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TgEX Users Group

Memberships and Subscriptions

TUGboat (ISSN 0896-3207) is published four times
a year plus one supplement by the TEX Users
Group, 653 North Main Street, P.O. Box 9506,
Providence, RI 02940, U.S.A.

1992 dues for individual members are as follows:

» Ordinary members: $60

» Students: $50
Membership in the TEX Users Group is for the cal-
endar year, and includes all issues of TUGboat and
TeX and TUG News for the year in which member-
ship begins or is renewed. Individual membership
is open only to named individuals, and carries with
it such rights and responsibilities as voting in the
annual election. A membership form is provided on
page 235.

TUGboat subscriptions are available to organi-
zations and others wishing to receive TUGboat in a
name other than that of an individual. Subscription
rates: North America $60 a year; all other countries,
delivery by surface mail $60, by air mail $80.

Second-class postage paid at Providence, RI,
and additional mailing offices. Postmaster: Send
address changes to the TEX Users Group, P. O. Box
9506, Providence, RI 02940, U.S.A.

Institutional Membership

Institutional Membership is a means of showing
continuing interest in and support for both TEX
and the TEX Users Group. For further information,
contact the TUG office.
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Permission is granted to make and distribute verbatim
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tions of this publication or of individual items from this
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[Jenson] was so intent on legibility that he disregarded
conformity to any standard —an innovation that modern
designers might well consider.

-Frederic W. Goudy,
The Alphabet and Elements .
of Lettering (1942)
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TUGDboat

During 1992, the communications of the TEX Users
Group will be published in four issues. One issue
{Vol. 13, No. 3) will contain the Proceedings of the
1992 TUG Annual Meeting.

TUGboat is distributed as a benefit of mem-
bership to all members.

Submissions to TUGboat are reviewed by vol-
unteers and checked by the Editor before publica-
tion. However, the authors are still assumed to
be the expert on the topic. Questions regarding
content or accuracy should therefore be directed

to the authors, with an information copy to the
Editor.

Submitting Items for Publication

The next regular issue will be Vol. 13, No. 4;
deadlines are August 18, 1992, for technical items,
and September 15, 1992, for reports and similar
items; this issue is scheduled to be mailed in
November. (Deadlines for future issues are listed in
the Calendar, page 231.)

Manuscripts should be submitted to a member
of the TUGboat Editorial Board. Articles of general
interest, those not covered by any of the editorial
departments listed, and all items submitted on
magnetic media or as camera-ready copy should be
addressed to the Editor, in care of the TUG office.

Contributions in electronic form are encour-
aged, via electronic mail, on magnetic tape or
diskette, or transferred directly to the American
Mathematical Society’s computer; contributions in
the form of camera copy are also accepted. The
TUGboat “style files”, for use with either plain
TEX or [ATEX, are available “on all good archives”.
For authors who have no access to a network, they
will be sent on request; please specify which is
preferred. For instructions, write or call Karen
Butler at the TUG office.

An address has been set up on the AMS com-
puter for receipt of contributions sent via electronic
mail: TUGboat@Math.AMS.com on the Internet.

Reviewers

Additional reviewers are needed, to assist in check-
ing new articles for completeness, accuracy, and
presentation. Volunteers are invited to submit their
names and interests for consideration; write to TUG-
boat@Math.AMS.com or to the Editor in care of the
TUG office.

TUGboat Editorial Board

Barbara Beeton, Editor

Victor Eijkhout, Associate Editor, Macros

Jackie Damrau, Associate Editor, ATEX

Alan Hoenig, Associate Editor, Typesetting on
Personal Computers

See page 131 for addresses.

Other TUG Publications

TUG publishes the series TEXniques, in which have
appeared reference materials and user manuals for
macro packages and TgX-related software, as well
as the Proceedings of the 1987 and 1988 Annual
Meetings. Other publications on TEXnical subjects
also appear from time to time.

TUG is interested in considering additional
manuscripts for publication. These might include
manuals, instructional materials, documentation, or
works on any other topic that might be useful to
the TEX community in general. Provision can be
made for including macro packages or software in
computer-readable form. If you have any such
items or know of any that you would like considered
for publication, contact Karen Butler at the TUG
office.

TUGDboat Advertising and Mailing Lists

For information about advertising rates, publication
schedules or the purchase of TUG mailing lists,
write or call Karen Butler at the TUG office.

Trademarks

Many trademarked names appear in the pages of

TUGboat. If there is any question about whether

a name is or is not a trademark, prudence dictates

that it should be treated as if it is. The following

list of trademarks which appear in this issue may

not be complete.

APS u5 is a trademark of Autologic, Inc.

DOS and MS/DOS are trademarks of MicroSoft
Corporation

METAFONT is a trademark of Addison-Wesley Inc.

PCTIEX is a registered trademark of Personal TEX,
Inc.

PostScript is a trademark of Adobe Systems, Inc.

TEX and ApS-TEX are trademarks of the American
Mathematical Society.

Teztures is a trademark of Blue Sky Research.

UNIX is a registered trademark of UNIX Systems
Laboratories, Inc.
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General Delivery

Changing TEX?
Malcolm Clark

The topic of a ‘future’ TEX has been a source of
discussion ever since TEX managed to slip out from
Knuth’s office. And twice there have been ‘official’
developments to the fundamental model: first with
the transition from the original SAIL implementa-
tion through Pascal and eventually WEB—to what
became known as TEX82 when it was first released;
and more recently the mild tinkering (by compar-
ison) which is colloquially termed TEX3. Knuth
has made quite clear that he will not change TEX
again, and that while he is happy for anyone else
to embed the program code in other applications,
those applications are not to be termed TgX. In
passing I recall how much time I spent between 1984
and 1989 extolling one of the great merits of TEX —
that it was fixed and need not be relearned, unlike
the tide of of other (and commercial) software; only
to have to retract a little in 1989. But this time I'm
even more convinced.

But still, there are repeated reminders that TEX
is not perfect and that in order to stem the tide
of newer, and obviously more desirable, systems for
typesetting, document preparation, and electronic
publishing, some radical surgery is needed. It
seems hardly surprising to me that later systems
should not surpass TEX in their quality: I am more
surprised that they often fail to do so. For example,
given the relative ease with which the mathematical
typesetting of TEX might be extracted and used
elsewhere, it comes as more of a surprise that
even now, few other systems approach the standard
which is already 14 years old. In my cynical
moments I suspect that the world may not be as
concerned with quality as TEX claims to be.

How can these many suggestions for enhance-
ment or improvement be accommodated? In the
first place, we have to acknowledge that many
‘enhancements’ have taken place: from the very
beginning there were variants — the shadowy Tyx,
and latterly VORTEX, MLTEX, VIEX and so on.
They appear to meet Knuth's requirement that
they are not called TEX. They each offer some
extensions to meet some perceived lack or need
(although VORIEX’s pedigree is a little different).
But what really are the most significant TEX de-
velopments over the last ten years? The important
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development has been IATEX — a change to the user
interface, rather than an enhancement of some con-
cept of typographic quality. Like its host, TEX, it
is an imperfect tool, but pragmatists recognize its
widespread generality and applicability.

The major extensions of BIBTEX and Makelndex
were designed for use with IATEX. If there are two
things we need right now, they are ‘finished’ versions
of BIBTEX and Makelndex for every platform that
runs IATEX —and the documentation that goes
with them. If the new books which are appearing
managed to include these support facilities, they
would being doing us all a service. (And if BIBTEX
format were to be an output format of the many
on-line bibliographies, that would be even nicer.)

In another area of ‘support’ facilities, it seems
to me that one of the great imponderables is
slowly disappearing: [ almost always know how
to invoke (IA)TEX, but figuring out how to magic
up the printer driver is often a mystery. As
PoOSTSCRIPT continues its inexorable growth, Tom
Rockiki's DVIPS appears to be emerging as the most
widely supported driver. This give us the chance
of de facto standardization and the chance to use
the \special command without grief (probably to
incorporate some graphics). If we couple this with
the various applications which convert POSTSCRIPT
to what your laser printer or screen can display (and
some of these are public domain) we are heading
for a device independence which was only a dream
a few years ago.

Am T just being complacent? Is it sufficient
to accommodate increased functionality and an
improved user interface within the present shell? —
one of the things which the IATEX3 project should
deliver. Should I rather be worrying that it is
difficult to create magazines like Newsweek with
(IA)TEX? Would I be grateful for a copy of Frame,
Interleaf, Grif, 3B2, or even Quark XPress? I
quail before the thought of all that re-learning,
frustration, the need to keep up with upgrades,
the inability to swap documents easily between my
Vax, SparcStation, Macintosh and the crufty MS-
DOS machine gathering dust in the corner. Will
I have to learn how to design documents myself?
Life is too short. In future columns I will discuss
how Shakespeare’s Sonnets need drastic re-writing,
and how Mozart’s Magic Flute requires a change
in the underlying paradigm to accommodate the
developments in rap music and sampling.

But the ‘stasis’ strategy only retains the exist-
ing users: would anyone volunteer to adopt (I#)TEX
from scratch? The one area we have done the most
effective and consistent job is in telling everyone
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how difficult (IA)TEX is to use, and what a dreadful
typeface Computer Modern is. It used to be the En-
glish who had a reputation for under-statement and
self-deprecation. (I#)TEXies have easily overtaken
them. Why should this be?

Somewhere in this hyperbole serious questions
are lurking. To what extent should TUG be pur-
suing the ‘future’ of TEX? And which future? If
we examine the TUG Bylaws, we will note that
TUG was set up to ‘identify, develop, operate, fund,
support, promote and encourage charitable, educa-
tional and scientific programs and projects which
will stimulate those who have an interest in sys-
tems for typesetting technical text and font design’.
The german-speaking group, DANTE, addressed the
topic of a future TEX at their Hamburg conference
(reported in this issue of TUGboat by Phil Taylor),
and Rainer Schopf has since set up an electronic
discussion list. There is a paradox here of course:
those who do want to change TEX are more likely
to participate than those who don’t. It will be
useful and instructive to see what shakes out of
these discussions. There has already been a wide
range of opinions expressed, from creeping featurism
through to the adoption of new paradigms.

Of course, the choices are not simple, or ex-
clusive. Improvements will take place in the user
interface; at the same time, some brave souls will
modify the underlying code. If changes are not gen-
erally available, and are restricted for proprietary
or platform reasons, they are unlikely to be adopted
by the present user base: if there is insufficient
upwards compatibility, the inertial mass of exist-
ing documents may also discourage adoption; the
prospect of change is ambiguous —it excites some
and depresses others. Consider two examples of the
diffusion of changes in the TEX world: the change
from Almost Modern to the Computer Modern
typeface took an age, perhaps because the changes
did not seem noticeable (so much for quality!); the
change to TEX3 appears to have been very swift —
the lure of 8-bit input and the enthusiasm of the
non-English speaking users seems to have been a
major driving force here. Interesting times.

¢ Malcolm Clark
Information Resource Services
Polytechnic of Central London
115 New Cavendish Street
London W1M 8JS, England
UK
Janet: malcolmc@uk.ac.pcl.mole
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Editorial Comments

Barbara Beeton

Another honor for Donald Knuth

During a ceremony held in the Stockholm City
Hall on November 15" 1991, Donald Knuth was
appointed Honorary Doctor of Technology by the
School of Computer Science and Engineering, KTH,
Stockholm. The appointment was accompanied by
this citation.
Professor Donald Knuth is very well known
to us, not only in Computer Science, but also
in the fields of Mathematics and Typogra-
phy. He has through his creative research and
his monumental work The Art of Computer
Programming made major contributions to
the modern research area of mathematical
analysis of algorithms and their complexity
(performance), as well as given the virgin
computer science a firm mathematical struc-
ture of great importance to undergraduate
and graduate studies.
Roswitha Graham, head of the Nordic TEX User
Group, has provided the following report.
“Professor Knuth has for a long time had
close contacts with researchers within the School
of Computer Science and Engineering at KTH,
and he is also present daily through his advanced
computer tool TEX for production of technical and

Donald Knuth receiving his KTH degree



TUGboat, Volume 13 (1992), No. 2

mathematical reports with high quality typography,
used by many students and researchers at KTH.
The Nordic TEX User Group annual meeting 1991,
was held on the 18" of November at KTH, with
Professor Donald Knuth invited as guest of Honour
and participants from four of the Nordic countries.
“The programme focused on needs and so-
lutions for TEX quality typesetting of European
languages as well as the TATEX user interface. Spe-
cially invited guest speakers were Frank Mittelbach,
Germany, and Yannis Haralambous, France, who
together with Jan Michael Rynning, KTH, Sweden
(Swedish hyphenation for TgX), gave background to
problems and pointed to solutions. Other speakers
were Leif Andersson (A PosTSCRIPT font family for
TEX), Niels Mortensen (Math and natural science
typesetting —a I#TEX report format), Peter Busk
Laursen (XIATEX —extensions to BTEX and TEX
at UNI.C while we wait for IATEX 3.0) and Steen
Larsen (Tailored database publishing with TEX).”

The session with Don was recorded, as was
a later, less formal conversation between him and
Roswitha. Among the topics discussed were Don’s
goals for his own work (which are centered around
The Art of Computer Programming and do not
include more work on TEX) and his impressions of
the current contributors to TEX development. We
hope to have excerpts from these sessions ready for
publication in the fall issue.

Journals accepting TEX input

A topic that keeps appearing in the electronic
TEX discussion lists is, “What journals accept
manuscripts prepared in TEX?” My attention to
this topic has been sharpened recently with the
appearance of two items from unrelated sources.
The first item is a new journal that will
be prepared with TEX: the Journal of Computer
Security, published by IOS Press in Amsterdam.
The director of the Press, Dr. Einar H. Fredriksson,
sent me a copy for information, with the following
comment:
As publisher I feel the TEX developments and
potential have reached a point where we may
have to re-evaluate the journal publishing
system —and make all authors part of your
Group.
This hardly sounds like an organization reluctant
to embrace a new technology. A statement in the
journal acknowledges the use of TEX and states
that in general, the author’s TEX files will be able
to be used for articles accepted for publication;
“[i]f possible, the authors are requested to use the

135

publisher’s macros for the journal.” (This is a le-
gitimate request, as by so doing, authors will assure
that their submissions conform to the production
requirements of the journal, and thereby reduce the
length of time between acceptance and publication
by decreasing the technical demands on the journal
staff.) TUG members interested in the research area
covered by this new journal can find out more about
the journal from one of the editors-in-chief: Prof.
Sushil Jajodia of George Mason University (jajo-
dia@gmuvax2.gmu.edu) or Dr. Jonathan Millen of
the MITRE Corporation (jkm@mbunix.mitre.org);
anyone without net access who requires a postal
address can obtain this information from the TUG
office.

The second item that caught my attention
was a letter in the weekly Science News from the
editor/publisher of Solstice: An Electronic Journal
of Geography and Mathematics, Sandra Lach Ar-
linghaus, Director of the Institute of Mathematical
Geography, Ann Arbor, Michigan. This letter
states, in part,

Solstice is typeset using TEX, and it is

the TEX file that is transmitted, complete

with typeset tables as well as complicated
mathematical notation. Indeed, Solstice has
even run (in addition to scientific tables) an
occasional crossword or word search puzzle
simply to suggest this perhaps unexpected
capability. It also transmits some figures —
any that can be set using TEX. Solstice does
claim to disseminate scientific results in an
electronic form, and not only does it claim
to do so, it does so.!
The core of this item stresses a fact that has been
obvious for years to TEX users: that TEX is not
only a tool for communicating on paper, but can
also be a means of structuring information for an
electronic audience.

An incomplete list of journals, paper and
electronic, that accept submissions in TEX form
is given in the file texjourn.bib; this file and
otherTgX-related bibliographic information can be
found at the archive math.utah.edu in the direc-
tory /pub/tex/bib. The contents of two of the files
in that area— texbookl.bib and texbook2.bib—
were published in the 1991 TUG Resource Di-
rectory; many additions have been made since
then. Further additions to this bibliography are
solicited (please check the current listings first);
send them, preferably in BIBTEX form, to Nelson
Beebe (beebe@math.utah.edu).

1 Reprinted with the permission of the author.
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The new membership list

Accompanying this issue of TUGboat is this year’s
membership list. You may notice that some infor-
mation that was present last year isn’t there in this
edition, namely information about the hardware
each member is using and the separate listings of
members by computer and output device. The
reason for this is the reduction of the staff in the
TUG office, reported in TEX and TUG News earlier
this year.

All address information has been posted in full,
and appears in the same form as before. Regardless
of staff availability, address updates must be kept
current if TUG is to avoid delivery problems, and
thus additional postage costs, on account of out-of-
date information.

Hardware information is particularly suscepti-
ble to variation, and the time required to normalize
and enter it into the database proved to be more
than the reduced TUG office staff could handle.
Actually, it has not been clear for some time how
useful publication of this information is to the “av-
erage” member —a page and a half of names under
the heading “IBM PC” doesn’t seem to represent
the same value as the same number of pages of a
listing by geographical location. But your opinion
is what counts. If you feel this information is
essential, and especially if you have suggestions on
how to streamline the process and make the pre-
sentation more useful, please send your suggestions
to the TUG office, marked for the attention of the
Membership Committee.

TUGboat production notes

The production of a publication such as this one is
somewhat more complex than I believe most readers
are aware. Some idea of the technical complexity
can be gained by reading the production notes that
appear in each issue. There are other facets to this
as well, that I don’t usually make a fuss about, but
feel it's important to let the readers know why it
takes so long to put each issue together.

Beginning with volume 12, no. 2, every article
published in a regular issue has been subjected to
a technical review by a volunteer referee, and the
same is being done with this year’s annual meeting
proceedings. This review is not as intense as those
for, say, the Transactions of the AMS or The New
England Journal of Medicine, but it has resulted in
numerous changes, and I think has improved the
quality of the individual articles. The intent is not
to decrease the number of articles published, but
to make the articles that are published as accurate
and informative as possible. This review takes time,

~
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as does the interaction between editorial board
and authors, to make sure the suggested changes
are understood and properly installed. I would
like to take this opportunity to thank the referees,
who shall continue to remain nameless. There
is more work than there are referees at present,
and if you wish to perform a useful service (and
see some interesting material prior to publication),
you are invited to send your name in to the
TUG office, care of the Editor, or via e-mail to
tugboat@math.ams.com; please include a reliable
address (e-mail if possible) and a description of
your particular strengths and interests as well as
identification of areas you wish not to cover.

The number of items is an important factor in
determining how much time it takes to produce an
issue. Most items are represented by two files—one
for the publishable item, and one containing various
auxiliary information concerning its receipt, review,
and progress from submission to publication. But
some items are much more complicated, requiring
additional files of macros, examples, figures, and
the like. For example, the archive for issue 13
no. 1 contains 197 files for 34 items listed in the
contents. Ignoring the files of correspondence and
other administrivia, that still comes to more than a
hundred files. However worthy an idea, electronic
distribution of tugboat is a concept whose time has
not yet come, at least under the present staffing
limitations.

A technical complication is the variety of forms
in which articles may be submitted. There are
essentially no restrictions, and submissions have
been received on paper, on DOS or Mac diskettes,
as coded (usually by uuencode or atob, but we
haven’t had much success with the latter) or unen-
coded files with or without compression, by e-mail
or placed in directories for ftp access, as source
(sometimes without TEX markup, but mostly using
the TUGboat plain or IATEX macros, or, less of-
ten, some other scheme that must be translated to
TUGboat style) or .dvi files. Usually, an article
or two per issue requires font work —if the author
agrees, we will generate fonts for one of the available
typesetters (so that the quality of the camera copy
is uniform) as well as for the local laser printers
that are used to generate proof output. A growing
number of submissions incorporate POSTSCRIPT
inclusions, and the behavior of the (encapsulated)
PosTSCRIPT code depends highly on the output
device driver being used. Even files received in
standard .dvi form aren’t immune from problems;
one such article in this year’s first issue “broke”
three typesetter drivers before we succeeded in find-
ing one that would actually print it (three different
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laser printer drivers and two previewers had pro-
duced satisfactory output, and the sudden failure at
typesetter stage was a big surprise); the situation
was dicey for a while, and we weren’t sure that
we wouldn’t have to publish from laser output, but
finally an acceptable combination was found and we
got our typsetter output. By such little disasters we
continue to learn and improve. But all this takes
time, and attention frora someone with substantial
experience. Not a job for beginners.

Another facet of the scheduling problem is my
own availability. Since 1986 I have been a member of
national and international standards working groups
developing a font standard for the International
Organization for Standardization (ISO). These
working groups meet at least 7 times per year, for
a week or sometimes two at a time. Several times
in the past few years these meetings have coincided
with critical points in the TUGboat production
schedule. Also, since the beginning of 1991, I have
had no production assistance. This affects only
regular issues, as proceedings issues are edited by
other volunteers, with production in the TUG office.
All these complications are magnified by the fact
that editing TUGboat is a “hobby”; the job that
pays the bills is in the Technical Support Group
at the American Mathematical Society. What this
means is that there is quite frequently nobody
home to carry on the necessary correspondence,
and delays result. This problem is being worked
on, and I am hoping that assistance will once again
become a reality later in the year. During this
difficult period, thanks for your understanding.

I wouldn't like to leave the impression that
the TUGboat experience is typical for publishers
accepting articles or books in TEX. By its nature,
TUGboat is expected to contain items that stretch
the boundaries of what is possible with TEX. Most
“ordinary” publishers don’t want, don’t expect, and
aren’t prepared to deal with such complications.
They have, by and large, adopted TEX because
of pressure from authors. But they still have a
bottom line to look out for, and this doesn’t allow
much experimentation. So the successful publishers
create macros that will help an author produce
exactly what they are looking for, and instructions
in using those macros. And smart authors follow
the instructions.

o Barbara Beeton
American Mathematical Society
P.O. Box 6248
Providence, RI 02940
USA
bnb@Math.AMS. com
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TUG Seeks Executive Director

The individual selected for this position will oversee
the business and information dissemination activ-
ities of TUG; direct the promotional program to
develop membership and TUG activities; develop
a program of volunteer efforts for TUG activities;
manage a small office staff with clerical, technical,
and bookkeeping functions; and interact with TUG
members and others in fields of interest to TUG.
The Executive Director will report to TUG Board
of Directors.

The following criteria will be considered as
applicants are evaluated:

e experience in managing a business;

e skill in managing the retrieval, organization
and dissemination of information;

® experience with the program TEX and related
programs;

e computer experience and capability of under-
standing technical questions regarding TEX and
related programs;

e good writing and speaking skills;

e good interpersonal skills;

e knowledge of considerations in managing a
professional, non-profit association.

Applicants for this position should send indi-
cation of their interest and copies of their curricula
vitae to:

Search Committee

TEX Users Group

P. 0. Box 9506
Providence, RI 02940 USA

The TgX Users Group is an Equal Opportunity
Employer.
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TEX: The Next Generation
Philip Taylor

The notice of the annual DANTE meeting included
an announcement that DANTE had decided to set
up a working group to co-ordinate the further
development of TEX. This announcement was
circulated widely via the electronic lists, and all
were invited to contribute ideas and work towards
this goal. The first session of the working group
took place at the end of March in Hamburg.

The meeting was opened by Joachim Lam-
marsch, who announced the creation of a group to
co-ordinate an investigation into the future of TEpX
(the name will not be TEX, but no specific new
name was proposed). The group will be led by
Rainer Schopf, and will include Peter Abbott, Pe-
ter Breitenlohner, Frank Mittelbach, Philip Taylor,
Joachim Schrod, and Norbert Schwarz.

An e-mail list with open membership will be set
up (NTS-LQVM.URZ.Uni-Heidelberg.de); it will be
the primary source of suggestions to the group. The
name ‘NTS’ is short for ‘New Typesetting System’,
and is intended to be no more than an interim,
working, non-contentious, name for the project.?

Joachim then passed the meeting over to
Rainer, who took as his starting point a paper
that T had previously written in which were out-
lined five apparent options. These are:

1) Leave TEX as it is now. If Don is sufficiently
happy with TEX that he is prepared to leave it
for posterity in its present form, then I think
we should certainly consider that as an option
for the TEX world as a whole.

2) Extend TEX by just enough that those who
really understand its deficiencies agree that the
extensions are not only justified but essential:
i.e. there are some ‘simple’ typesetting tasks
with which TEXs cannot deal correctly, but
with which an Extended TEX could.

3) Extend TpX to incorporate the combined wish-
lists of the major TEX practitioners, while
retaining TEX’s present ‘look-and-feel’.

4) Extend TEX as in (3), also taking the opportu-
nity to reconsider TEX’s ‘look-and-feel’ and to
implement major changes in that area if it is
felt beneficial.

5) Design a typesetting system for the 215 Cen-
tury, using whatever elements of TEX are felt
to continue to represent the state of the type-
setting art.

! Look at the last three words of the very first
line in The TgXbook; thanks to Kresten Krab
Thorup for pointing this out.
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Rainer felt that (1) was not an option, and we
then discussed in open forum options (2)-(5), all
of which were felt by some present to have some
merit. No firm decision was made as to which to
pursue, and it was pointed out that the options were
not necessarily exclusive— one could, for example,
select (2) as a short time scale immediate action
plan, while investigating (5).

The meeting then went on to take sugges-
tions from the floor as to possible improvements,
enhancements or suggestions. These included:

e Support for graphics;

® Support for colour;

e Support for rotated text;

e Support for grid alignment;

® Improved algorithms for page layout;

e Elimination of hard-coded constants and con-
ventions;

e Improvement of TEX as a programing language;

e Extension of the ‘boxes & glue’ paradigm;

e Support for line numbering;

® Improvement of orthogonality and completeness;

o ‘Make TEX object-oriented’;

e Remove ‘superfluous features’.

One speaker presented his own list:
® Who will (or should) use TEX?
e What is the user interface to be?
¢ Is backward compatibility essential, and if so,
at the DVI or TEX level?
¢ The legal status;
® An implementation environment.

The meeting attempted to categorise these
suggestions in terms of the five proposed options,
but it became obvious that this was neither the
time nor the place to do so. The meeting was then
drawn to a close.

Addendum. The discussion list has now become
active. Anyone interested in contributing to this
activity can subscribe by sending the message

SUBSCRIBE NTS-L {(given name) (surname)

to LISTSERVQVM.URZ.Uni-Heidelberg.de. The
NTS~-L discussion is archived on

ftp.th-darmstadt.de {130.83.55.75]
directory pub/tex/documentation/nts-1

Files in this directory are bundled by month, named
yymm, where yy is the year and mm is the month
when the mail arrived. Access to this archive is via
anonymous ftp. Access via mail-server will be made
available later this year.

¢ Philip Taylor
Royal Holloway and Bedford New College
“The University of London at Windsor”
P.Taylor@vax.rhbnc.ac.uk
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Software

Knuth’s Profiler Adapted to the
VMS Operating System

R.M.Damerell
Abstract

This article describes a Pascal profiler originally
written by D.E. Knuth. In principle, this should
be portable to any machine. In practice it required
a lot of work to adapt it to VMS. We believe
that the modified profiler can now support the
whole of Standard Pascal and many non-Standard
parts of VMS Pascal; and that it should be more
easily portable than the original. We also provide

a companion utility for generating execution count
files.

Introduction

This article is about a Pascal profiler which was
written by D.E. Knuth and distributed with the
Stanford TEX software. As there seems to be no
published description, we begin by explaining how
it works.

Suppose you have a program—let’s call it
Snail — that runs unbearably slowly. A profiler is
a supplementary utility that determines how much
time the Snail is spending in executing different
portions of its code. What usually happens is
that a typical Snail will spend nearly all of its
time executing a small subset of itself. Such a
subset is usually stigmatised by such names as
“bottleneck”, “critical section”, “innermost loop”,
etc. Any serious attempt to speed up a Snail
must concentrate on this “critical” section, either
by actually rewriting it to run faster or by rewriting
the higher-level code to make it run less often, or
maybe adopting an entirely new algorithm. Nothing
else is likely to make any significant difference. Thus
a profiler is an essential tool for any programmer
who is concerned about the execution speed of his
or her programs.

Most profilers work by making some special
calls to the operating system, asking it to monitor
the behaviour of the Snail in some way as it
crawls. Some typical examples are given in [1,2,8].
Knuth’s profiler (called “Profile”) works on an
entirely different principle. It reads the source code
of Snail, making a table of the time consumed by
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each statement. For each statement in the code,
Profile estimates the time to be w x f where:

e w, the weight, is the time taken to execute the
statement once,

e f. the frequency, is the number of times the
statement was executed in a run of the Snail
program.

Profile then prints a listing of the Snail program
with weight and frequency data added. The weight
of each statement is estimated by parsing the
statement, making reasonable assumptions about
how it might be executed on a typical machine.
If m and n are integers, the Pascal statement:
x:=2.1*%(m+n); would probably be executed as:
fetch m and n; add; convert to real; multiply;
deposit result in x. The costs of all these primitive
operations are stored as constants in Profile.
Profile adds them all together to get the weight,
then multiplies by the frequency to get the total
cost. The frequency is read in from a supplementary
file called a count file. This contains a long list
of numbers; essentially it lists the number of times
every statement in Snail was executed in a trial
run.

Thus it appears that Profile does not require
any special help from the local operating system; so
in principle it should be runnable on any machine.
In practice it is a very different story. The main
obstructions to running Profile on a new machine
are:

1. No mechanism is provided for generating the
count file.

2. All Pascal compilers implement different lan-
guages — of the same name!

We have been working on the problem of installing
Profile on the VMS operating system, with the
ulterior aim of eventually producing a portable
version of Profile. This article describes the
progress made so far. In order to avoid confusion, we
call the altered program “VMS-Profile”, reserving
“Profile” for Knuth’s original.

Generating the Count File

Profile was originally written for the KL-10 ma-
chine at Stanford, on which D.R.Fuchs altered
the system debugger to make it generate a count
file. This is obviously not a practical option for
other users. Hardly any manufacturers provide
the source of their software and few site managers
would allow ordinary users to alter it. Even if
we could alter the VMS debugger, it could not be
distributed as this would be a breach of copyright.
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We have therefore written a completely separate
utility called Preprofile for generating count files.
Preprofile reads the source code of the Snail
program and generates a new program file with
a name like SNAIL_COUNT.PAS. If all goes well,
this will be a valid Pascal program, which does
everything that Snail does and also writes a count
file, called SNAIL.COU. This can then be fed into
VMS-Profile along with the original SNAIL.PAS
file.

So in order to profile a program on VMS,
you need to do the following:
VMS-Profile and Preprofile; define commands
to run them; run Preprofile on Snail; compile
and link Snail_count; define further commands to
run Snail_count instead of Snail. Then put the
SNAIL.COU file into the same directory as the source
of Snail and run VMS Profile on Snail and (with
luck) you get a profiled file called SNAIL.PRO.

The basic algorithm of Preprofile is fairly
obvious. At each place in the Snail program file
where Profile will need to see a count, Preprofile
inserts a piece of code to advance a counter.
Roughly speaking:

while (condition) do (statement)
becomes

while (condition) do begin

count[i] := count[i]+1 ;
{statement) end;

In the outermost block of Snail, Preprofile
must declare all the extra variables. At the
start of the statement part of the Snail program,
Preprofile inserts code to set all the counters to
zero. At the end, it inserts code to open the count
file, write all the accumulated counts, then close it.

This mechanism now seems to be working, on
all the Snail programs that we have tried. The
most obvious disadvantage is that the Snail_count
program will clearly run even more slowly than the
original Snail did. The extra time is not itself all
that important, because with luck you never need
to run Snail_count more than once. The real
disadvantage of the extra time is that Snail_count
will never produce any useful information unless
it can be run to completion. Another problem is
that all the extra variables that Preprofile inserts
into the Snail program must have names different
from all the variables that were there previously.
We have not managed to solve this problem; the
best we can do is to give the extra variables
unpronounceable names like “ZQRWHZ3XX” which do
not figure prominently in most programmers’ code.
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Preprofile is a much simpler program than
Profile. Profile has to parse the Snail program
in great detail, but Preprofile is interested only
in those syntax words of Pascal that affect the flow
of control in Snail. It turned out that many of
the most complicated parts of Profile could be
replaced by a routine that merely copies parts of
the text to the output file.

Improved Output
We have made several changes to VMS-Profile to

compile and link

try to improve the usefulness of its output. First
consider the index of module names. Profile is de-
signed to work with the Stanford WEB system. (We
assume that everybody is familiar with WEB; see [4]
if not.) As TANGLE assembles a WEB program, it in-
serts markers into its output like {123:}...{:123},
indicating the start and end of the replacement text
of each module. If Profile sees these markers, it
assumes that Snail was originally a WEB program
and generates an index. For each module that con-
tains executable code, Profile calculates the total
cost of all the statements in that module. It also
calculates the cost of each module as a percentage
of the total cost of the whole program.

This index of modules is essential. The output
of Profile is inevitably bulky, and without an
index it would be a hopeless task to wade through
an enormous listing in search of the critical sections.
But Profile only makes an index if it sees WEB-style
module markers. Therefore we have altered VMS-
Profile to make it build an index of functions,
in addition to Profile’s index of modules. (From
now on “function” will include “procedure”.) VMS-
Profile calculates the cost of each function both
as an absolute amount and as a percentage of the
total cost.

We have made minor changes to the format of
the index, to improve its signal-to-noise ratio. Since
the percentage costs calculated by VMS-Profile
are inevitably inaccurate, we see no point in giving
them to 6 decimal places. Also we list only those
modules or functions that score at least 2% of the
total cost.

We have also altered the way VMS-Profile
lays out the Snail program. The main output
of Profile is the whole of the Snail program,
with weight and frequency data attached. This is
arranged in columns like this:

(statement) ....... (weight) {frequency)

In VMS-Profile, we moved the weight and fre-
quency columns to the left hand side. This change
seems ridiculously trivial, but is actually important.
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The original layout has the disadvantage that the
statement has to fit into a fixed width. When
the statement is indented, the width is further re-
duced. The effect is that Profile imposes a limit
of 62 — k on the length of quoted strings in the
Snail program, where k is the current amount of
indentation. This is illogical because Profile is
supposed to work with TANGLE and TANGLE’s limit
is 69. If this limit is violated, Profile stops with
a fatal error. VMS-Profile allows a much larger
limit; if it sees an over-long string it merely splits
it, so the output is essentially undamaged. The
new layout means that a statement can now spread
out to any width; the output file is much shorter
because it does not need so much padding; we can
add a column for weight x frequency (which is the
data the user actually needs).

One of the methods that Knuth used for
debugging TEX was the TRIP test [5,3]. This
is a special input file containing many unusual
constructions, intended to exercise the entire TEX
program. He found that this is a powerful device
for revealing obscure bugs in a program, after the
obvious bugs have been fixed and the program
seems to be working. In order to help with this
method of debugging, VMS-Profile prints a list of
the line numbers of executable statements that did
not get executed in the trial run.

The Many-Languages Problem

This problem is compounded by the fact that
Profile uses a rather simple-minded top-down
parsing algorithm. It is well known that such
parsing methods do not work well on programs
that have syntax errors. In theory this should not
matter because Snail has to be working before it
makes any sense to try to profile it. In practice,
Profile runs into trouble as soon as you ftry to
move it to another machine, say from Machine A
to Machine B. Every construction in B—Pascal that
is not in A—Pascal is seen by Profile as a syntax
error. The usual result is that after a little while,
Profile becomes totally confused and loses track
of the boundaries between statements in the Snail
program. It is therefore essential to adapt Profile
to read B—Pascal before it can be used on the new
machine.

Of course we can always try to make ad-hoc
changes to Profile to support this or that feature
of the new language, but this approach produces
masses of bugs. Even with a debug_help procedure
(based on the one in TEX) it is a difficult business
to adapt Profile to a new system. We believe that
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we have managed to make VMS-Profile support
the whole of Standard Pascal and many of the more
accessible features of VMS Pascal. But we can never
be sure that we have succeeded. There is always
the danger that some unexpected (but perfectly
valid) combination of Pascal syntax will reveal
another bug. We believe that it will require a great
deal of effort to produce a satisfactory solution of
the many-languages problem. Meanwhile, neither
Profile nor VMS-Profile can be regarded as
portable.

The following examples will show some of the
difficulty. Consider what happens when Profile
reads a variable declaration, say

var horse, dog, goat: real;

Profile scans the list of names, then the type, then
it sets up structures in its memory so that it will in
future recognise a “horse” when it sees one. Now
suppose that horse was previously declared in an
outer block. Then Profile again does the obvious
thing: it saves the previous definition of horse
on a stack. When the current block is exited the
previous definition will be un-saved. Now suppose
the definition came in a procedure header, say:

procedure hunt(horse, fox: integer; yak:
real);

Then Profile again knows what to do: it first
defines the parameters horse, fox, and yak: then
it defines the procedure itself.

All this is quite straightforward in principle;
the details are not necessary here. Now consider:
what must Profile do when it reads the word
“forward”? If horse was defined in an outer block,
that definition must be recovered from the stack.
But also the new definition of horse as a parameter
of hunt must be saved somewhere so that Profile
will know what to do with horse when scanning the
definition of hunt. This definition cannot be saved
on the stack because the current stack frame will be
erased by the time we reach the definition of hunt.
It follows that we have to assemble an entirely new
structure to represent a procedure header in order
to handle forward declared procedures before they
have been defined.

In VMS Pascal the formal parameters of func-
tions can have default values. In the previous
example, suppose that horse and fox had been de-
clared with default values. Then when the function
is called you can omit any parameters with defaults
and pass the others by explicit assignment, as in:
hunt(yak:=4). The library procedures of VMS
Pascal make extensive use of this feature.
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The VMS versions of TEX and METAFONT use
parts of the VMS system library. In order to handle
these programs VMS-Profile must read the library
header file (called “starlet.pas”). This file is a
monster, nearly three times as large as TEX.PAS.
We had to increase the size of all the arrays in
VMS-Profile to accommodate all the data; in turn
this forced us to use long numbers to address these
arrays because 16-bit numbers are not large enough.

It is clear that adapting Profile to another
machine is not just a simple matter of adapting its
system-dependent procedures to the eccentricities
of a new compiler. Many of the internal struc-
tures have to be redesigned. These structures are
represented by linked lists. It is terribly easy for list-
processing programs to become messy, and messy
programming is utterly abhorrent to the spirit of
the WEB language. It is an accepted convention
that any respectable WEB program must contain a
clear explanation of how it is supposed to work.
There seem to be two main difficulties that must
be overcome in order to write a clean program
that does list-processing. First, it is impossible to
specify the structure of a complicated list in words.
We need an easily-readable notation. We have
therefore included in VMS-Profile the beginnings
of a suite of TEX macros for this purpose. These
macros are no use for complicated lists; even so,
they make a valuable contribution to the clarity of
VMS-Profile. The Appendix at the end shows
some examples.

The second main difficulty of list-processing is
that Pascal has no suitable primitives; so every
operation needs half-a-dozen statements. We have
therefore written a set of WEB macros for simple list
operations.

Although the many-languages problem is un-
solved, we have managed to solve a small part of it.
VMS Pascal provides a great many non-Standard
predeclared functions. Some of these have weird
syntax. The most extreme example is the open
procedure, which links a disk file to a Pascal file
variable. This procedure is both complicated and
important; it is difficult to imagine how any serious
programmer in VMS Pascal could avoid using it.
Its declaration is something like this:

procedure open(file_variable:file;
file_name:S_typ:=’’;
history:H_typ:=new;
record_length:integer:=132;
access_method:A_typ:=sequential;
record_type:R_typ:=variable;
carriage_control:C_typ:=list;
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organization:0_typ:=sequential;
disposition:D_typ:=save;
file_sharing:W_typ:=none;

function user_action:integer:=nomne;
default:S_typ:=’’;
error:E_typ:=message); extern ;

where S_typ can be any character string type and
H_typ, etc., are enumerated types whose values are
here immaterial. (The true definition of open is even
more complicated than this simplified paraphrase
suggests; it seems to be impossible to express this
in Pascal.) In order to handle these predeclared
functions, VMS-Profile must assemble suitable
structures in memory to represent their headers. It
would be an unbearably long and error-prone task
to do this by hand. The only tolerable method is to
write the declarations of these functions into a file
and make VMS-Profile read them before it reads
the Snail program itself.

For this purpose, we use the pool file mechanism
of the WEB language. This is a most valuable feature
of WEB which deserves to be far more widely used
than it is at present. We have yet to see any
large Pascal program that could not be improved
by judicious use of this mechanism. It was invented
by Knuth to circumvent the difficulty that Standard
Pascal has no satisfactory mechanism for handling
character strings. When TANGLE is assembling a
WEB program, if it reads a string in double quotes, it
writes that string into a supplementary file called a
pool file. The idea is that the Tangled program can
then read all these strings from its pool file into its
memory. So we insert all the predeclarations into
the VMS_PROFILE.WEB file. When VMS-Profile
starts up it reads the pool file before it reads the
Snail file. Here are some sample definitions:

declare("const true=1i;false=0;",
"maxint=2147483647 ;minint=-maxint;",
"minchar=0;maxchar=255;",
"type boolean=false..true;",
"integer=minint..maxint;",
"char=minchar. .maxchar;",
"text=file of char;")

The declarations are written in the usual Pascal
form; they may extend over several lines and each
line must be enclosed in double quotes. Then
declare must be called on these lines. Several
lines may be declared at once; then they must
be separated by commas to keep TANGLE happy.
Procedures and functions must have just the header,
followed by “extern”. For comparison, here is part
of the equivalent code from Profile:
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char_loc:=get_avail;
info(char_loc) :=char_type; -
int_loc:=get_avail;
info(int_loc):=int_type;
p:=get_avail; link(int_loc):=p;
q:=get_avail; val(q):=-max_int;
info(p):=q; q:=get_avail;
val(q):=max_int; link(p):=q;
bool_loc:=get_avail;
info(bool_loc):=int_type;
pi=get_avail; link(bool_loc):=p;
zero_loc:=get_avail; val(zero_loc):=0;
info(p):=zero_loc; one_loc:=get_avail;
val(one_loc):=1; link(p):=one_loc;
id5(l\f“) (I\a“) (Hl!l) (l\sH) (l\eﬂ)
(bool_const) (0);
idda("t") ("r") ("u) ("e") (bool_const) (1);
p:=get_avail; val(p):=max_int;
ide("m") ("a") ("x") ("1 ("n") (")
(int_const) (p);
1d7 iy ("o (e (Me™) (g™ (Me) (")
(defined_type) (int_loc);
id7("b") ("o") (Mo") ("1M) (Me™) ("a") ("n")
(defined_type) (bool_loc);

And here is how it all works. Declare is a
WEB macro with no replacement text. When TANGLE
reads a declare, it first evaluates the argument. As
this is a string in double quotes, it copies the string
into the pool file. Then it evaluates the declare
and solemnly puts nothing into the Pascal file.
Then VMS-Profile reads the pool file and parses
the declarations as if they were part of the Snail
file itself. Where functions use non-standard syntax
(like write and open above) we have made some
ad-hoc changes to VMS-Profile’s parsing routines
to support these. ,

We believe that this mechanism is much cleaner
than the previous one, as you can actually read
the declarations. It does have one unfortunate
consequence; in order for VMS-Profile to allow for
the execution time of these predeclared functions,
we must specify these times. This is done using
Profile’s “change-weight” mechanism. Recall that
the weight of a statement is the estimated time
to run it once. If Profile gets this wrong, you
can rectify this by adding a so called “change-
weight” comment, which looks like this: {+100}.
This means “add 100 units to the cost of the
current statement”. In VMS-Profile you can add
change-weight comments to external declarations,
thus:

declare("function sin(x:real):real;",
"extern{+100};")
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If this comment is seen, then the number is assumed
to be the cost of the function. In this respect VMS-
Profile is inferior to Profile, because in Profile
all the costs are tidily collected together in one place.
We think the improvement in clarity outweighs the
price.

Future Developments

The current version of VMS-Profile contains sev-
eral problems besides those mentioned above. The
first concerns the accuracy of the calculated profile.
Ideally, when moving Profile to a new machine,
one ought to calibrate it by measuring the time
taken to do all the primitive operations and writing
these times into the table of costs in the program.
This would be a tremendously long and messy job,
and probably not worth doing. Given that VMS-
Profile works by examining the source of Snail, it
cannot possibly have as close a contact with reality
as a profiler that actually monitors the crawling
Snail. On the other hand an accurate profile is
neither needed nor possible. Any modern operating
system is doing several jobs at once; so the time
taken for a given task will vary according to the
burden of other tasks. If a profiler gives a useful
result, that result will be that “function X is using
10 times as much time as everything else”. Since
the truth is inevitably fuzzy, we believe that any
calculated profile within a factor of 2 is probably
good enough for practical purposes.

When discussing Profile’s index, we said that
Profile produces a list of all the modules in Snail
and their total costs, and slurred over the question
of how this is actually done. There are two ways
of doing this. If M is a module, then its ezplicit
cost is defined as the total cost of the statements
actually contained in M. But WEB modules may be
nested to any depth. So we can also define the
implicit cost of a module. The implicit cost of
module M is the total cost of the statements in M and
also all modules directly or indirectly included in M.
Roughly speaking, the explicit cost of a module is
the amount of time you might save by rewriting its
code to run infinitely fast; the implicit cost is what
you might save if you could bypass that module
altogether. Profile lists all the modules in Snail,
giving both their explicit and implicit costs.

When VMS-Profile calculates its index of
functions, it can only calculate explicit costs. The
explicit cost of a function F is the (estimated)
amount of time used by the code that is actually
part of F, ignoring any time used by functions
called by F. The only way we could estimate an
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implicit cost of F would be by assuming that every
invocation of every function uses the same time.
(This assumption is clearly false, but VMS-Profile
has no way to get more accurate information.)

Suppose that function F calls function G ¢
times. Then we must add ¢ x ¢/n to the implicit
cost of F, where ¢ is the cost of G and n is the
total number of times G has been called. This
simple-minded approach fails when functions call
one another recursively. In order to find implicit
costs, VMS-Profile would have to solve a set of
linear equations. It is easy to prove that the matrix
of coefficients is nonsingular but ill conditioned. We
have not tackled the problems of assembling these
equations or of finding a suitable method for solving
them.

In conclusion, we believe that Knuth’s profiler
is potentially a useful program, but it cannot realise
its full potential until it is made portable. Copies of

Appendix 1

Here we give some examples of the linked-list macros mentioned earlier.
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VMS-Profile and Preprofile have been submit-
ted to the archives at Aston, with a suggested direc-
tory name “[tex-archive.utils.vms-profilel”.
They may be freely copied, “as is”, on condition
that no warranty is expressed or implied.
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There are some errors of

mis-alignment, which we regard as not worth fixing. A Pascal array type is represented by the structure:

[ "array” | |—[ tindex

| —basetype

and multi-dimensional arrays by:

[T"array" | |——[ tindexi

| — [razzay” |

|—[ tindex2 [ ] ... —basetype.

A record type is represented by

[ "record" | |-—[ tfieldl | |—[ tfiela2 [ ]...—| tfieldn | null |

where each pointer field: points to | name | type |.

Finally, a function declaration is represented by

[ "function" | |—[ tresult |

| — [ 1P1 |

| — {21 |..

— [Pn [l ]

where P1, etc., correspond to the parameters. For each parameter, P1 points to:

P1—| name | |—| mechanism | |—type.

While a list is being built, it looks like this:

|—|[ B —lcC oL W

null

—‘ITL_I—W A |

;

This structure is non-intuitive, but it works. The chief booby-trap is that you must remember to remove
or bypass the leading cell before starting to extract data from the list.

Appendix 2

This is the source for Appendix 1, with most of the plain text deleted. First, the underlying macros:

% This one puts a box around its argument; based on the
% ’control sequence token’ macro in TeXbook

\def\cstok#1{\leavevmode\thinspace\hbox{\vrule\vtop{\vbox{\hrule
\hbox{\vphantom{\chari24}\thinspace{\ninett#1}\thinspace}}

\hrule}\vrule}\thinspace}
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% Partitioned boxes for linked lists

\def\abox#1{\cstok{\hskipO.5em#1\hskipO.5em}}
\def\dbox#1#2{\cstok{\hskipO.Bem#1\hskipO.5em$\char124$\hskip0.5em#2\hskip0.5em}}
\def\leftbox#1{\dbox{#1}{}}

\def\T0{$\longrightarrow$}
\def\m{\hskip0.5em&\hskip-0.5em}
\def\"{\char’013}
\def\d{$\downarrow$}
\def\u{$\uparrow$}

% Pascal arrays:
\centerline{\leftbox{"array"I\T0\leftbox{\"index}\T0 {\tt basetypel}}

\centerline{\leftbox {"array"}\TO\leftbox {\~index1}\TO
\leftbox {"array"}\TO \leftbox {\~index2} \dots\TO {\tt basetypel}.}

% Record type:

\centerline{\leftbox {"record"}\TO\leftbox {\"field1}\TO

\leftbox {\"field2}\dots\TO\dbox {\"field$n$}{null}}

\noindent where each pointer {\tt field$i$} points %o \dbox {name}{typel}.

\noindent Finally, a function declaration is represented by

\centerline{\leftbox{"function"}\TO\leftbox{\ "result}\TO
\leftbox{\"P1}\T0\1leftbox{\"P2} \dots\TO\dbox{\"P$n$}{null}}

For each parameter, {\tt P1} points to:
\centerline{{\tt P1}\TO \leftbox{name}\TO \leftbox{mechanism}\TO {\tt type}.}
% List structure:

$3\vbox{ \baselineskip=12pt
\+\TO\m\leftbox{}\TO\leftbox {A}\TO\leftbox {B}\TO\leftbox {C}\dots\TO
\m\dbox{W}{nullM\cr \+&\d&\u\cr \vskip-9pt \+&\hrulefillZ\cr }$$

¢ R.M.Damerell
Maths Dept,
Royal Holloway & Bedford New College
Egham, Surrey, U.K.
Janet: uhah208@Quk.ac.ulcc.pluto
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Fonts

Arrows for Technical Drawings

David Salomon

Introduction

A general note: Square brackets are used through-
out this article to refer to The TEXbook. Thus [437]
refers to page 437.

Arrows, both vertical and horizontal, are com-
mon in technical diagrams. Unfortunately, the ar-
rows available in TEX (\rightarrow, \Rightarrow,
\longrightarrow {437], & \rightarrowfill [226])
are of limited use. The arrowheads are available in
only one size and style, they already have short rules
attached and, as the diagrams below show, they are
inconveniently positioned in their bounding boxes.

= =

The left and right arrows are shorter than their
bounding boxes, and are not vertically centered in
the boxes. The up and down arrows are narrower
than their boxes, and have depths (of approximately
1.944pt). As a result, the simple construct

\def\vrulefill{\leaders\vrule\vfill}
\vbox to25pt{\offinterlineskip
\hbox{$\uparrow$}\vrulefill
\hbox{$\downarrow$}}

creates

!

and something more complicated is needed to align
the rule with the arrows. Also the vertical size
of the construction above is 26.944pt, not 25pt,
because of the depth of the downarrow. Similarly,
the result of

\hbox to25pt{$\leftarrow$’
\hrulefill$\rightarrow$}

is
>
Also, since each arrow is about 8pt long,
very short double arrows are impossible to create.
Something such as

\hbox tolOpt{$\leftarrow$y
\hrulefill$\rightarrow$}

causes an ‘overfull box’.

IATEX offers more arrows in its line font. They
can point in quite a few directions, but there is only
one style.

TUGboat, Volume 13 (1992), No. 2

Description of the arrowheads

To satisfy my personal needs, I decided to develop
a font for arrowheads that will be well documented
and easy to use, yet general enough to produce
arrowheads of many shapes. An important require-
ment was that the arrowheads be easy to place at
the tips of rules. Since TEX does not have diagonal
rules, only horizontal and vertical arrowheads were
developed. The methods used here, however, can
easily be extended for diagonal arrowheads.

The discussion below assumes a right-pointing
arrowhead, but the results can easily be applied to
the three other directions. A general arrowhead
(see Figure 1) is defined by five points, z;...zs,
of which z4 is the origin, and z5 is a reflection of
z7 (about the horizontal line at height .5ruledim).
The two front edges are curved, the two back ones
are straight, and there is a flat area at the base, to
attach a rule. The exact shape of the arrowhead
depends on the following parameters:

» wd is the distance from the tip to the base of
the arrowhead. The bounding box has width wd.

» tail is the distance from the base to the ends
of the wings. The total width of the arrowhead is,
therefore, wd+tail, but only wd units are included
in the bounding box; the rest sticks out of it.
Negative values of tail produce arrowheads shaped
like ¢, and large positive values (>wd) create
arrowheads shaped like,. tail, therefore, should
normally vary in the narrow range 0...wd.

» ht is the (approximate) total height of the
arrowhead. The bounding box has height .5ht
{and zero depth). Very tall arrowheads, such as

, are rarely used, so ht should normally be less
than the total width of the arrowhead. Because of
the special way arrows are used (see below), the
bounding box has no depth. As a result, the left-
and right-pointing arrowheads (and, normally, the
upward one as well) stick below their boxes.

s The height of a standard \hrule is 0.4pt, so
it makes sense to center the arrowhead 0.2pt above
the baseline. However, to allow for any size rule,
there is a parameter, ruledim, whose value should
be the height of the rule to which the arrowhead
is going to be attached. The arrowhead is centered
.bruledim above the baseline.

Points z3, z4 guarantee that, regardless of the
shape of the arrowhead, there will be a flat area of
size ruledim at the base of the arrowhead, so it can
be smoothly connected to the rule. A close look
at the code shows that the height of the arrowhead
(z2 — 25) is ht—ruledim so, in order to end up with
something that looks like an arrowhead, ht should
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