Value Argument  Notes Explanation
.CcpN o] Enable gro compatibility mode. This is the name ofgro's

own compatibility regeg with adapted semanticsRegard
less ofthe agument,gro compatibility mode is actated. If
N 0, compatibility with traditionaltro is decreased, and Heir
loom tro extension leel 3 is set. If N°0 or missing, com
patibility with traditionaltro is improved, and Heloom tro
extension lgel 1 is set. Thus.cp 0 results in maximungro
compatibility.

The cp reques sets the general number reégisg to 1 ingro compatibility mode and to O otheise. Thegen
eral number regier .C is only assigned by thep reques and corresponds to itsgament.
Any use of thex ag request disablegro compatibility and accordingly sets thgregiger to O.

The .X read ony number regi®r holds the current extensionvéd after cp as usual. It canthus be used to
detemine whether running undgro or in thegro compatibility mode of Heloomtro. Since they are read
write, any comenient value can then be assigned to.@and.g registers.

The .x and.y regiders are read write igro compatibility mode; they correspond to the emulajeal version
number Thecp reques sets them to 1 and 18, respeeljy

The .k number regi®r behaes dierently in gro compatibility mode: If the preceding textharacter was a
newine, the width of a space character is added tovéitee. If the previous line was interpted with c, the
length of the parally collected word (as in th&c number register) is part of thalue.

The space width alays defaults to the value obtained from the font fogtle in gro compatibility mode; the
spacewidthreques is not e ectiwe.
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If the le speci ed with a soreques cannot be opened, processing continues with themufe in gro compa
tibility mode.

A control or escape character written in a diversion has no special meaning if the diversion is regead in
compatibility mode.

Unless a &ing is interpolated with explicit arguments, the argumentthéosurrounding macro instance remain
visible and can be referenced by tiieescape sequence inside theng in gro compatibility mode.

Any call to thecp reques activates thedllowing gro compatibility escape sequences; any tallthe x ag
reques disables them.

The A'string' escape sequenclaiks whetherstring is acceptable as the name oftang, macro,number regis
ter, or font, and ealuates to "1' if it does and t60" otherwise. TheHeiloomtro anchomg escape segnce
A is not aailable ingro compatibility mode.

The / escape sequence inserts an italic correctionaigmall piece of horizontal motion (1/12em) that should
be sucient to separate an italic character from @ldwing roman baracter Similaty, , adds a left italic
correction, alvays a zero motion, that should be su cient to separate a roman character from an immediately f
lowing italic dharacter Both exist to provide basigro compatibility onl. It is otherwise recommended that
the kernpair reques is used for these purposes; it @lfoa moreexact optical separation since the shape of both
characters can be taken into account and also nlateseed to be be positioned directly in the input texveartye
occasion.

The Dp ... polygon drawing escape sgnceis altered such that the path is aj@ closed, i.e. if the last line
patt does not return to theasting position, an additional line is added that does.

The escape sagncesFx, F(xx, F[xx{, mx, m(xx, m[xx¥, Mx, M(xx M[xx{, are read but discarded in
gro compatibility mode since the corresponding concepts of font families and built in color suppartedge f
to Heiloomtro. All of them generate a aningof the escapecategory.

25.2.go compatibility macos. As an additional aid inofmatting documents thdiad oiginally been witten
with gro in mind, Heitoom tro provides themg compatibility macro pdage. Speci call:

.cp Ois executed, sdro is operated irgro compatibility mode at extensionvid 3.
The locale is set ten_US this assumes that input ¢po is corventionaly in thelSO 8859 1 encoding.

The hyphenation languagds set toen_US Sincebothgro and Heiloom tro then use the sameyphenation
algorithm and patterns dieed from TEX, it can be assumed that words are subject to hyphenatitire aame
points.

Thedel, aml, dsl, andaslgro reque$s are emulated usirde, am, ds, andas respectiely. It is not epected
that thegro compatibility macros are used torfnat documents that require compatibility with traditiommal.

Theftr requesis remaed since thgro reques with the same name provides completely di erent semantics.

fallback is used to emulatéspeciat these regeds should be compatibleNo emulation is providedof the spe
cial requeg all other fonts are searched for missing characters idodeirtro by defult.

track is used to emulatkf. Theserequeds are not completely compatiblérack does not a ect the lasthar

acter on a line and thus does not alter the visual length of liretiilkdoes;track is applied whendrmatting
an object de ned with thehar request;track needs to remain in e ecuntil all a ected characters ka been
physicaly output. Nevetheless, the replacement should su ce for most applications.

gro characters with te character names are mapped tstScipt character names using thlear request.

The bllowing macro is also provided as an emulation for theespondinggro request:

Request Initial If No
Form Value Argument  Notes Explanation
.msoname ignored Include the macro pkage name If the environment afi

able GROFF_TMAC_PATH is set,each of the colon separated
directoies in it is decled for the les name nametmac,
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mnametmac, and tmaname After this, the tandard tro
macro directories arehecled in the same ay. Oncea le
has been found, it is read in as with $s@requeg and the
seart dops.

26. Output Language.

tro produces its output in a langwathat is independent of any speci ¢ output deviceept that the numbers

in it have beencomputed on the basis of the resolution of the device, and the sizes, fonts, and characters that that
device can pint. Nevetheless it is quite possible to interpret that output on a di erent device, within théslatter
capabilities.

sn set point size ta, fractional parts (if any) ignored

s 23d.d set point size tal.d

fn set font ton

cc print characterc

Cname print the character calledame teminatenameby white space
CPSname print the character with the givero®Scriptname

Nn print charactem on current ént

Hn go to absolute horizontal position(n«0)

Vn go to absolute ertical positionn (n«0, down is positig)

hn go n units hoizontally; n<0 is to the left

vn go n units \ertically; n<0 is up

nnc mowe right nn, then pmt ASCII characterc; nn mug be eactly 2 digits
pn new page n begins set vettical position to 0

nb a end of line (inbrmation only no action); b space before linea after
w paddable word space (orfation only no action)

Dc ...n graphics functiorc; see belw

X..n device control functions; see belo

#..n comment

All position values are in units.Seqences that end in digitsust be dllowed by a non digit. Blanks, tabs
and navlines may occur as separators in the input, and are mandatory to separatectomms thatwould other
wise be confusedGraphicsfunctions, device control functions, and comments extend to thefehe line thg
occur on.

The device control and graphics commands are intended as open ended families, to be expanded aEheeeded.
graphics functions coincide directly with the sequences:

DI dh dv draw line from current positionybdh, dv

Dpabcd.. drav polygon, i.e. a line t@, b, then toc, d, then ...

Dcd draw circle of diameted with left side at current position

Deuv draw ellipse of diameters andv

Daabcd draw arc from current position ta c,b d, with center ag, b from current position
DWab c d... drav B spline from current positionyba, b, then ly c,d, then ly c,d, then ...
Dzabcd. for any othewz is unintepreted

In all of thesex,yis an increment on the aent horizontal andartical position, with down and right posiév
All distances and dimensions are in units.

The device control functions begin with then a command, then other parameters.

xTs name of typesetter s
xrnhv resolution isn units/inch;
h  minimum horizontal motion,y minimum vertical
Xi initialize
xfns mount bnt s on font positionn
x f n s lename ags lename contains metrics foroht s on positionn using ags
Xp pause can redart
XS stop done f orever
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Xt generate trailer imrmation, if ary

X Hn set character height m fractional parts (if any) ignored
x H 23 d.d set character height thd

X Sn set slant tm

X X any generated by theX and Y functions

X X BleedAt L T W H generated by theleedat request
X X CropAt L T W H generated by theropat request
X X HorScale percent scale letters harontally by percent(with the letadj request)
X X LC_CTYPE name sets theLC_CTYPElocale toname
X X PaperSizeW H n  generated by thenediasizeand papersizerequests
n is non zero ér mediasize

X X PS command embed BstScriptcommand

x X PSSéup command embed BstScriptcommandn global setup section

X X SedColor color chan@ piinting color

X X SupplyFont font le supply data fromle for PostScriptfont

X X Sync instructs to ush position and font infmation immediatgi
X X Track n gives a hint thatdllowing characters are trieed ty n units

interpretation is optional;dilowing positions are nothanged
X X TrimAt L TW H generated by th&aimat request
X any to be ignored if not recognized

Subcommands like “'i"* may be spelled out like init

The commandg T, x r ..., andx i fonts must be mounted loe¢ they can be user;s comes las Thereare no
other order regjrements.

The Dllowing is the output from "“hello, evid" for a typical printer, as described i27:

X T ps

X res 72000 1 1

X init

VO

pl

x font 1 R /usr/ucblib/doctools/font/devps/R.afm 4

x font 2 1 /usr/ucblib/doctools/font/devps/I._afm 4

x font 3 B /usr/ucblib/doctools/font/devps/B.afm 4

x font 4 Bl /usr/ucblib/doctools/font/devps/Bl.afm 4
x font 5 CW Zusr/ucblib/doctools/font/devps/CW.afm 4
x font 6 H /usr/ucblib/doctools/font/devps/H.afm 4

x font 7 HB /usr/ucblib/doctools/font/devps/HB.afm 4
x font 8 HX /usr/ucblib/doctools/font/devps/HX.afm 4
x font 9 S1 /usr/ucblib/doctools/font/devps/Sl._afm 516
x font 10 S /usr/ucblib/doctools/font/devps/S.afm 1028
s10

Tl

X X LC_CTYPE de_DE.utf8

H72000

V12000

ch

h5000ce

h4440cl

h2780cl

h2780co

h5000c,

wh5830cw

h7120co

h5000cr
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h3330cl
h2780cd
n12000 O
X trailer
V792000
X stop

tro output is nomally not redundant; size and fonhangs and position iofmation are not included unless
needed. Mvetheless, each page is nally self contained, for the benet of postprocessors that re ordeegag
or process only a subsefThex X PSSeéup command isan &ception from this rule; it is included only once at
the point where the corspondingX'PSSetup:...' escape segnce occurs.

27. Device and Font Description Files

The parameters that describe a output dEe name are read from the director
{usr/ucblib/doctools/font/desname each timetro is invoked. Thedevice name is provided by deft, by the
ervironment \ariable TYPESETTER, or by a command line gument T name The default deice name s,

for PostScipt output at a resolution of T0dpi. The pre de ned $ring .T contains the name of the udee.

The F command line option may be used toaog the default directgr

27.1.Device descrifion le. General parameters of the device are stored, one per linethean le
{usr/ucblib/doctools/font/desnamé&DESC, as a sequence of names aatligs. tro recognizes thesparameters,
and ignores any others that may be present for spedverdr

fontsn FGH ...Z

sizesst ...0

resn

hor n

vert n

unitwidth n

charset

list of multi characer characer names (djional)

The F G, ... are font names to be initially mountethe list of sizes is a set of integers representing some or all
of the legal sizes the device can produeeminated by a zeroThe res parameter gives the resolution of the
madine in units per ift, hor andver give the minimum number of units that can bevew hoizontally and
vertically.

Character widths for each font are assumed to be given in machine units at poinnitsizdth . (In other
words, a character with a width ofis n units wide at sizenitwidth .) All widths are integers at all sizes.

A list of valid character names may be introducgdltarset the list of names is optional.

A line whose rst non blank character ig is a comment. Except thatcharset mug occur last, parameters yna
appear in any order

Here is a subset of tHeESC le for a typical Postscipt printer:

# Description File for Postscript printers.

fonts 10 R 1 B BI CWH HB HX S1 S

sizes 456 7 89 10 11 12 13 14 15 16 17 18 19 20 21 22 23
24 25 26 27 28 29 30 31 32 33 34 35 36 38 40 44 48 54 60 72 0O

anysize

allpunct

afmfonts

Ic_ctype

res 72000

hor 1

vert 1

unitwidth 1
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charset
hy ct fi fl fF Fi FI dg em 14 34 12 en aa
ga ru sc dd -> br SI ps cs cy as os =. Id

rd le ge pp -+ ob vr rs dq
sq bx ci fa te ** pl mi eq |= *A *B *X *D
*C *Q *Z ul rn *a *b *x *d *e *f *g *y *i *k
27.2.Font descripion les. Note: This description applies to the olo device independent fontofmat. The

current version oftro usualy reads font metrics directly fromype 1, Opefiype, or TueType bnt les, as
descibed for thefp reques ( 2) and in the separate fonts manushgable from the project home pag

Ead font is described by an analogous dgdion le, which begins with parameters of ttfent, one per line,
followed by a list of characters and widthshe le for fontF is /usr/ucblib/doctools/font/desnaméeF.

name str name of font isstr
ligatures ... 0 list of ligatures
spacewidthn width of a space on thigrft
special this is a specialoint
charset

list of characer name, width, ascender/descender, ¢adle separated

The name and charset elds are mandatgr, charset mud be las. Commentsare permitted, as are other
unrecognized parameters.

Ead line fDllowing charset describes one character: its name, its width in units as described abo
ascender/descender amnation, and a decimal, octal orxaglecimal value by whicthe output device kms it

(the N “numbet of the character). Thecharacter name is arbityarexcept that  signi es an unnamedhar

acter If the width eld contains , the names a synonym for the previouharacter The ascender/descender
eld is 1 if the character has a descender (habgiew the baseline, l&ky), is 2 if it has an ascender (is tall,
like Y), is 3 if both, and is O if neitherThe value is returned in thet register as computed by thev function
(11.2).

Here are xcempts from a typical font desiption le for the same Bstscipt printer.

hy 33 0 45 hyphen \(hy
- " - 1s a synonym for \(hy

Q 72 3 81

a 44 0 97

b 50 2 98

c 44 0 99

d 50 2 100

y 50 1 121

em 100 0 208

_ 44 2 220 English pound currency symbol \N”220~
—_— 36 0 221 centered dot \N”221~

This sgs, for ekample, that the width of the lettaris 44 units at point size 10, the valueuwfitwidth . Point
sizes are scaled lindprand rounded, so the width afwill be 44 at size 10, 40 at size 9, 35 at size 8, and so
on.
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TUTORIAL EXAMPLES

T1. Introduction out becausesome part or whole word ditint on
it. If anything inthe footer and header thallbws
causes @reak that word or part word will beofced
out. In this and other >amples, regeds like bp
and sp that nomally cause breaks ar@voked using
the no break control daracter to avoid this. When
the header/footer design contains materialuiréag
independent text processing, thevieonment may be
switched, aoiding most interaction with theunning

Althoughnro andtro hawe by design ayntax rem
iniscent of edier text processors* with the intent
of easing their use, it is almost alys necessary to
prepare at ledasa small set of macro de nitions to
descibe most documents.Sud common érmatting
needs as pagmargins and footnotes are delibesatel
not built intonro andtro. Instead, the macro and
string de nition, number regier, diversion erviron
ment switching, page position trap, and conditional text.

input mechanisms provide the basis for uiened A more realistic gample would be

implementations. de hd header

The eamples tobe discussed are intended to be ifttl (rm (rn tr o cut mar k

useful and sonwehat realistic, but wn't necessaly if n%>1 {

cower all releant contingncies. Explicitnumeical sp 0.5i1 tl base at 0.5i

parameters are used in theamples tomake them o % center ed page number

easier to read and tdlustrate typical alues. In .ps restor e size

mary cases, number registers would really be used to .ft restor e font

reduce the numbeof places where numerical orf vs } restor e \s

mation is kept, and to concentrate conditiopatam sp 1.0i space to 1.0i

eter initializationlike that which depends on whether .ns turn on no space mode

tro ornro is being used. .

: .de fo footer

T2. Page Margins .ps 10 set foater/header size

As discussed in3, header and footer macros are ft R set font

usualy de ned to describe the top and bottom pag Vs 12p set base line spacing

magin areas respectly. A trap is planted at pag if n%=1 {

position O for theheader, and aN (N from the pag sp n(pu0.5il tl base 0.5i up

bottom) for the doter The simplest such de nitions 1 % } rst page number

might be bp
.de hd de ne header .-
: end de nition wh 1ifo
.de de ne f ooter which setsthe size, font, and base line spacing for the
bp headerfboter material, and ultimately restores them.
- end de nition The material inthis case is a page number at the bot
.wh 0 hd tom of the rst page and at the top of the remaining
wh lifo pages. Iftro is used, acut mak is drawn in the

which provide blank lnch top and bottom mar form of rooter's at each mai. Thesps refer to
gins. Theheader will occur on thest page, ony absolute positions tovaid dependence on the base
if the de nition and trap st prior to the initial  line spacing. Another reason for this in theobter
pseudo pag transition (3).In Il mode, the output IS that the footer is imked by printing a line whose

line that spings the footer trap was typicallprted ~ Vertical spacing sept past the trap position by pos
sibly as much as the base line spacindhe no

*For example: PA. Crisman, Ed.,The Compatible ifne Sharing spacemode is tuned on at the end dfd to render

System, MIT Press, 1965, SectioAH9.01 (Descripton of  ine ective accidental occurrences sp at the top of
RUNOFF program on MIT's CTSS stem). the running tet.
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The abwe method of rdering size, bnt, etc. presup
poses that such regds (that setpreviousvalue) are
not used in the running xé A better scheme is &a
and restore both the eent and previous values as
shawvn for size in thedllowing:

.de fo
.nr sl n(.s curr ent size
.ps
.nr s2 n(.s pre vious size
r est of boter
.de hd
. header stu
.ps n(s2 restore previous size
restore current size

.ps n(sl

Pag numbers may be printed in the bottom gmar
by a separatenacro tiggered during thedoters pag
ejection:

.de bn
M %

bo ttom number
center ed page number

.wh 0.5i 1v bn tl base 0.5i up

T3. Paragraphs and Headings

The housekeeping associated wittarthg a nev
paragaph should be collected in a pamgh macro

that, for @ample, does the desired preparagraph spac

ing, forces thecorrect font, size, base line spacing,
and indent, keks that enough spaceemains &r
mote than ondine, and regeds a temporary indent.

.de pg paragraph

br break

ftR for ce nt,

.ps 10 size,

s 12p spacing,

in 0 and indent

.sp 04 prespace

.ne 1+ n(.\u w ant more than 1 line
i 0.2 tem p indent

The rst break inpg will force out any previous par
tial lines, and must occuvefore thevs. The forcing

of font, etc. is pdly a defense ajnd prior error and
party to permit things like section heading macros to
set parameters gnlonce. The prespacing parameter
is suitable ér tro; a lager space, at least as big as
the output device artical resolution, would be more
suitable innro. The dwoice of remaining space to
teg for in thene is the smallest amount greater than
one line (theV is the aailable \ertical resolution).
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A macro to automatically number section headings
might look like:

.de sc section
. for ce font, dc.
.sp 04 prespace
.ne 2.4+ n(\Mu w ant 2.4+ lines
fi

n+S.
.nrsol init S

The usage iss¢g followed by the section headingxte

followed ty .pg. Thene teg value includes one line
of heading, 0.4 line in theolowing pg, and one line
of the paragraph x¢ A word consisting of the me

section number and a period is producedbégin the

heading line. The format of the number may bsget

by af ( 8).

Another commondrm is the labeled, indented para
graph, where the label progles left into the indent
space.

.delp labeled paragraph
-Pg

.in 0.5i paragraph indent
.ta 0.2i 0.5i label, paragraph
10

t $ltc 0 w into paragraph

The intended usage islp label ; label will begin
at 0.2inch, and cannot xeeed a lengthof 0.3inch
without intruding into the paragph. Thelabel could
be right adjusted aing 0.4inch by settingthe tabs
instead with.ta 0.4iR 0.51 The last line oflp ends
with ¢ so that it will become a part of thest line
of the text thatdllows.

T4. Multiple Column Output

The production oimultiple column pages requires the
footer macro to decide whether itasv irvoked ty
other than the last column, so that it will begin & ne
column rather than produce the bottom gvar The
header can initialize a column register thiat Doter
will increment and tds Thefollowing is aranged br
two columns, but is easily modi ed for more.

.de hd header

.nrclo 1

init column count
.mk mar Kk top of text
.de o footer
e n+(cl<2 {
.po +3.4i ne xt column; 3.1+0.3

It bac k to mark
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.ns } no space mode

el {

.po0 nMu restor e left margin
bp }

Al 3.1i column width
.nrM n(.o save left margin

Typically a portion of the top of thast page con
tains full width text; the rageg for the narower line
length, as well as anothemk would be madevhere
the two column output was to begin.

T5. Footnate Processing

The footnote mechanism to be described is used b
imbedding the footnotes in theput text at the point
of reference, demarcated by an initid and atemi

nal .ef.

.fn
Footnote text and control lines...
.ef

In the bllowing, footnotes are processedadnseparate
ervironment and digrted for later printing in the
space immediately prior to the bottamagin. There
is provision for thecase where the last collectezbff
note doesm completey t in the available space.

.de hd header

nrxo01

init f ootnote count
.nry 0 nb curr ent footer place
.ch fo nbu rese t footer trap
if n(dn .fz leftov er footnote
.de o footer
.nrdn O zer o last diversion size
dfonx {
el e xpand footnates in e/l
.nf ret ain vertical size
.FN footnotes
.rm FN delete it
if n(zfy .di endo verow diversion
.nrxo0 disable fx
ev } pop environment
bp
.de fx pr ocess dotnote over ow
if nx .di fy div ert over ow
.de fn st art footnote
.da FN div ert (append) footnote
el in environment 1
if n+x=1 fs if rst, include separator
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fi f ill mode

.de ef end footnote

.br nish output

.nrz n(.v sav e spacing

.ev pop ev

di end div ersion

.nry  n(dn ne w footer position,

if nx=1.nry ( n(.v nz)

uncert ainty correction
.chfo nyu y is negative
if (- n(nl+1v)>( n(.p+ ny)

.ch fo n(nlu+lv itdidn 't t

.de fs separator

I 1i 1 inch rule

br

.de fz get leftover footnote
fn

.nf ret ain vertical size
fy wher e fx put it

.ef

.nr b 1.0i bo ttom margin size
.wh 0 hd header trap

.wh 12i fo foo ter trap, temp position
.wh  nbu fx fx at f ooter position
.chfo nbu conceal fx with fo

The headenhd initializes afootnote count regier X,
and sets both the current footer trap position regis
ter y and the footer trap itself to a nominal position
speci ed in regiger b. In addition, if the regier dn
indicates a lefteer footnote,fz is invoked to repro
cess it. The footnote sart macrofn begins adiver
sion (append) in evironment 1, and increments the
countx; if the count is one, the footnote separdtor
is intepolated. Theseparator is kept im separate
macro topermit user rede nition. The footnote end
macro ef regores the previous gimonment and ends
the diwersion after saving the spacing sida regis
ter z. y is then decremented by the size of thetf
note, a&ailable in dn; then on therst footnote,y

is further decremented by the dierence irertical
base line spacings of the awenvironments, to pvent
the late tiggering the footer trap fromcausing the
lag line of the combined footnotes tover ow. The
footer trap is then set to thewer (on the pag)
of y or the current page positioml] plus one line,
to allow for printing the reference linelf indicated
by x, the boter fo rereads the footnotes frofN in
no Il mode in ervironment 1, and deletdsN. If the
footnotes were too lge to t, the macrofx will be
trap invoked to rediert the aver ow into fy, and the
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registerdn will later indicate to theheader whether
fy is empty Both fo andfx are planted in the nom
inal footer trap position in an order that caubedo
be concealed unless tfi@ trap is meed. Thefooter
then terminates thever ow diversion if necessay,
and zerosx to disablefx, becausethe uncetainty
correction together with a not too lateiggering of
the footer carresult in the footnote rereadingish
ing before reaching thix trap.

A good eercise for thestudent is to combine the
multiple column and footnote mbanisms.

T6. The Last Page

After the las input le has ended,nro and tro
invoke the end maco (7), if any, and when it
nishes, eject the remainder dhe pag. Duing the
eject, any traps encountered grecessed nanally.
At the end of this last page, processing teinates
unlessa partial line, word, or p#al word remains.
If it is desired that another page hared, the end
macro

.de en end macro
c

bp

.em en
will deposit a null partial word, and e ect anothlat
page.
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Table |

Font Style Exanples

Heirloom Documentation Tools

The bllowing fonts are printed in 12 point, with aerical spacingof 14 point, and with non alphanumer
characters separated/ b em space. Note that this table only includes the thidcal CAT tro character set;
PostScipt devices can usually print a muchder although font dependent set diaracters.

Times Poman

abcdefghijkimnopqgrstuvwxyz
ABCDEFGHIJKLMNOPQRSTUVWXYZ
1234567890

1$%&() ' ., 1:; ?2[]1°

®O © Xyz

Times ltalic

abcdefghijkimnopgrstuvwxyz
ABCDEFGHIJKLMNOPQRSTUVWXYZ
1234567890
1$%&() '*+ .,/:;=?][]

O Xyz

Times Bold

abcdefghijkimnopgrstuvwxyz
ABCDEFGHIJKLMNOPQRSTUVWXYZ
1234567890

1$%&() " "'*+ .,/:;="][]

] Xyz
Special Bnt

"% ~8<>{}H@ )

Lo '¥ee—__"MMZFs@ZzZYe j“en(

t€¢<, 1% ES
2 «; kW=® ~a -~ rqusvt -
X3 %pw == O..FTEZTe" <« fS
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Table 1

Input Naming Corventions br , ,and
and for Non ASCII Special Characters

Non ASCII characters and minus on the sandard fonts.

Input Character Input Character
Char Name Name Char Name Name
' close giote (
) open gote (
(em 3/4 Em dash (
h yphen or (Fi
(hy  hyphen (FI
cur rent font minus © (de  degree
® (bu  bullet (dg  dagger
O (sq square X  (fm  foot mark
(ru rule (ct cent sign
(14 1/4 y (rg registered
(12 172 z (co  copyright
(34 3/4
Non ASCII characters and , , $, , , , and on the special dnt.
In traditionaltro, the ASCII characters @, #, , , <, >, , {, }, ~, » andb existedonly on the specialdnt

and were printed as a 1 em space if that foas wot mounted.The following charactersxast only on the spe
cial font. Thespecial mattplus, minus, and equals are provided to insulate the appearance of equations from the
choice of standardofits.

Input Character Input Character
Char Name Name Char Name Name
(pl math plus ™ *m mu
(mi math minus § (*n nu
(eq math egals £ (*¢ xi
(** math gar > (*o  omicron
(sc  section e (*p pi
(aa  acute accent Z (*r rho
(ga  grawe accent Y (*s sigma
$ (ul underrule e (ts  teminal sigma
§ (sl slash (matching baslash) (*t tau
Z (ra alpha i (*u upsilon
* (*b beta “ (¢ phi
" (*g gamma e (*x chi
‘ (*d  delta o (*g psi
" (* epsilon ¢ (*w omega
¥ (*z  zeta (*A  Alpha
« (*y eta (*B  Beta
e (*h theta *G Gamma
- (*i iota (*D Delta
—  (*k  kappa (*e  Epsilon
R lambda e (*2Z Zeta
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Input Character Input Character
Char Name Name Char Name Name
*Y Eta (or or
t  (*H Theta O  (ci circle
(*1 lota e (It left top of big culy bradket
e (*K Kappa F (b left bottom
€ (L Lambda E (rt right top
e« (*M Mu Z (b right bot
., (*N  Nu T (Ik left center of big cdy braket
« (*C Xi . (rk right center of big cly bradet
f (*O Omicron h (bv  bold \ertical
*P  Pi . (If left floor (left bottom of big
(*R Rho square braket)
¥ (*S Sigma < (rf right floor (right bottom)
(T  Tau f (c left ceiling (left top)
%  (*U  Upsilon S (rc right ceiling (right top)
(*F  Phi
(*X  Chi
E (*Q Psi
S (*W Omega
2 (sr square root
' (rn root en &tender
« (> >
: (< <
k ( identicall y equal
= (- approx
W (ap approximates
° ( not eqial
(> right arow
A (< left arow
X (ua up arow
a (da davn arow
= (mu multiply
T (di divide
a plus minus
r (cu  cup (union)
q (ca cap (intersection)
u (sb  subset of
S (sp  superset of
v (ib improper subset
t (ip improper superset
T (if infinity
- (pd  partial deiivative
X (gr  gradient
3 (no not
%o (is integal sign
f (pt propotional to
p (es empty set
w  (mo member of
(br  box vertical rule
(dd double dager
= (rh right hand
= (lh left hand
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