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The family ofprograms in the UNIX system's document­
preparation suite has grown over the years to encom­
passfacilities for typesetting mathematics, tables, dia­
grams, and graphson a variety ofoutput devices. These
programs-the troff formatter, the eqn language for
mathematics, tbl for tables, pic and ideal for dia­
grams, g rap for graphs-have beenwidely used, and
some features have been emulated in othersystems. In
this paper, wewill examine these programs, focusing on
their mostcharacteristic aspects, and on the lessons we
have learned aboutboth document preparation and
software development. Although "retrospective" implies
only a backward look, there will also be some descrip­
tion ofwork in progress.
Introduction

The UNIX systemprovides a family ofprogramsfor typeset­
ting technical documentsthat contain mathematics, tables, figures,
and diagrams. (Interested readers should alsoconsult reference 1,an
earlierversionofthis paper.)

The base on whicheverything else rests is a text formatter
called troff,2 developed by]. F. Ossannaaround 1973. Byitself,
t roff provides few high-level formatting operations beyond line
filling and justification. In particular, page layout and document style
are defined by packagesofformatting requests.These are called
"macropackages" because troff is a macro processor. (A macro is
a smallprogramor script that executes severalseparatecommands
as a singleoperation. Panel 1 definesterms and acronyms used in
this paper.)

Several programs dealwith specialized areasofdocument prep­
aration. For example, e.qri is a language fordescribingmathematical
expressions. 3 The e qn program operates as a t r 0 f f preprocessor; that
is, a documentthat containsmathematics is passed through eqn before
it is processedby troff. There are other preprocessorsas well:
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Panel 1. Terms and Acronyms

ACM Association for Computing Machinery
awk pattern scanningand programming

language
holds recently computed values for reuse
central processingunit
languagefor describinghowto typeset

mathematical expressions
languagefor describing and plotting

graphs
languagefor describingand drawing

diagrams
a lexical-analyzer generator
a singleinstruction that stands for a longer

sequence of instructions
languagefordescribingand drawing

diagrams
toolto retrieveand format bibliographic

citations
languagefor describinghowto typeset

tables
mechanism that passes controlto a specific

macrowhencertainconditions are met
troff text formatter
WYSIWYG whatyou see is whatyouget

a compiler compiler or parser-generator;
convertsa set ofgrammar rules intoa
programthat parses inputaccording to
the grammar

Troff and Friends
In this section, wewill showjust enough ofeach

toolto, convey the flavor or styleofits language. For
more details, see references 11and 12.

Troff-The Text Formatter. Troff is descended
from 1960s formatters that were derived froman original
program (RUNOFF) created by]. E. Saltzerat the Massa-

that these toolssupport is batch processing. That is, a
previously prepared document, withembeddedformat­
tinginformation, is passedthroughoneor moreprograms
for further viewing. Although there are toolsfor fast pre­
viewing on bit-map terminals, the effect is not the same as
interactive systemsthat integrateeditingand formatting
into ''what yousee iswhatyouget" (WYSIWYG). Fora sur­
veyofcommercial WYSIWYG systems,see reference 10.

We will return to a discussion ofthese points
after a description ofthe components.

- t b 1 is a languagefor describinghowto typeset
tables.'

- refer fills in and formats bibliographic citations.'
- pic is a languagefor describingdiagrams."
- ideal is another languagefor diagramsthat has

capabilities for shading,opaquing, etc.?
Someofthese programs,in turn, have prepro­

cessors. For example, the grap language" describes a
graphical display ofnumerical data, and is a pic prepro­
cessor.That is, grap's output,whichis nowin the pic
language, is directed to the pic program,whichin turn
feeds the troff program. Several other programspro­
duce pic languageas output, including the S statistical
analysis system? and interactive mouse-based editors
for bit-map terminals.

Finally, the outputfrom troff, however pro­
duced, canbe furthermanipulated or printed onanynum­
ber ofdevices, rangingfrom typesetters through laser
printers to colordisplays and bit-map terminals.

This listingofmultiple programs serves not only
to introduce the dramatis personae, but alsosuggests
several characteristicsofwhatmight be calledthe "UNIX
systemapproach" to documentpreparation.

The first, and most obvious, characteristic is that
there is a group ofseparate programsthat each do one
part ofthe job, rather than a singleprogramthat under­
takes it all.

Second, wehave described most of these tools
as languages, rather than merelyas programs. The user
interface that each programprovides is a language, spe­
cialized to that program's function.

Athird pointis the degree to whichthe develop­
ment ofthese programs has been made possible by the
software tools and otherfacilities ofthe UNIX system. As
one instance, the languagesfor eqn, pic, ideal, and
grap are alldefinedby context-free grammars that are
translatedinto parsers by the yacc compiler-compiler.
All except eqn use the 1ex lexical-analyzer generator to
create their lexical-analysis routine.

Finally, the basic modelofdocumentpreparation

6
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Panel 2. This Paper's Manuscript Coded In -nlS

The ms macros and text appearat the left; the commentson the right explain what the input
means.

next line istitle
SYSTEM DOCUMENT PREPARATION TOOLS

next line isauthor's name

.TL
THE \f2UNIX\fP\(rg
.AU
Brian w. Kernighan
.AI
.MH

.AB
The family of programs in
.AE
.NH
Introduction
.PP
The UNIX system provides ...

next line isauthor's institution
shorthand/or '~T&T Bell Laboratories,

Murray Hill, N]07974"
beginning 0/abstract

end 0/abstract
next lin.e isa heading to be numbered

paragraph

7

chusettsInstitute ofTechnology. Formatting comrnands-a
period (or dot) in column 1 followed by one or two char­
acters-are interspersed with the textofthe document that
is being formatted. These commands are procedural,
specifyingtypesetting operations in great detail. For
example, a paragraphmight be introducedby:

.sp 1

.ti 5

whichcauses a vertical line spaceand a temporaryindent
offive horizontal spaces. About 80such commands exist.
There are alsoabout 40in-line commands for changing
sizeand font, inserting special characters or previously
defined strings, and invoking variousfunctions. (An in­
line command is embedded within a text line, while a
"dot"command-e.g., . sp-must be on a separate line.)
For instance, the sequence \ fB switchesfrom the cur­
rent font to the boldfont; \ w' s t ring' computesthe
widthofthe string; and \h . n' and \ v' n' cause hor­
izontal andvertical motion, respectively.

However, troff differs from mostprocedural
formatters. Many"normal" formatting operations are not
built in,but programming features do exist from which
such operations can be created. For example, troff
does not break its output into pages automatically. There
are no footnote commands, no paragraphs, no tablesof
contents. Instead, troff is programmable: it has vari­
ables,arithmetic, and conditional tests on manythings,
including the dimensions ofprocessed text.This means
a user can definea macro to encapsulate a sequence of
operations or captureprocessed text.Arguments may be
passed to macros. Auser can alsoset a "trap"that causes
controlto be passed to a specific macro when a given
amountoftext has been processed. Traps are the mecha­
nismfor dividing output intopages,addingtitlesand
page numbers, and printingmultiple columns.

In summary, although troff is syntactically
unappetizing, it is powerful. It enablesa user to put any
character at any pointon the page and,witheffort, pro­
gram troff to do anything. But the language is truly
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Panel 3. Sample Tbl Input

The t b 1 inputappearson the leftand explanations appearon the right. Atab CD separatesdatacolumns in the
table. (See the text for the table this inputproduces.)
.TS
center. doublebox;
cfB s s
c c c

c c
Ip8 n n.
Program Sizes
Name CD Source (f) Object bytes
(f) Lines (f) (text+data)

TROFF (f) 8681 (f) 73136
EQN (f) 1821 (f) 34164
TBL (f) 2581 (f) 39936
REFER (f) 3047 (f) 32768

8 PIC (f) 3760 (f) 83968
IDEAL (f) 4694 (f) 72704
GRAP (f) 2791 (f) 58368
.TE

center table, putdouble box around it
center heading in bold, stretch across 3 columns
center 3 headings
center 3 headings, justify 1st vertically
one left justified column, size 8 point; 2 numeric columns

draw line across table here

difficult, and dealing with it directly is to be undertaken
only in the mostdire circumstances. Indeed, one might
arguethat mostofthe remaining components ofthe
document preparation family servemainly to coverup
bare troff.

Macro Packages. Because troff programming is
complicated, there havealways been packages ofuseful
macros to provide formatting services likepagination,
running titles, and paragraphs. (A running title is text
that is printed at the topor bottom ofeach page.) The
first suchpackage, -rns,13 is typical. Panel 2 showshow
a document such as this one mightbegin, using -rns
macros.

Asyoucan see, allformatting details havebeen
suppressed. Instead, the document is described in terms
ofits logical components (title, author's name and
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address, headings, paragraphs, footnotes, etc.), not the
details ofits typography. Those details are not specified
until the document is actually formatted. Whenwe run
the documentthrough troff, the particularmacro
package used determines the format oftitles, howbig
the paragraph indent is, and so on.Thus, by usingdif­
ferentpackages, wecan printthe samedocument in dif­
ferent styles.

We use this feature extensively to typesettech­
nical papers, first in our internal report style, then for
external reports,andfinally to provide camera-ready
copy for a journal in that publication's format.

In effect, packages such as -rns changetroff
from a procedural language intoa descriptive one.The
intentofmacro packages is the sameas that of, for exam­
ple, the Scribe formatter'!" the separation offormat from



content. However, troff constrainsthe syntax-i.e., all
commands consistofone or two-letter names,perhaps
followed by arguments-and this is not always esthetic
or easyto use.The macro packagesremainone ofthe
least satisfactory components ofthe system.

The monk formatterdescribedelsewhere in this
issue'" is an alternative that translatesan inputsyntax
modeled on the Scribelanguage into troff commands.

Eqn-The Equation Processor. Eqn definesa lan­
guage for describing mathematical expressions. People
withtraining in mathematics can learn the language in a
few minutes; those withoutsuch background usually
need an hour or so. For example, the input:

zeta (z) = sum from n=l to infinity
lover n sup z

produces:

= 1
1;(z) = L -z

n=l n

Eqn runs as a preprocessor: the entire document
is passed through eqn before it goes through troff.
E qn copiesmost ofthe document untouched, but those
parts markedas mathematics (e.g., placed betweenthe
commands. EQ and. EN) are translated into troff
commands. The expression for the Riemann 1;-function
abovebecomes 44 lines, or 1030 characters, of troff
input.

Eqn was the first ofthe preprocessors, and most
of the strengths and weaknesses of the preprocess.or
approach are to be seen in it. We shall return to this
topic later.

Tbl-The Table Processor. The tbl preprocessor
is, in concept, the same as eqn, althoughunrelate~ in
detail. It provides a language specialized to formattmg
tables. Asan example, Panel3 showsthe input that pro­
duces this table:

Program Sizes

Name Source Object bytes
Lines (text-data)

TROFF 8681 73136
EQN 1821 34164
TBL 2581 39936
REFER 3047 32768
PIC 3760 83968
IDEAL 4694 72704
GRAP 2791 58368

Refer-A Reference Handler. Refer mechanizes the
tediousbut vital task ofproving one's scholarship with
longlistsof references. Given a suitable database, it
replaces an imprecise citation such as:

. [
furuta scofield shaw
.]

witha preciseone:

11. R. Furuta,J. Scofield, andA Shaw, "Document Formatting Sys­
tems:Survey, Concepts and Issues,"Computing Surveys, Vol. 14,
No.3, September1982, pp.417-472.

formatted in the styledefined by the macro package.
It alsoprovides options for collecting and print­

ing references at the end ofthe document, sortingby
date or author name, identifying references in the text by
superscriptnumber or by author nameand date,and
various capitalization andformats for author names. At
the user's convenience, the datafor refer (i.e., the text
forthe reference cited) canbe provided in-line (embedded
in the text) insteadofbeing extracted from a database.

Pic and Ideal-Picture Processors. Pic and ideal
are graphicslanguages that provide for the inclusion of
linedrawings and diagrams in documents.

Pic is simpler; it involves placing primitive
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Panel 4. Sample Pic Input and Typeset Result

Pic code:
. PS
arrow "input" above
box "process"
arrow "output" above
. PE

Typesetoutput:

input output
------~ process

objects (e.g., boxes,circles, lines, splines) at absolute
positions or relative to previously placed objects. Asan
example, Panel4 showsa diagram and the pic input
that produced it. Each objectmaybe followed by a list of
attributesthat controlthe object'ssizeand position and
provide the associated text strings. A macro facility
allows a user to encapsulate and invoke common opera­
tions, perhapswithdifferent parameterseach time.
There are alsoiteration and conditional constructs.

Arecent version of pic created by M.1. Siemon
producesPosrScript'" output." (PostScript is a registered
trademarkofAdobe Systems, Inc.) This permitsaccess
to manyofPostScript's graphicseffects, including color
and shadingand arbitraryscaling and rotation.

Pic is often used as the target language (i.e., the
outputlanguage) forother programs, servingas a rela­
tively low-level graphicslanguage that can be typeset.
The main example is the graph-drawing language grap,
described in the next section. Others include interactive
toolslikeS,and languages for circuitdiagrams, optical
ray tracing, and chemical structure diagrams.

In ideal, pointsare defined in terms ofsimul­
taneousequations in complex coordinates. To drawthe
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picture, ideal solves the constraint equations and con­
nects the specified pointswith lines, circles, and splines.
Panel 5 showstypical ideal inputand the lineart it
produces.

Ideal alsoserves as the target language for
other processors, notably a program'? by H.W.Trickey
for drawing graphs (i.e., diagrams that show nodes
and arcs).

Grap and Related Programs. Grap provides a lan­
guage forplotting data; it producespic commands
rather than feeding directly into troff. Bydefault, grap
plotsinputnumbers as a scatter plotand automatically
computes tick marks (interval marks on the graph's
axes).Other commands provide control overlabels, scal­
ing, logarithmic coordinates, and the like.

Panel6 shows the g rap inputthat produced the
graph in Figure 1.Grap also has the same macro pro­
cessingand control-flow features as pic does.

Several verysmall, specialized language prepro­
cessors alsoproduce grap language as output. Mostof
these create statistical displays, such as dotcharts (a
formofhistogramor bar chart), scatter-plot matrices,
and box plots. IS

Troff Postprocessors. The original version of
troff produced outputcommands for a specific type­
setter.The currentversion, called "device-independent
troff," producesoutputin a form that can be translated
readily intocommands for anyreasonable device. That
means one driverprogramis requiredfor each typeof
typesetter. Butwiththe PostScript language emerging as
a de facto standard,a driverthat produces PostScript is
often enough. This alsois convenient for merging troff
outputwithoutputfrom other sources (for example, digi­
tized photographs).

Pagemakeup-vertical justification, figure place­
ment, avoidance of"widows"-is one area not satisfac­
torily handledby troff macro packages. (Inpublishing,
a widow is a one- or two-word lineat the end ofa para­
graph or a short line that spills to the top ofthe next



# print smallest rectangle
# with height and width 1
# and southwest corner at originsw ... 0;

PanelS. Sample Ideal Input and Typeset Result

Ideal code (rect is defined ina library):

.IS

... libfile rect

... width 1.25
main {

put first: rect {
ht .. wd .. 1:

} :
put next: rect {

nw .. first.se; # nw corner at se corner of first
ht .. wd - 2 * first.ht;

} ;

put last: rect {
sw == first.ne;
se .. next.ne:
ht .. wd;

# on the hypotenuse

11

} :
}

. IE

Typeset result:
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Panel 6. Grap Input for Rgure 1
.G1
frame top invis right invis
label left "Time" "(in seconds)"
label bot "Olympic 400 Meter Run: Winning Times"
ticks left in at 45,50
ticks bot in at 1900,1950
draw solid
1896 54.2
1900 49.4
1904 49.2

1980 44.60
1984 44.27
arrow from 1924,51 to 1924.49
" "Chariots of Fire"" ljust at 1924,51
.G2

12
page. Some people call the latter an orphan.) A recent
program'? deals with page makeup by postprocessing
troff output. Extra information is added to the output
to tell how various elements of the document should
appear on the page. The postprocessor uses this informa­
tion to make all pages the same height, prevent the crea­
tion of widow lines, place footnotes, and "float" figures.
(That is, if a figure is too tall for the space left on the cur­
rent page, text continues printing and the figure is placed
on the next page.)

Preprocessors
The basic structure of the preprocessors is the

same: input is copied unchanged to the output, except for
the translation of marked portions into troff. In eqn,
for example, there are two kinds of markers: one for dis­
played equations (i.e., separated from the text, often by
blank lines), and one for in-line equations (i.e., embed­
ded in the text). Two macros, . EQ and. EN, identify the
start and end of a displayed equation. Lines between
these macros are translated, while everything else is
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passed through. The . EQ and. EN are also copied
through for further processing; most macro packages
define them to center the equation and perhaps print an
equation number. Eqn's in-line mode uses two user­
settable characters to delimit an in-line expression. So,
for example, if the delimiters are both @, then
Let @alpha sub i@ and @beta sub j@ be ...

will be printed as

Let !Xi and ~j be ...
As mentioned above, eqn was the first prepro­

cessor, and most of the lessons learned from it apply,
mutatis mutandis, to the other preprocessors as well.

The most important lesson is that it is much
easier to build a preprocessor than to modify a big pro­
gram that already exists and that belongs to someone
else. When eqn was written, troff consisted of about
10,000lines of intricate assembly language. But it would
have been unthinkable to add the facilities of eqn to
troff, even if the resulting program would have fit in



50
Time

(in seconds)

Figure 1. A typeset
graph. See Panel 6
for the grap input.

45

1900 1950

the limited address spaceofthe PDp™_11 minicomputer
on which it ran at the time. (PDP is a trademarkofDigi­
tal Equipment Corporation.) Aseparateprogram obvi­
ates these problems, and makes it possible to create a
language that is suited to its particular task, uncon­
strained by the syntaxofother languages. Viewed in this
light, eqn becomes a smallcompiler, translating intoa
strangeand specialized assembly language.

It is a tribute to Ossanna's original designfor
troff that no changeswere needed in troff for eqn
to do its job. Eqn generates code that exploits troff's
ability to include horizontal andvertical motions within
text, store text and numbers invariables, compute the
widths ofarbitrarily complicated text, perform arithmetic,
and take different actions depending on computed values.

This is an essential point. It is allverywell to
suggestpreprocessors as a way to buildtools, but there
is an implicit requirementthat the postprocessing pro­
gramhaveenoughfunctionality to do the job.For exam­
ple, it would be difficult to write an eqn for a formatter
that does not include the arbitrary positioning oftext and
storingofintermediate steps on which eqn relies.

Similarly, troff provides an in-line command that
causesextra linespaceto be addedbefore or afterthe
outputlinethat contains the troff command. Eqn uses
this to ensure that a tallexpression does notcollide with
the linesabove and below it, a task that would be very
difficult without the t r off primitive.

Problemsof Preprocessors. The benefits ofbreaking
a bigmultifaceted jobinto a setofsmaller, decoupled tasks
are compelling, but there are negative aspects as well.

It is sometimes hard to rememberallthe pro­
grams and options involved informatting a document.
For complicated documents, a small shellprogram called
doctype deducesthe propercommand lineby scanning
the document forformatting commands. For this manu­
script, which is stored in a file called retro, doctype
suggests (correctly)

refer -e retro I ideal I grap 1\
pic 1 tbl 1 eqn 1 troff -ms

as the command line. (The vertical bars" 1" causethe
outputfrom the previous program to be passedor
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"piped" to the next one.Sucha command line is called a
pipeline. Note that the backslash "'\' at the endofthe first
line is used to continue a longlineontoa secondline.)

Ifa document is to be formatted repeatedly
(while beingwritten, for example), the propersequence
ofcommands mightwell be put intoa shell file. Docu­
mentswithcomplicated processing can alsobe con­
trolled by the standard toolmake, which is normally
used for controlling the compilation oflarge programs.

Error Messages. Preprocessorsmayproduceerror
messagesthat bear no apparentrelation to the user's
input. Asan example, at one point, the pipeline above
resulted in the message:

Input: line 756: no specification
tbl quits

The "756" refers to a line in an inputstream that is the
result offourprevious programs, not to a line in the ori­
ginal inputfile. Now, each preprocessorinterprets and
produces troff commands that maintain the user's
notion ofthe linenumber and filename, so that error
messagescan be better relatedto the original input.

Communications problems. A more seriousproblem
arises from the one-way nature ofthe communication
between programsin a pipeline. As mentioned above,
eqn generates conditional codebecause it cannotdeter­
minefor itselfthe answersto questionslike: Is this string
longer than thatone? Also to compute some motions
properly, eqn needs to knowthe pointsize in which an
expression is being set but, as a preprocessor, there is
no way that it can ask troff. So, eqn makesan edu­
catedguess about the sizeand generates code that con­
tainsonly relative sizes and motions; althoughimperfect,
this workswell enoughover the normal range of sizes.

Neither ideal nor pic attemptto adjustthe
dimensions ofboxes, etc., to fit the text they surround, in
part because the troff codegenerationis toohard. It is
left to the user to revisea picture like this:
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antidise tablishmentarianism

by changing the default sizefor the box,or by moving,
shrinking, or rewriting the text.

Target language. We havealready mentioned that
the target language for a preprocessormust provide the
right primitives for the job at hand. Butbeyond that,
there are language defects that showup onlywhena pro­
gram (suchas troff) is subjected to inputpreparedby
a programinsteadofa person.For example, the troff
language is irregular, often because it reflects idiosyn­
crasiesofa typesetterlong sinceabandoned. An in-line
sizechange can be specified as \ sn, where n is a single
digitfromthe set 0,4,5,6, 7,8, 9, or as \ snn, where nn
is two digitsin the range 10to 39.The input \ s3 9 causes
a shiftto size39,while the input \ s 4 0 causes the point
size to become4 and a zero to be printed! It is unfortu­
nate that we have to wiresuch rules intopreprocessors.

Troff also inheritssyntaxproblems from its
original implementation on the 16-bit PDP-ll computer.
Two-character namesfor commands andvariables are
the mostobvious ofa large number ofsuch defects,
manyofwhich are exacerbated by machine-generated
input. Recent versions of t r 0 f f provide alternative syn­
tax that permitsmore regular specification ofinput,
including longernamesfor characters.

The target language maybe missing somefea­
ture, the absenceofwhich complicates the preprocessor's
task.Atone time, for example, the g rap preprocessor
wasforced to printnumbers in F format (i.e., 1000000)
insteadofexponential notation (lE6) because, through
lackofimagination by the implementer, pic did not
recognize the latter.Fortunately, this waseasyto fix.

Translating the preprocessor's language into
troff code is complicated because troff does not
maintain a stack ofrecent pointsizesor fonts. This



forcespreprocessorsto manipulate sizes and fonts expli­
citly insteadofsimply pushingdown a previous state.

Efficiency. Anothercharacteristic ofmachine­
generated inputis simply that there is often a lot ofit.
For example, the graph shownin Figure2 ofthe field
linesofa differential equation is about 460 bytes of grap
input, which becomes 7870 bytes of pic input, 6710
bytesof eqn input, 8600 bytes of troff input, and 5900
bytesof troff output. Pic pictureshavebeen known to
exceed 50,000 elements, which requires, perhaps, 5mega­
bytesofinternal storage and producesa lot ofoutput.

The processing time requiredfor runningmulti­
pleprograms, each expanding the sizeof its input, is a
concern for complicated documents. For example, the
manuscript for this paper takes about 18.7 secondsto
process (producing 138,100 outputbytes) on a Digital
Equipment Corporation VAX:M-8550 computer:

Bytesof CPU time
Program input (seconds)

doc type 44500 0.2
refer 44500 0.5
ideal 45900 0.4
grap 46750 1.3
pic 56300 1.7
tbl 58800 0.6
eqn 67000 0.9
troff -ms 71850 12.1

Remember that each preprocessorcopiesthe whole
input, eventhough it processesonlya small part. For
contrast, it requires 9.2 seconds simply to run the docu­
ment through troff with -ms but without the prepro­
cessors.

In general, there are stresses in two areas:fixed­
sizetablesare neverbig enough,and simple algorithms
(e.g., linear searches) are often not fast enough.The first
changethat wasmade to t r 0 ff after e qn began to be

1

---~_/- - - - - - ~ / / /

-~ - - - - - ......: /' / /

_.. - - - - / / / I1------
yd(2x3+1)/ 3 - - - - ~ ./ ./ / / /

- - - - ./ ./ / / I I

- - - ~ »< / / / I /

- - - / / / I / I I

- - ./ / / / I I I I

o- / I I I I I I I I

0 1

Direction field is j =x2/s

Figure 2. Field lines of a differential equation. This graph was 15
produced using for loops. See Panel 8 for the grap input.

heavily used wasa complete revision ofthe string­
handling code; the original mechanism wasan order of
magnitude too slow. Morerecent changes to troff­
hash tablesfor macro namesand number registers,a
cacheforwidth computations-have alsobeen motivated
by efficiency concerns. (Hashing is a technique for locat­
ing information quickly, by usingthe nameas an
address. For example, the nameofa macro is used to
compute where the macro'sdefinition is stored. A cache
holds recently computed values so they canbe used
againinsteadofbeingrecomputed.)

Similarly, the use of grap has forced a changein
pic. All arraysnow growdynamically until memory is
exhausted.

Combining preprocessors. For several problems, the
existing programsdo not provide goodsolutions. One
problem is howto mixthe various components in arbi­
trary ways. In the current implementations, "nesting"
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(e.g., placinga table withina table) is not permitted but
pictures, graphs and tables may allcontainmathematics.
Pictures inside tables, and viceversa, do not work,and
there are some clumsymechanisms to ensure coopera­
tion between eqn and other preprocessors.

For example, if we want to includea tall equation
in a picture, then the eqn input must includea command
to suppress automaticadditionof space before and after
the equation.Otherwise,the equationpositioning would
interfere with the line spacing that pic or ideal is doing.
Tbl must duplicate eqn's commandfor setting in-line de­
limiters so users can prevent t b1 from splittingequations.

Languages
Most of the tools in the UNIX system's document

preparationfamily implementlanguages.There are advan­
tages to thinking in terms of"language"rather than "pro­
gram." Languages are not adhoc collections ofcommands,
but a set of entities and grammar rules that state precisely
howthe entities maybe combined into larger structures.
With some forethought, artificial languages can have regu­
lar structure, and avoid the sillyrestrictions and special
cases that often characterize programs not designed from
an explicitlinguistic view. Buildingprograms in terms of
languages also encourages the use of tools to mechanize
various parts of the job, particularly parser-generators for
definingthe grammar and lexical-analyzer generators for
definingthe lexicaltokens. (A parser is a routine that
analyzesthe grammaticalstructure ofa program-rather
like diagramminga sentence. A lexical analyzer is a routine
that groups the characters ofa program into names, opera­
tors, etc. The generators create these routines fromcom­
pact descriptions.)

In the document preparation tools we are dis­
cussing, the languages are separate from each other and
from the underlyingformatter.This means that each one
maybe tailored to its domainof application, with no need
to fit the linguistic model ofany other. Bycontrast, the
sublanguageswithinother formatting systems are con-
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strained by the linguistic rules oftheir host language in a
waythat can make them less natural.

Two examples illustratethe point.In the Scribe
formatter.l! mathematicsmust be expressed in a func­
tionalnotationbecause that is the onlynotationthe lan­
guage provides. For example, the expression:

is written in Scribe as:

@Sum(From i=l. To n) f#(x@down[i)) Delta x

while in eqn, it is:

sum from i=l to n f(x sub i ) DELTA x

Similarly, although "math mode" in the TEJrM

formatter-? has some separate semantic rules, the syntax
is consistent with the rest of the TEXlanguage. (TEX is a
trademark of the American Mathematical Society.) For
example, all reserved words begin with \ (i.e., witha
backslash).The result is that the mathematical parts ofa
TEXdocument seem more cluttered than their eqn coun­
terparts, although it can be argued that the TEXrules are
more systematic.

Consider the samplematrix and the code
excerpts in Panel 7. In the TEXlanguage,columnalign­
ment is specified first, then the elements are entered by
rows. In the eqn language,the alignmentis defaulted
and the elements are entered by columns. (Eqn automat­
ically alignsthe columnsand centers each element; how­
ever, the user can specify differenthandling.)

It is time to think in terms ofa languagewhen a
task becomes repetitive and wellenough understood that
the primitive operationsare clear. Our experiencewith
the grap languagefor typesettinggraphs maybe instruc­
tive. J. 1. Bentleyhad used pic to produce graphs similar



Panel 7. Comparison of lEX andEqn Syntax

Sample matrix:

[
X - A 1 0 1A= 0 .1'- A 1o 0 X-A

TEX codefor matrix:
A-\left(\vcenter{

\halign{$\ctr{#}$\quad
® $\ctr(#}$\quad
® $\ctrOj)$\cr

x-\lambda ® 1 ® O\cr
o ® x-\lambda ® l\cr
o ® 0 ® x-\lambda\cr}}\right)

Equivalent eqn code:
A - left (

matrix (
col (x - lambda above 0 above 0)
col {l above x - lambda above O}
col (0 above 1 above x - lambda)

)

right)

to the one shown in Figure1. Hefound it feasible-p i c
provided the necessaryfacilities-but tedious and repeti­
tive. I had previously modified the UNIX systemprogram
graph to produce pic, in an unsatisfactory attemptto
produce typesetgraphs.After a conversation revealed
this mutual interest,Bentley and I designeda language
that wefeltcapturedthe basicnotions ofgraphs: a frame
with optional labelsand tickmarks, dataplotted as lines
or points, and automatic scaling ofdatato fit the frame.
The original designtookabouttwo afternoons' worthof
discussion, and I implemented a firstversion ofthe pro-

gram,usingyacc, lex, and somecodefrom pic, in a
single (long) evening.

Since then, the language has grown substantially
as wehaveattacked morecomplicated graphs,and as
our user population has madesuggestions. In its current
form, it provides:
- Automatic scaling ofdatain multiple coordinate sys­

tems (linear or logarithmic on either axis)
- Automatic or manual generation oflabeled ticksand

grid lines
- Labeling ofaxes
- Plotting ofdataas points or as linesin several styles.
It has a macro processor, file inclusion with automatic
processing through a macro, a for loop and if-then­
else, variables, arithmetic expressions, and a comple­
mentofbuilt-in functions. (A for loop consistsofa
condition-e.g., doesa variable havea specific value­
that is tested on each iteration and operations that are
executed if the condition is met.Aninitial state for the
variable and incrementing foreach iteration may also be
specified. Anif - then -el se specifies operations to be
executed if a condition is met, and anotherset ofopera­
tionsif it is not.) Yetgrap remains easyto use for the
simplest cases. Given a column ofnumbers, itwill pro­
vide abscissae and plotthe datawith tickmarksat sensi­
ble locations.

Language features. Wehavefound that several lan­
guagefeatures are useful almost universally. For exam­
ple, macrosprovide a way to abbreviate a constructand
use it overand over; macroswith arguments are even
better. Pic and grap provide macros with arguments,
and this facility has been addedto eqn, which previously
permitted only parameterless macros. Although macro
processors are usually slower than compiled code,they
are flexible and their implementation is easy. Ideal has
a verygeneralprocedure mechanism, which serves
manyofthe samepurposes.

The ability to take inputfrom a file is convenient
in general; it is mandatory in grap, which typically pro-
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cesses data createdby other programs. The grap notion
ofcopying a file through a macro is especially convenient:

.Gl
copy "file" through { macro body}
.G2

copies the file. Eachlinein the file is treated as one invo­
cation ofthe unnamed macro, with each field on the line
treated as an argument.

The ability to evaluate arithmetic expressions
and store the results in variables is necessary in a lan­
guage that dealswithnumbers. Languages forgraphics
shouldhaveat leastbuilt-in functions for logarithms,
exponentials, and trigonometry. Wehavealsofound it
valuable to haveloops and conditionals.

Onefacility that is needed in allthe preproces­
sors is an escapeto the underlying languages, because
there is no reasonable way for the preprocessor to pro­
vide everything. The simplest example is the ability to
pass something to troff without interpretation. This
capability is heavily used in eqn, where anyquoted
stringis copied through intact. The quotedstringspro­
videaccessto troff'S set ofspecial charactersand to
its in-line commands for horizontal andvertical
motions, which canbe used to adjustspacesor define
built-up characters. Ideal, pic, and grap alsoprovide
this quoting mechanism and,as well, copy through any
linethat beginswith a period, under the assumption
that this is a troff command.

In allthese cases, the onus is on the user to be
sure that the passed-through commands do not interfere
withthe codebeinggeneratedby the preprocessor itself.
For example, if a pic user changes the traff linespac­
ingin the middle ofa picture, chaosensues.

We alsopermitescapesto the shellfrom the
various tools. In this way, a programcan be run to pro­
ducesomedata that is then included by file copy, while
keeping the document a self-contained entityrather than
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a collection ofpieces.
It is unclearjust howfar to go toward making

each language "complete." Does eqn need a for loop,
for example? That seems unlikely, but thingsare not
always so clear. The original version of grap provided
no looping facility. Butsincethe for statementwas
added, many uses for it havebeen found, including mak­
ingmultiple frames ofa "movie" to illustrate the evolu­
tionofa function, and making the picture in Figure2 of
the field linesofa differential equation. Panel 8 shows
the inputfor the graph in Figure2. Notice that other
trappings ofprogramming languages find their way in as
well, right down to comment conventions.

Tools
The UNIX systemprogramming environment is

our basictool. Without that, it is doubtful that wewould
havecometo develop these programs, particularly in the
way that wehave. The notion ofpipes, and ofseparate
programs cooperating to get something done, is central
to the system. Furthermore, programming languages
likeC and awk, andgeneral-purpose tools forfile com­
parison, patternsearching, and editing allhelpto make
the task easier.

Eqn wasamong the first applications ofyacc,
and its firstuse for a nonconventional programming
language. The yacc compiler-compiler (or, moreaccu­
rately, parser-generator) has madeit possible for us to
define newlanguages and adaptthem quickly as experi­
ence dictates, in a way that would be hard with conven­
tional handwritten parsers.Furthermore, the resulting
languages really are languages, with well-understood
grammatical properties.

The 1 ex lexical-analyzer generatorservesmuch
the samepurpose for lexical analysis as yacc doesfor
syntax, and provides many ofthe samebenefits, particu­
larly the ease ofchanging the lexical rules. For example,
if wemodify the pic language to permitinputnumbers
in E format as well as F, allweneed do is changea single



Panel 8. Grap Code to Produce the Graph In Figure 2

This example illustrates grap's programming language features, e.g., for loopsand built-in
functions.

. G1
frame ht 2 wid 2
coord x 0.1 y 0,1
label bot "Direction field is $y sup prime - x sup 2 1 y$"
label left "$y - sqrt {(2x sup 3 +1)/3)$" right .6
ticks left in 0 at 0.1
ticks bot in 0 at 0.1
len - .035
for tx from .01 to .91 by .1 do {

for ty from .01 to .91 by .1 do {
deriv - tx*tx/ty
scale - len/sqrt(l+deriv*deriv) # keep lines same length
line from tX,ty to tx+scale.ty+scale*deriv

)

draw solid
for tx - 0 to 1 by .05 do {

next at tx, sqrt«2*tx*tx*tx+1)/3)
)

.G2

19

regularexpressionfrom

[0-9]+("."?) [0-9]*1"."[0-9]+

to
([0-9]+("."?) [0-9]*1"."[0-9]+)\
([eE] [+-]?[0-9]+)?

In our laboratory, we use bit-map terminals,
which provide a high-resolution screen and a multiple­
window environment where each window is associated
with a separate process. For documentpreparation, one
normally has a window for editing, another for running
programs, and a third for viewing the output. The effect

is not quite"whatyou see is whatyou get,"but it is close
enough for most purposes,while stillretaining the
advantages ofthe batch-oriented formatting tools.

Conclusions
It would be rash to claim that the toolsdescribed

here are the "best" wayto do documentpreparation, but
they haveworkedwell for us. In particular, the strategy
ofbuilding separate programshas been especially pro­
ductive for research, because it means that anyone witha
good idea can try it out,withouta huge effort, and with­
out worrying abouthowto squeeze newideas into an old
program.

We have always developed our toolsfor our own
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use, not for our perception ofwhatsomeone else might
need. Accordingly, as newprograms become available,
they are stressed and refined under criticism by col­
leagues. Ofcourse, the needs ofpeople writing docu­
mentpreparation languages havehad a positive effect on
our language development tools, from the earliestexperi­
encewith yacc.

Document preparation is andwill remain an
excellent area for research. It is a microcosm ofcom­
puter science, from theorythrough algorithms to com­
pilers and parallel processing to user interfaces. Butthe
problems involved are ofmanageable size, andbetter
solutions find immediate application.
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