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Donald Knuth, Grand Wizard of TgX-arcana
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David Fuchs, Wizard of I/O and SAIL

Barbara Beeton, Wizard of Format Modules

Nicholas Allen, Wizard of TOPS-10

Arnold Pizer, Wizard of TOPS-10

Phil Sherrod, Wizard of TOPS-10, Coordinator for DEC10
Patrick Milligan, Wizard of TOPS-20, Coordinator for DEC20
Michael Spivak, Wizard of AMS-TEX

Richard Zippel, Wizard of ITS

Hermann Zapf, Wizard of Fonts

Charles Howerton, Liaison with the
National Bureau of Standards

Richard Friday, Liaison with Digital Equipment Corporation
Michael Bennett, Foreign Distribution of TEX

Site Coordinators

Eagle Berns, Coordinator for IBM 370

Thea Hodge, Coordinator for CDC Cyber
Scott McCourt, Coordinator for Burroughs
Monte Nichols, Coordinator for VAX

Ralph Stromquist, Coordinator for Univac 1100




Very few compositors are fond of algebra.

Thomas MacKellar
The American Printer:

A Manual of Typography,
Philadelphia,

Mackellar, Smiths & Jordan, 1871.
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Editor’s note: This iseue is especially large because
all items received by press time have been included.
The Editor believes that information should be relayed
to the TUG membership as soon as poasible, so nothing
is being held over for another iseue.

* % % ®* ¥ *x % * % % %

General Delivery
* ¢ % % % % £ % % % *

SITE COORDINATORS
Robert Welland

The following people, who are bringing up TEX
on machines at their institutions, have agreed to
be site coordinators. Their primary responsibility
is to get TEX running and when this is done to write
up a report for TUGboat. They have also agreed
to answer a limited number of questions; they offer
this help for free and the time to do so comes from
very busy schedules. If you are not involved with
bringing up TEX, please wait for the site reports to
appear in TUGboat. Hopefully, they will answer
most questions and make manageable the burden
the site coordinators will have to bear.

H you are bringing up TEX on one of the fol-
lowing machines please inform the appropriate per-
son; otherwise send the information to the TUGboat
editor, Robert Welland.

Machine Coordinator
Burroughs Bé8000  Scott McCourt
Burroughs Corp. B.C.8. Project
Corporate Drive, Commerce Park
Danbury, CT 06810
208-T94-0191 ext 515

Thea Hodge

University Computing Center

208 Union St. 8.E. .

University of Minnesota

Minneapolis MN 55455
612-373-45090

Phil Sherrod

Box 1577 Station B

Vanderbilt University

Nashville, TN 37285
615-322-7811 ext 2951

Patrick Milligan

Bell Northern Research Inc.

685 A Middlefield Rd.

Mountain View, CA 04048
415-989-9170 ext 2837

E Berns

Polya 207

Stan{;)rd Center for Information

T0

Stanford University

Stanford, CA 94305
415-407-4382

Ralph 8tromaquist

Acsdemic Computing Center

University of nsin

1210 W, Dayton St.

Madison, WI 53706
608-262-8821

CDC Cyber

DEC10 ruaning
under TOPS-10

DEC20 running
under TOPS-20

IBM 370

Univac 1100/83

Monte Nichols

Sandis National Laboratories

Livermore, CA 94550
415-422-2706

VAX

# % % % ¥ % % % % % ¥

CHAIRMAN'S REPORT
Richard S. Palais

The Steering Committee of TUG met for most of
the day on January 9 at the San Francisco Hilton.
Much of what transpired at that meeting is reported
on elsewhere in this newsletter. I would like to
concentrate here on two aspects of the discussions.
The first of these is a continuing strong division
of opinion on the question of TgX “maintenance®,
a matter that many will remember already evoked
considerable debate at the first TUG meeting. The
disagreement is over which of two goals, both ob-
viously desirable, should take precedence. One goal
is that TgX should remain as “free” as possible and
the other is that TgX should be as carefully and
professionally maintained as possible. At one ex-
treme are the large “production” users who would
like rapid and dependable advice and help with all
their software problems. For them TEX will be one
module in a complex system. They have deadlines
to meet that require that all these modules work,
and they are used to, willing, and able to pay up
to several thousand dollars per year to have real
or imagined bugs exorcised on the spot and have
their software tailored, tuned, and customized for
them. At the other extreme is the single, small

. user with little or no money to spend but com-

petent, willing and able to invest his time and effort
in “hacking TgX” for himself. Complicating mat-
ters is a third and perhaps over-riding goal, the
need to assure that there remains a single, stand-
ard “TgX", compatible across many machine ar-
chitectures and output devices. Fortunately these
goals and the constituencies supporting them are not
really conflicting, but rather orthogonal. With care
and compromise there does not seem to me to be
any serious reason why the various categories of TEX
users cannot all have their needs met. But it is clear
that to avoid nonproductive conflicts and polariza-
tions everyone in TUG will have to keep in mind that
the TUG membership is anything but homogeneous
and several different options will frequently have to
be provided to satisfy all the different classes of TEX
users.

The second matter I would like to discuss is the
Steering Committee’s decision to call for a TEX
Implementation Workshop at Stanford in the middle
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of May. This will be 2 two day meeting. One day
will be a TgX demonstration day, open to all present
and prospective TUG members. This is meant to
give an opportunity to become familiar with the
various components of the TgX system, and in par-
ticular with the different output device options. (At
present at Stanford it is possible to have a TgX-
produced DVI file output on any one of a Xerox
XGP or a Versatec electrostatic printer/plotter, an
Alphatype CRS typesetter, or a Canon or Xerox
(Dover) laser printer.) The other day is aimed
primarily at those actively or prospectively engaged
in the implementation of TEX systems and the goal
is to maximize the amount of help and information
these people can exchange with each other and with
the central TEX team at Stanford. The ultimate
goal of this implementation project is to be able to
supply “off the shelf® to anyone desiring it all the
components of a completely working TEX system.
Let us consider for the moment what these com-
ponents are:

(A) TeX-in-Pascal.

(1) System independent part.
{(2) System dependent part.

(B) Font files. .
(1) Font information files (device independent).
(2) “Character shape” files.

(C) DVI-to-hardcopy back end.

(1) Output device hardware interfaces.

(2) Software for output device interfaces.

(8) Queuers, spoolers, device drivers for output

devices.
(4) Character shape file “pipeline” from host disk
system.

Part (A) (together with Bl) is what is necessary to
produce DVI output files from a valid TEX input
file. Now Al has long been complete, and A2 is
either completed or nearing completion for a wide
spectrum of host machines of different manufacture,
architecture and operating systems (DEC TOPS-10,
TOPS-20, VAX VMS, VAX UNIX; IBM 360/370;
CDC Cyber; Univac 1100). I think that we can
look forward with some confidence to the May meet-
ing as marking the virtual completion of this first
phase of TEX implementation. Now as for part B,
the creation of a basic font library, that too is es-
sentially complete. The whole family of CM fonts
(and others besides) now exist as METAFONT pro-
grams. Recall from this column in the first num-
ber of the TUG newsletter that METAFONT not
only creates the device independent font informa-
tion file (containing the size, spacing, kerning, and
ligature information needed by TgX to create a DVI
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file), but also, once a simple interface program is
written for a given output device, METAFONT will
create the character shape files, in the form of raster
patterns stored as, say, matrices of zeros and ones.
Such METAFONT interfaces have now been written
for over a half dozen output devices, running from
the super high resolution (5300 dot/inch) Alphatype
CRS to the low resolution (128 dot/inch) Florida
Data impact printer.

So what is rapidly approaching is the final phase
of the TgX implementation program, the creation
of the back-end systems which for a given host
masinframe and output device will, from the DVI file
and character shape files, produce the hardcopy out-
put. Now as David Fuchs has remarked, life would
be quite easy if output devices had built into them
enough disk-type storage to handle all the character
shape files for sixty-four fonts of 128 characters each
and enough logic to process the DVI files into raster
scan lines. One would still have the (rather trivial)
job of writing for each operating system spoolers
and queuing programs to send DVI files over a serial
line to this ideal output device in an orderly fashion,
but one would be able to avoid a host of other
small headaches that real world output devices force
one to deal with. Since, in fact, output devices
usually have no usable general purpose microcom-
puter built in, one must interface the host computer
to the output device via a microcomputer able to
speak to both. Also, since all the character shape
files that must be accessible to process a complex
DVI file can in principle run in the megabyte range,
economic considerations mandate that with current
technology these files must be kept on the host com-
puter disk memory, and then downloaded as neces-
sary to a small floppy disk system associated to
the microcomputer interface over the (for simplicity)
serial line joining it to the host computer. Now,
designing the hardware interface from off the shelf
items and writing the software to make it all go is
not a major project for an expert systems program-
mer who understands the format of DVI files and
character shape files and knows how to communicate
scan lines to the output device. Perhaps a month
or two of hard work will suffice. What is frustrat-
ing is that these systems are extremely sensitive to
small differences in the various protocols of operat-
ing systems and output devices, so if there are m
of the former and n of the latter one could easily
end up doing this same work mn times. Of course
common sense tells us that good planning should be
able to reduce this to more like m - n times. (For
example, David Fuchs could probably interface one
more output device to TOPS-20 in under a week.)
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A major reason for the May meeting is to reduce as
much as possible unnecessary duplication of effort in
this final part of the program to make TEX generally
available.

* % % % % % % £ * * 3

REPORT ON THE
TUG STEERING COMMITTEE MEETING

The TUG Steering Committee and several observ-
ers met at the San Francisco Hilton on January 9,
1980. Below is reported the gist of that meeting as
recovered from tape recordings and my notes. Since
several topics re-emerged throughout the meeting, I
have not reported in any order related to that of the
meeting.

Robert Morris
ATTENDANCE

The following attended:

Barbara Beeton, AMS Providence
Max Dfaz, Stanford

Barry Doherty, AMS Providence
David Fuchs, Stanford

Ellen Heiser, AMS Providence

Don Knuth, Stanford

Leslie Lamport, SRI

William LeVeque, AMS Providence
Patrick Milligan, Bell Northern Research
Robert Morris, UMASS/Boston
Evon Motiska, Stanford

Monte Nichols, Sandia Labs
Richard Palais, Brandeis

Lynne Price, Bell Northern Research
David Rogers, University of Michigan
J. L. Selfridge, Math Reviews

Phil Sherrod, Vanderbilt

Michael Spivak, Decatur, Ga.

Rilla Thedford, Math Reviews

Luis Trabb-Pardo, Stanford

Bob Welland, Northwestern

Sam Whidden, AMS Providence

W. B. Woolf, Math Reviews

Ignacio Zabala, Stanford

Tasasurer's Rerorr

Sam Whidden gave the treasurer’s report, at-
tached. The cost of producing the first newsletter
exceeded the treasury by $419. It is estimated that
an additional $3600 is needed for two issues in 1981.
MiscrLLANY

Pat Milligan and Lynn Price of Bell Northern
Research have been extensively developing macros
in-house and have had successes making overhead
slides, Hebrew, and special graphics.

AMS-TEX

Mike Spivak reported that version —1 works
as indicated in The Joy of TEX, where not-yet-
implemented features are indicated in handwritten
marginalia. The Joy was not processed by AMS-TEX,
which will now enter its fleld testing phase as people
begin to use it. An order form for a tape is included
with the manual, for sale at AMS headquarters. The
first finder of each manual misprint will receive a $1
bounty, and the first finder of each AMS-TEX bug
a $5 bounty. Bounty may be claimed by writing
Mike at the address in The Joy of TEX. The Joy
was produced on the Providence Alphatype, which
is exhibiting some backlash problems resulting in
distortion of some vertical lines.

AMS-TEX has too many macros for easy use in the
SAIL TgX running now at Providence. The Pascal
version is not expected to have the size limitations
which caused the problems, which in any case can be
changed by recompiling TgX with bigger values of
hashsize. The Pascal version will provide 3 bits more
address space for internal memory than the SAIL
version and such problems will not be serious. A
similar problem with memsize appears when setting
multi-column output. These should also disappear
in the Pascal version. Making AMS-TEX macros
more efficient will help, which Mike will do this
week.

MAINTENANCE

The administrative burden of maintaining TEX
has become too large for Stanford to support on
the informal basis they do. Throughout the meet-
ing at various times debate raged on the ap-
propriate mechanism for maintenance. Since this
is inextricable from membership fees, a Finance
Committee was formed to recommend a main-
tenance policy, to recommend a membership fee
policy, and to explore sources of support, e.g. foun-
dations. This consists of Sam Whiddenr, Luis Trabb-
Pardo, chairman, Bob Morris, Pat Milligan and
Monte Nichols. It seemed that everyone agreed
that TUG would run a TgX switchboard whereby
someone would be paid to tell callers who can answer
their questions. Luis and the Stanford people are
spending too much time doing this and answering
the questions. The switchboard could also refer
people to an up-to-date list of consultants for hire.

The (unsettled) argument about maintenance
varied between two positions: (a) Some organization
with either an explicit financial interest or an in-
house TEX support facility should maintain TEX at
TUG’s expense. (b) There should be no financial
burden whatsoever on the membership and no par-
ticular TEX maintenance should be endorsed by the




Users Group (see separate articles in this newsletter).
Knuth’s intention is that the released Pascal TgX
will be a single stable core (aside from the system
dependent module) which can be uniformly main-
tained for all versions and should not have any sup-
ported enhancements.

TUG MeeTine

No general TUG meeting will be called until
the Pascal TgX is released. However, an Imple-
mentor’s Workshop has been called for May 14-15
at Stanford. This will be coupled with a TEX open
house comprising demonstrations for people who
don’t know what TgX is. Details are elsewhere in
this issue.

Pascar TEX

A detailed report of each architecture appears
elsewhere in this issue. Knuth expects to read
the Pascal version’s code this spring very carefully
before its public release. When released, it will
be frozen with no enhancements or changes per-
haps aside from bug fixes. At present, the only
fully operational Pascal version is the TOPS-20 im-
plementation. Omne problem is that implementors
have also to get their output hardware working in
order to see output. In general interfacing output
devices is proving a greater share of the implemen-
tation efforts than people imagined, but has nothing
directly to do with bringing up Pascal versions.

Epucation

Knuth is making a video tape to teach TEX to
users. He intends for this tape ultimately to be
available through TUG.

Ourrur DevicES

Phil Sherrod: It took a week to get the SAIL ver-
sion working on TOPS-10, but nearly a year to get
all the output device interfaces conveniently working
(e.g. spoolers) although only a month to get some-
thing up. Finding the right hardware interfacing
was lengthy and mysterious. TUG should maintain
descriptions of what kind of hardware to buy and
what the software interfaces involve.

Phil will write an article describing the tribula-
tions of output device implementors.

There was a belief expressed that the output
device vendors would have to be involved in output
interfaces. Cooperation greater than that already
provided by manufacturers of existing devices will
be needed for wide applicability. Luis Trabb-Pardo
expressed the belief that more intelligence needs to
be provided in devices in order to relieve burden
on the host, which will allow less system dependent
software. The problem is that Xerographic printers
are or soon will be selling for about $3000 for the
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printing engine. The interface will cost about the
same, bringing the OEM cost to about $6-7,000.
The end-user prices will be around $20,000 for com-
plete printing systems. These will have sufficient in-
telligence to take DVI files more or less directly. A
similar arrangement based on electrostatic printers
should sell for around $10,000 end-user system price.

Math. Reviews has interfaced a Florida Data dot
matrix printer with the same mechanism (a $3500
one-board Z80 system) to drive it in graphics mode.
The device has 128 dots/inch and might be suitable
for very rough copy. It is doing TEX output at about
30 seconds per page, which is a little slower than the
electrostatic devices.

Varian, Versatec, Dover, and Alphatypes are
working at several sites. The Dover does not accept
DVI files and is in any case not commercially avail-
able.

1980 TUG TREASURER'S REPORT
Samuel B. Whidden

During 1980 the first issue of TUGboat appeared.
The costs associated with its printing and distribu-
tion amounted to $1,719. (Not included in this
figure are costs for services provided by AMS profes-
sional staff.) As of December 31, 1980, 130 member-
ship applications have been received for for a total
income of $1,300.

Income: Membership $1,300
Expenses:  Printing $1,232
Postage 371
Mailing/Labor 116 1,719
Balance (as of 12/31/80) (8 419)

Based on the costs for 1980, it is anticipated that
direct costs associated with the production and dis-
tribution of two issues of TUGboat during 1981 will
be approximately $3,600, with the AMS continuing
to contribute the services of its professional staff.

Respectfully submitted,
Samuel B. Whidden, Treasurer
January 5, 1981

(Note: As of 2/6/81 a total of 258 paid member-

ship applications had been received.)

INFORMAL TUG SESSION
Robert A. Morris

On the aftermoon of January 9, various TUG
Steering Committee members and other interested
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people met at the Hilton for informal discussion.
Among the people I can remember were there
were: Lynne Price and Pat Milligan (Beil Northern
Research), Leslie Lamport (SRI), Luis Trabb-Pardo
(Stanford), Rilla Thedford (Math Reviews), Arnie
Pizer (Rochester). Possibly I have missed some. I
have reported below some of the wishes, rumors,
and reports from this meeting and other sources.
Nothing is guaranteed accurate!

Lynne and Pat have extensive macro experience
and have made slides, Hebrew, and are advocating
TEX as a standard for in-house technical documen-
tation in their organisation.

Some desires: improved user interfaces. Lynne
will start collecting complaints and suggestions.
AMS-TEX is an example.

Many people want a TEX preprocessor which can
run on small machines with which people can test
the syntax of their TgX input. (But Unidot has its
C version running on an Onyx UNIX system with
a Versatec printer and hopes for release soon. This
could presumably be used even without an output
device. It apparently is based on the SAIL version of
TEX. Will it be released with all the changes which
end up in the Pascal version? It will be for sale.)

Luis: In principle, all that is needed for the use of
an arbitrary printing engine is cooperation from the
vendor in providing (a) Font Metrics for each font;
(b) If the galley proof cost is high, will they provide
proof mode encodings (e.g. at 200 dots/inch), not
only thereby protecting their own font investment
but allowing users to run proof mode versions of
their fonts on a proof device? (c) Is the typesetter
language available to people to write DVI-to-device
drivers? (d) Is the manufacturer willing to include
math fonts made by METAFONT?

A trick if your macro packages are too big to fit
(which shouldnt happen very much in the Pascal
versions): redeflne as null macros which will not
be used again. This will return the space to the
memory manager.

Leslie Lamport: A trick to avoid un-matched
brace syntax errors: When using a screen editor like
EMACS, use a macro which creates matching braces
with nothing between them except the cursor. The
closing brace is then automatically there after the
text entry is finished.

* % % % * % * * % % %

Editor’s note: The ollowing two articles give diver-
gent views on the subject of how the TEX program is
to be maintained in the future. Readers are invited to
comment, and to make knoun their own views on the
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subject before the mext meeting of the TUG Steering
Committee in May.

* % * % % % *x x % * =%

A POSITION ON TgX MAINTENANCE
Robert Morris, UMASS/Boston

There are at least two diametrically opposed
maintenance/distribution models we can consider.
The production user, like AMS or a commercial
user, wants something like a fully supported TgX.
Such a user has a calculable, or at least identifiable,
financial penalty which it incurs when the software
it is using does not work. On the other hand is the
university user facing little or no budget resources
which it can devote to buying support, but also
having no particular time constraints and having a
pool of talent—its students—which can tweak non-
working software. Since I am in the second com-
munity, I would like to argue in favor of TUG’s in-
volvement being closer to the second model, while
facilitating the other class of users solving their sup-
port needs at their own expense.

I believe that few universities would benefit by
paying $1,000/year membership fee to TUG. Indeed,
$200 seems too much to me for an organization
which can wait weeks to get sick software fixed.
Instead of contributing to extensive TEX support,
I suggest that there be designated distribution sites
for each architecture, selected from some organiza-
tion heavily using TgX on that architecture. These
sites would make standard release tapes at cost and
would incorporate bug fixes at designated intervals
(quarterly?). Their interest would lie principally in
being the funnel for proposed bug fixes (which would
often be proposed by the discoverer of the problem)
and thereby having the first and widest perspective
on maintenance. Presumably these would be or-
ganizations which are already maintaining TEX in-
house and thus have sufficient expertise to recognize
whether a bug report is in fact a TgX problem or a
user problem.

The other side of this essentially un-supported
TEX is that users can tinker with TgX and circu-
late their own “enhancements®. On the one hand,
this is contrary to desires that Knuth has expressed.
On the other hand, it is bound to happen when
sources are distributed, and I am not convinced it is
bad. The most successful model of this kind of un-
supported source distribution is the UNIX operat-
ing system. UNIX is distributed free to educational
users with source licenses. Tapes are made at cost
by the licensor, Bell Laboratories. Often, these
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releases do not work on the precise configuration
the licensee has and varying degrees of work are
required to bring up the system. Alternatively,
users often get copies of the system not from Bell
Laboratories but from another site with the same
or similar configurations. Many users modify their
systems and/or install major modifications made by
other sites. This process continued for 6-7 years
throughout the life of “version 6 UNIX”, the first
version in wide circulation. All this experimenta-
tion led to two things: a bizarre proliferation of
somewhat incompatible versions of UNIX and a sub-
stantial base of expertise about the system coupled
with a great deal of experimentation toward mod-
ernizing the operating system. The result of the
former was that UNIX came to be regarded as need-
ing substantial systems programming expertise to
keep it running (a false belief which did not take

_into account the simplicity of the operating system
and the ease of dealing with code written in a high-
level language). The result of the latter was that
version 7 UNIX and that for the VAX have incor-
porated the results of these experiments and ap-
parently produced a very contemporary and useful
operating system which internally looks little like
version 8, but to users is very similar. After all this
tinkering, the resulting product seems to be useful
not only in universities, but at high prices in com-
mercial environments.

On the one hand, such a model seems incom-
patible with Knuth’s position that TEX will be
released in such a way that tinkering is un-needed.
He prefers that people think of TEX as something
which will not need enhancement, but rather will be
the foundation of similar future developments which
are not TEX but (hopefully) something better. On
the other hand, it suggests that the way to find what
the something better might be is actually by the
kind of refinement which took place in UNIX with
wide circulation (among licensees in that case, but
presumably among everyone in the TgX case).

It strikes me that any form of TEX support will
have its cost underwritten either by an organiza-
tion seeking to profit from it or by the Users Group
seeking to keep to Knuth’s idea of a single uniform
TegX. My feeling is that the cost, especially to
academic users, of the latter is prohibitive (one es-
timate mentioned at the TUG Steering Committee
meeting was $25,000-50,000/year total distributed
among 50-100 institutional members).

My guess is that the costs of making fixes to all
releases, i.e. all architectures, could climb above this
just because most sites will not have expertise in all

systems.
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I am afraid that any commercial organisation
which assumed “official® responsibility for repairing
TEX would insist on reasonable assurances that no
one would compete with them, for example that I
would not give away bug fixes the way UNIX sites
do. Since no such assurance is possible because the
software is in the public domain, it seems that the
alternative is to have the entire TUG membership
pay for the support by membership fees.

1 would propose that as a group TUG provide
no services other than the dissemination of informa-
tion about TEX, including the Pascal release. Any
bug fixes would be reported but not endorsed by
TUG perhaps except at stated intervals when new
releases would incorporate them. Production users
of TEX would be entirely on their own in finding
support at the level they need. I am inclined to
argue that there should be several distribution sites,
one for each architecture and that they should not
be sites which have a commercial interest in selling
supported TgX. They should be reimbursed for their
direct expenses by each recipient in the form of a
nominal ($50-200) fee for providing the release tape
and documents, and some attempt should be made
to ascertain a reasonable level at which TUG will
annually reimburse them for less tangible related ex-
penses, e.g. time spent consulting with people having
difficulty installing the release, time spent evaluat-
ing bug reports, etc. The balance of TUG’s budget
should be spent for the “switchboard”, the newslet-
ter, and the expense surrounding incorporating bug
fixes at the stated (infrequent) intervals.

Ordinary TUG membership meetings should be
financed largely out of meeting fees which should be
appreciably smaller for educational users than for
production users.

There will be two classes of institutional mem-
berships: educational users and production users.
An educational user is a non-profit educational site
which is using TEX only for instruction or for the
production of publicly accessible research or instruc-
tional documents. A production site is a site which
is using TEX principally for the production of ad-
ministrative, clerical, or commercial or published
documents. A production site is using TEX because
it expects to save or make money by doing so,
whether directly or indirectly. Such sites include not
only commercial enterprises, but also the AMS, the
publications departments of universities, and the in-
house document preparation centers of not-for-profit
research organigations.

* ¥ * *x % % * % * % #
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TiX SUPPORT

Samuel B. Whidden
American Mathematical Society

In the preceding article, Bob Morris presents his
position on TUG’s role as it relates to the main-
tenance and support of TEX. As I understand
his comments, Bob feels that TEX should be left
to evolve independently at those computer science
departments which have the resources to maintain
it. He takes the position that TEX is in the public
domain for the benefit of the educational user, and
that the production user must make his own ar-
rangements for software support of TEX.

Bob’s comments represent fairly, I think, the
opinions expressed by a majority of the Steering
Committee at its recent meeting in San Francisco.
Most of those present represented the research com-
munity, coming either from universities or from the
research departments of large corporations.

I believe that if TUG does adopt the position ar-
ticulated by Bob, it may limit the ability of produc-
tion users to make use of TEX. I stress these two
points:

1. ¥ no central maintenance facility exists from
which production users can purchase the required
software support, potential production users may
be unlikely to become users at all—especially those
firms which have no need otherwise to acquire the
necessary systems programming resources. In those
cases, TEX’s cost may have been raised beyond a
reasonable level for other than large firms with ex-
isting research programs (or universities, for whom
systems programming is among the most available
of resources).

2. I undisciplined evolution of TEX occurs, the
hope of easy communication of machine-readable
TEX between centers (authors and publishers, for in-
stance) may be dashed. It’s unlikely that a common
interchange language can be maintained in spite of
a proliferation of versions of TEX.

It is hard to overemphasize the importance of cost
reduction in scientific publishing, nor the impor-
tance to the academic community of stable and vi-
able publishing channels. Dick Palais, Chairman of
TUG and a Trustee of the American Mathematical
Society, calculated some years ago that a total
elimination of the tasks of copy-editing, retyp-
ing, proofreading, and correcting manuscripts would
cut nearly in half the costs of publishing the
Society’s journals (and one would expect that that
statistic could be generalised roughly to other
scientific journals). In the last issue of TUGboat,

Ellen Swanson, the Society’s Director of Editorial
Services, described those costly steps in detail.

The Society embarked on its strong support of
TgX in the hope that at least some reduction in
these tasks ultimately could result from the ability
of authors to submit machine-readable, debugged
TEX-input manuscripts to publishers in the lan-
guage of TFX (and not because other mathematical-
composition systems don’t exist—they do, and the
Society uses one of them).

It seems very unlikely that the standardization
necessary to bring about these cost savings can
be accomplished without a central coordinating
facility. It seems equally unlikely that such a facility
can come into being without the active, continu-
ing financial support of the TgX user community—
TUG—which, at least at present, consists almost
exclusively of educational users. It’s my personal
opinion that such support would have to amount, at
least for the time being, to something like $1,000 per
year on the part of each institutional user, to sup-
port a TUG budget of $25,000 to $40,000 for each
of the next two or three years.

These contributions (in the form, perhaps; of con-
tract fees for software support), would be collected
by TUG and applied to the various functions needed
to keep TEX alive, growing, and responsive to chang-
ing needs, ideas, technology—all the things that
good software stays in touch with. An essential
role of the central maintainer, in addition to bug
fixing, program distribution, information exchange
and telephone consulting, will be to continue to
weave into the definitive version of TEX the im-
provements and new features conceived by users—
what I'll call here the process of “dynamic standard-
ization”. This way, the language grows; if it can’t,
it probably withers.

The Steering Committee can find volunteer help
for some tasks, like publishing the newsletter, but it
will almost certainly, if this standardization is to be
achieved, have to pay either a competent employee
(housed, perhaps, at some willing university) or a
“software” firm of some description actually to do
the real maintenance work.

Other ways of providing the necessary sup-
port were suggested at the Steering Committee
meeting. One was for each production user to
provide itself with its own systems programming
capability in énough depth to support its ver-
sion of TEX. But most small or medium-sised
production users (possibly, the majority), even
those like the AMS which have some applications-
programming capability, won’t otherwise need to
undertake operating system maintenance on the
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level likely to be required for the kind of TgX
software support which will allow enhancements
generated in the user community to be incorporated.
To have to acquire such a competence just for TgX
might price TEX beyond their reach; not to have it
leaves the user with an increasingly provincial ver-
sion of TEX.

A second possibility suggested for “TEX Central”
was to persuade some user to accept responsibility.
Since the very concept of a widely shared language
implies the merging of the interests of a diverse
group of users, an undertaking to support such a
language in any meaningful scope would mean a sub-
stantial commitment, almost certainly beyond the
resources of, say, the AMS by itself. It is even un-
likely that any single university computer science
department could commit itself to such an under-
taking. The more this alternative is considered, the
more it appears that the most reasonable approach
to the centralized support and standardization of
TEX is through the user community as a whole.

A third approach offered was creation of a
separate (or TUG sub-) organisation, composed only
of production users, and for these together to sup-
port the central TEX software support facility they
need. But no active body of production users yet
exists, and even if it did, that solution would be
likely to provide for standardisation of the lan-
guage among commercial TEX users (publishers)
while tending to allow dialects to proliferate among
educational users, where most authors of journal
articles reside. TEX as a language of communica-
tion between author and publisher would still be un-
realizable.

A fourth suggestion was to freeze TgX in its
present form, and refuse to allow changes to des-
tabilige it. Don Knuth will soon stop making al-
terations and improvements to TEX. When he does,
AMS could probably, as the holder of the TEX logo
copyright, maintain an essentially static “official”
TEX system, requiring use of only that system for
computer-readable manuscript submissions to it.
This would limit submissions to those from authors
at installations willing to ignore all other versions

of TgX, no matter what advantages those versions

might have acquired, or willing to maintain both
our “fixed” version and whatever other evolving ver-
sions they chose. In such circumstances, fewer and
fewer computer-readable manuscripts would appear
(if any ever did), until the Society found itself using
TEX only for its own internal purposes, much as it
now uses other computer typesetting systems. The
Society would have gained whatever improvement in
typesetting quality TEX might represent over earlier

TUGboat, Volume 2, No. 1

systems, but would have lost, with other scientific
publishers, the chance to cut that large portion of
its costs representing manuscript re-preparation.

A final suggestion would have a commercial firm
take over TEX as a software product acting as a
vendor, charging a fee for initial distribution of the
programs and an additional fee annually for software
support. This idea would be good except that, since
TeX is in the public domain, it’s not likely that
any firm would offer to involve itself without some
sort of endorsement, if not financial guarantee, from
TUG. Such an arrangement might work, but only if
TUG were willing to put itself on the line to ensure
it. Pursuing this idea further might suggest the
formation of a small, non-profit organisation, under
TUG and backed financially by it, to perform TgX
Central services.

I hope that the members of TUG, when the
Steering Committee meets at Stanford in May, will
see it in their interest to give real financial support
to this effort. If TUG does not make the effort to
convert TEX to a production system, then it will
probably not be converted (except for some special-
ized classes of users), and potential production users
will not be convinced that TEX represents a viable
choice. TgX will remain an educational tool, avail-
able in universities, and perhaps in places like AMS
where it is used for its competence at certain kinds of
typesetting, but it will not become the communica-
tions channel which we had hoped for.

It is important that you express your opinions on
this subject, no matter what your point of view.
Write to TUGboat; your letter will be part of a
report, to the Steering Committee in May. As many
letters as possible will be published in the next issue,
which will report on the May meetings.

UPDATE ON PASCAL METAFONT
Scott Kim

Work has just started on the Pascal implementa-
tion of METAFONT, which was originally written
in SAIL. It is too early to estimate how long the
translation will take—stay tuned to TUGboat for
news as it develops. Those interested in keeping up
with new developments in METAFONT, or knowing
more about digital typeface design in general, are in-
vited to correspond with Scott Kim at the Stanford
Computer Science Department.
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ERRATUM:

THE FORMAT OF TgX'S DVI FILES
David Fuchs

Editor’s note: Several erroneous vahues were given
in a command description which appeared in TUGboat
Vol. 1, No. 1, page 18. The full corrected entry is given
below,

Command Description

129 BOP n<4> p<4>

Beginning of page n, with pointer p to
the BOP command of the previous page.
By “pointer” is meant the relative byte
number within the DVI file, where the
first byte (the BOP of the first page)
is byte number zero. (ex.: If the first
page had only a BOP and EOP, the
third page’s pointer would be 10, be-
cause the BOP command takes bytes
0 to 8, the EOP is 9, so the second
page’s BOP is in byte 10. Get it?). The
first page has a —1 for a pointer; the
second, a gzero. Start the H- and V-
coordinates out at 0, as well as the w-,
X-, J-, and 3-amounts. The stack should
be empty, and no characters will be set
before a FONT(NUM) command occurs.
Remember that n can be < 0, if the
page was Roman Numbered. Also the
pages need not come in the proper order
in the file, depending on who’s doing the
TEXing.

2 % % % % 2 % * % % %

TEX-PASCAL AND PASCAL COMPILERS
(A STATUS REPORT)

Ignacio Zabala

Following the original SAIL program, TEX-Pascal
has suffered some modifications since our previous
report of September 1980 (see TUGboat, Vol. 1, No.
1, p. 16), but the compiler requirements stated then
are still perfectly valid.

The information that has reached us about the
latest release of the program indicates three sources
of difficulties for some installations:

- The TFX (font information files) that were dis-

tributed contained packad information in units
of 36 bits.
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— The program uses packed records that have to
be stored in a single machine word.

— CASE statements contain a default case which is
not standard in Pascal.

The first problem is solved in the next release,
because TeX now uses TFM (TEX font metrics) files,
which have only 32 bits of information per word.

The second problem, which really aflects the
amount of memory employed by the program,
is not easy to solve without slowing TEX down.
Essentially, the TEX-Pascal program expects that a
structure of the type:

memorysord = PACKED RECORD CASE 1..4 OF
1: (pnts: REAL);
2: (int: INTEGER);
3: (twohalves: halves2);
4: (fourbytes: bytes4)
END;
where
halves2 = PACKED RECORD
lvord: O..65535;
CASE 1..2 OF
1: (rhword: 0..65535);
2: (byte2: 0..255;
byte3: 0..255)
END;
and
bytes4 = PACKED RECORD
byteO: 0..255;
bytei: 0..255;
CASE 1..2 OF
1: (rhword: 0..65535);
2: (byte2: 0..255;
byte3: 0..255)
END;
is stored in a single 32-bit word. It does not make
any assumption on the order in which fields are
stored: if they are put in the structure and retrieved
from it in exactly the same order, the resuit should
be correct.

If the compiler does not pack as expected, it
does not necessarily mean that the program wiil not
run correctly, but that it may require an enormous
amount of memory (and this may cause the program
not to run at all!{).

Some installations that found the third problem
(CASE statements) have solved it by hand-editing the
program, and it is not yet clear whether it will be
fixed once and for all in the sources.

In all, the results are encouraging. Besides
Stanford, there are reports of the program running
at four other sites:
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— On an IBM 370/3033 with Pascal/VS at
Stanford CIT (Eagle Berns).

- On a VAX (VMS) at Oregon Software (Barry
Smith).

- On an IBM 370/3022 (VM-CMS) with SLAC-
Pascal at the University of Pisa (Gianfranco
Prini). They printed the DVI files on a Versatec.

— On a Univac 1100/82 at the University of
Wisconsin (Ralph Stromquist). Output is to a
Compugraphic 8600. (See report, p. 51.)

From the information sent to Stanford, we gather
that the Pascal compilers being employed in the
installations of TEX are:

IBM 370: Pascal-VS, SLAC-Pascal, Pascal-8000
UNIVAC: U. of Wisconsin Pascal, Pascal-8000
PDP-10: Hamburg Pascal

VAX: (See report by Janet Incerpi, p. 49.)

Note: Charles Lawson (Jet Propulsion Lab.—
Caltech) has produced two short reports that can
help in reprogramming the SYSDEP module of TEX-
Pascal. (Both are reprinted in this issue, pp. 20 and
32)

TEX FONT METRIC FILES
What happens when you say “\font A=CMR10”

David Fuchs

When you tell TEX that you will be using a par-
ticular font, it has to find out information about that
font. It gets this information from what are known
as . TFM files. For instance, when you say \font
A=CMR10 to TEX (\:A=CMR10 in the old TEX lingo),
TgX looks around for a file called CMR10.TFM, and
reads it in. If CMR10.TFM is not to be found, TEX
will give you the error message "Lookup failed on
2ile CMR10.TFM*, and you will be out of luck as far
as using CMR10 is concerned.

What does TgEX want with the TFM files?
Generally speaking, a font’s TFM file contains in-
formation about the height, width and depth of all
the characters in the font, plus kerning and ligature
information. So, CMR10.TFM might say that the
lower-case “d” in CMRI10 is 5.55 points wide, 6.94
points high, etc. This is the information that TEX
uses to make its lowest-level boxes—those around
characters. See the TEX manual (p. 41) for in-
formation about what TEX does with these boxes.
Note that TFM files do NOT contain any device-
dependent description of the font (such as the raster
description of the characters at a certain resolution).
Remember that the program TEX does not deal with
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pixels. Only device-drivers that read TEX’s DV1 out-
put files use that sort of information.

Where do .TFM files come from? The best way

' to get a TFM file is with METAFONT. Font desig-

ners should include the METAFONT instructions
that specify the width, height, etc. of each charac-
ter they design. The METAFONT manual contains
details and examples of how to do this—see the in-
dex entries for charwd, charht, chardp, etc. If this
is done, then when METAFONT is run on CMRI10,
it produces CMR10.TFM. (Depending on what
“mode” it is run in, it also makes CMR10.FNT,
CMR10.ANT, CMR10.VNT, or CMR10.0C. These
are all different formats for files containing the raster
description of the font. Drivers for various devices
require one or another of these files.)

Whatever happened to the TFX format that the
TEX and METAFONT manuals actually refer to? Is
this just a misprint for TFM? No—TFM files take
the place of TFX files. The differences are concep-
tually small; they both contain more or less the same
information. The main reason for changing TEX and
METAFONT from using/making TFX files to TFM
files is that TFX files were based on 36-bit words.
This proved to be a real problem for people running
Pascal TgEX, especially on 32-bit machines. The for-
mat of TFM flles assumes 8-bit bytes, packed four
to a 32- or 38-bit word. They are readily adapted
for use on 16-bit machines, too. While the format
was being changed, a few new bits of information
were added, too.

What if I have fonts that I want TEX to know
about that were not made with METAFONT?
Don't despair—we have two programs, TFTOPL
and PLTOTF, that convert TFM files to readable,
editable format, and back again. For instance,
if we run TFTOPL on CMR10.TFM, it makes
CMRI10.PL, an excerpt of which follows (“R” means
a floating-point number is coming up (all dimensions
given in this form are in terms of the DESIGNSIZE);
“C” means that a character is next; “0” means an
octal value for a character that isn't an ASCII print-
ing character is next):

(FAMILY CMR)

(DESIGNSIZE R 10.0000000)

(CODINGSCHEME TEX TEXT)

(TEXINFO
(S8PACE R
(STREICH R
(SHRINK R .111110T)
(XHEIGHT R .4444447)
(QUAD R 1.0000000)
)(EXTRASPACE R .1111107)

.3333330)
.16666T0)
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(LIGTABLE

(LABEL C 1)

(LIG C 1 0 174)

(LIGC £ 0 1T3)

(LIG C 1 0 175)

(LIG C t D 44)

(810P)

(LABEL C o)

(KRN C o R .02TTTTT)

(KRN C x R -.0277TTT)

)(STIJP)
(CHARACTER C d

(CHARWYD R .5555558)

(CHARHT R .684444T)

(CHARDP R .0000000)

)
‘Which says: This font is in the CMR family, its
size is 10.0 points, and it’s a regular TEX font for
text. When TEX uses this font, it should know that
the glue between words should be 3.33pt plus 1.66pt
minus 1.11pt. TEX will also know that the x-height
of CMRI10 is 4.44 pt, a “quad” of space is 10 pt,
and the extra amount of space at the end of a sen-
tence is 1.11 pt. (see the METAFONT (Appendix F)
and TgX (everywhere) manuals for more on these
parameters). Also, TEX should recognize that when-
ever “f” is followed by “i*, “I", “I”, or “t”, that it’s
time for a ligature: an occurrence of “£1” should be
replaced by the character in octal position 174 in
CMRI10 (“fi"; see the Appendix of the TgX manual
that shows font tables to verify this), etc. Whenever
*o” is next to another “0”, they should be moved
apart by .277 pt more then they would otherwise
be (based on their widths), but an “o” should be
moved .277 pt closer to a following “x”. Finally,
the character “d” has width 5.55 pt, height 6.94 pt,
and depth 0 pt. The full CMR10.PL file has lots
more in its LIGTABLE and many more CHARACTER
descriptions, of course.

¥ we changed the line

(CHARWD R .5555553)
to

(CHARYD R .TO0)
and ran PLTOTF, making a new CMR10.TFM,
TEX would now think that “d® had width 7 pt in
CMR10.

So, if you have your own fonts that you’d like TEX
to know about, just make PL flles for them, and
then run PLTOTF to make TFM files. With luck,
your fonts will be in some computer readable form
such that the PL flles can be made with a fairly
gimple program. Note that it is perfectly legal to
have a TFM (or PL) file that specifies no kerns or
ligatures.
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In fact, TFM files may contain a fair amount
more information about a font than just the heights,
widths, depths, kerns and ligatures. Most of these
extra paramaters only come up in the special math
fonts. The METAFONT (Appendix F again) and
TEX manuals talk about these parameters in more
detail. Below is a complete but scary description
of all the bits in TFM files. This description was
actually excerpted from a comment in the SAIL-

language version of TEX.

¥ % % % % *x % % * % %

This deflnition of TFM files is due to Lyle
Ramshaw.

Each font used by TgX has an associated font
information fille. The name of this file is obtained
by appending the extension code *. TFM” to the font
file name. For example, the TEX font metrics for the
font CMR10 appear on the file CMR10.TFM. These
.TFM files are written with 32 bits in each word, to
facilitate their transportability. When they sit in
the file systems of 36-bit machines, these 32 data
bits will be lefi-justified in the 36-bit word, leaving
the rightmost four bits sero.

The first 6 words of the .TFM file contain twelve
18-bit integers that give the lengths of the various
portions of the file, packed two to a 32-bit word.
These twelve integers are, in order:

1f = length of entire file in words,

1h = length of header data,

be = first character code in font,

ec = last character code in font,

nw = number of words in width table,

nh = number of words in height table,

nd = number of words in depth table,

ni = number of words in italic correction table,
nl = number of words of lig/kern program,
nk = number of words in kern table,

ne = number of words in extensible character

table,
ap = number of font parameters.

In .TFM format, the subfields of a word are always
allocated in left-to-right (BigEndian) order. Thus,
the first two integers in this list, 1£ and lh, are
packed into the first word of the .TFM file with 12
on the left and 1h on the right.

These lengths are not all independent: they must
obey the relation
11=6+1h+(ec-bc+1) +nw+nh+nd+ni+nk+nl+ne+np.




14

The rest of the .TFM file is a sequence of ten data
arrays as specifled below:

HEADER= ARRAY[0:1h-1] of Stuff

FINFO= ARRAY[bc:ec] of FInfoEntry
¥IDTH= ARRAY[O:nw-1] of FIX

HEIGHT= ARRAY[0:nh-1] of FIX

DEPTH= ARRAY[0:nd-1] of FIX

CHARIC= ARRAY[0:ni-1] of FIX

LIG/KERN= ARRAY[0:nl-1] of LigKernStep
KERN= ARRAY[0:nk-1] of FIX

EXT= ARRAY[O:ne-1] of ExtRecipe
PARAMS8= ARRAY[1:np] of FIX.

A FIX is a one-word representation of a real num-
ber in a fixed-point fashion. FIXes are used in .TFM
format to enhance transportability. A FIX is a
signed quantity, with the two’s complement of the
entire FIX used to represent negation. Of the 32 bits
in the word, 12 are to the left and 20 are to the right
of the binary point. This means that a FIX has 1
bit of sign, 11 bits of integer, and 20 bits of fraction.
Note that this limits the size of real numbers that a
FIX can represent: the largest FIX is roughly 2000.

The first data array is a block of header informa-
tion, general information about the font. Currently,
the header contains 18 words, allocated as described
below. In the future, new flelds might be added at
the end of the header block.

HEADER=
[
ChecksSum: 1 word
DesignSize: FIX (1 word)
CharacterCodingScheme: 10 words
ParcFontIdentifier: 5 words
Random word (=Header [17]
is broken up as follows:)=
[

SevenBitSafe: 1 bit
unusedspace: 23 bits
ParcFaceByte: 8 bits
]

]

The CheckSum field is used to hold a unique
identifler of some sort that describes this version of
the font. This unique ID is put by METAFONT
into both the rasters and metrics. TgX finds it in
the metrics, and stores it in the .DVI file. Thus, a
spooler can check the unique ID in the .DVI with the
unique ID in its rasters, to provide a guarantee that
TeEX was working with metric data for the current
rasters. METAFONT computes this checksum from
the metric information in the .TFM file.

The DesignS8ize of the font is the size that the
font was intended to look good at, or, to put it
another way, the nominal size of the font when it is
printed at a magnification of 1.0. For unusual fonts
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such as CMDUNH and CMATHX, the DesignSize
is more-or-less arbitrary. The Design8ize is stored
as a FIX with the units “points”.

The CharacterCodingScheme fleld is supposed to
specify what the character code to symbol transla-
tion scheme is in this font. The coding scheme is
stored in 10 words=40 bytes of the .TFM file, as 3
string. The first byte gives the length of the string,
the next n bytes are the characters, and the last
(39 — n) bytes are zeros (where “first® and “next”
imply working from left-to-right). Some common
coding scheme names are:

CharacterCodingSchemes:

TEX TEXT

TEX TYPEWRITER TEXT

TEX MATHIT

TEX MATHSY

TEX MATHEX

UNSPECIFIED — defauit, means no information

GRAPHIC — special purpose code, non-
alphabetic

ALPHABETIC — means alphabet agrees with
ASCII at least

ASCII — means exactly ASCIl

PARC TEXT — Times Roman and Helvetica,
for example

SUAX

cMu

MIT

Fonts are universally referred to by their file
names: for example “CMRI10” for Computer
Modern Roman 10 point, “CMTT" for Computer
Modern TypeWriter Type 10 point, etc. The TEX
user specifies the font by giving this string name,
the TEX output module finds the metric file by using
this name with the extension .TFM, and the various
printers store the rasters as files with this name and
some other extension.

TEX can only handle character codes that are
seven bits in length. But the .TFM format always
allows a full eight bits for a character code, 30 the
high-order bit of all characters specified must be
zero.

The HEADER data is followed by the FINFQ table,
which is an array of FInfoEntrys. This array is
indexed from bc to ec, and hence contains (ec —
bc + 1) entries. Each FInfoEntry is one word in
length. An FInfoEntry is a compacted structure
with the following format (fields allocated from left

to right once again):
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FIantoEntry:
(
¥idthIndex: 8 bits
HeightIndex: 4 bits
DepthIndex: 4 bits
CharIcIndex: 8 bits
TagField: 2 bits
Remainder: 8 bits
]

The fleids in the FInfoEntry do not give the
character width, height, etc. directly, they are in-
dices into secondary tables. Thus, up to 256 different
widths may appear among the 256 characters of
a single font, and up to 16 different heights, 16
different depths, and 64 different italic corrections.
The actual widths, heights, depths and italic correc-
tions are stored in the .TFM file as arrays of FIXes
with “em” as their units. TEX reads in these FIXes,
converts them to floating point form, scales them by
multiplying by the desired font size (in points), and
stores them into internal character metric arrays.

The Charlc fleld is used both for the italic cor-
rection of ordinary characters and for mathop kerns.
In particular, for mathops such as summation and
integral signs, the CharIc field points to a “kern”
which, if nonzero, means that limits are normally set
to the right and the lower limit is shifted left by this
kern value. I the kern is O, limits in display style
will be centered above and below the operator. (To
change between centering and attaching at the right,
one writes “\l1imitswitch” after the operator.)

A note on non-existent characters: all character
codes outside of the range [be, ac] represent charac-
ters that do not exist in the font. Any codes in the
range [bc,ec] that represent non-existent charac-
ters will have their FInfoEntrys identically equal
to 0. The WIDTH, HEIGHT, DEPTH, and CharIc ar-
rays will each be guaranteed to have a FIX of 0.0
in their O’th position. Thus, failing to notice that
a character is non-existent won’t lead a program to
use irrelevant metric data for that character code.
Furthermore, any characters that really do exist in
the font will be guaranteed to have a ¥idthIndex
that is nonzero. Thus, a character is non-existent
iff its WidthIndex is szero, and also iff its entire
FInfoEntry is zero. If there are any actual charac-
ters in the font whose width just happens to be
precisely zero, the ¥IDTH array will contain two zero
FIXes: one at index 0, which is used for all of the
non-existent characters, and one somewhere else.

The remaining portion of the FInfoEntry is used
for several different purposes, depending upor the
value of the tag field. The TagField portion of the
FInfoEntry has one of four values:
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tag=0=} this is a vanilla character, Remainder is

. unused.

tag=1=} character has a ligature-kerning program:
the Remainder field is the index in the
LIG/KERN array of the first step of the pro-
gram.

tag=2=} character is part of a chain of charac-
ters of ascending sizes (“charlist®): the
Remainder field gives the character code
of the next larger character in the chain.

tag=3 =) character code represents an extensible
character, one that is built up out of
smaller pieces and can be made arbitrarily
large: the Remainder field is an index into
the EXT array. The ExtRecipe at that
position in the EXT array describes what
the pieces are.

(The taglist and tagvar options are usually used

only in math extension fonts.)

The LIG/KERN array is a program in a simple
programming language that gives instructions about
what to do for special letter pairs. Each step in this
program occupies one word:

LigKernStep:
[
StopBit: 1 bit :
# means this is a final program step
unusedspace: 7 bits
NextChar: 8 bits
# if this is the next character, then...
TagBit: 1 bit ‘
unusedspace: 7 bits
Remainder: 8 bits
]

If the TagBit is O, this step in the program
describes a ligature. In that case, the Remsinder
consists of the character code of the ligature that
should be substituted for the current character pair.
If the TagBit is 1, this step describes a kern, and
the Remainder field is an index into the KERN array.
The KERN array is simply an array of FIXes, pure
numbers that should be scaled to give distances in
the same way as the elements of the WIDTH, HEIGHT,
DEPTH, and CharIc arrays.

An ExtRecipe is a one-word quantity that should
be viewed as four bytes (allocated left-to-right, of
course):

ExtRecipe:
§
top: byte
mid: byte
bot: byte
ext: byte
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The height and width flelds in the FIntoEntry
of the extensible character give the metrics of the
component, not of the built-up symbol itself, since
the built-up symbol will have variable size. If top,
middle, or bottom portions are sero, the extension
component runs all the way through that portion
of the symbol, otherwise it directly abuts these por-
tions. The built-up symbol is formed by includ-
ing an integral number of extension components. If
there is a middle, the same number of extension
components will appear above and below. For ex-
ample, a left brace has all four components specified,
while a double || (the cardinality or norm symbol)
has only an extension part. The floor and ceiling
brackets are like regular brackets, but without top
or bottom, respectively. The width of the extension
component is assumed to be the width of the entire
huilt-up symbol. If any byte is 0, it indicates that
the corresponding piece of the extensible character
does not exist. Otherwise, the contents of the byte
is the character code of the piece: top, middie, bot-
tom, or extender respectively.

The rest of the .TFM file is the PARAMS array,
a table of font parameters that are used by TEX,
stored as FIXes. All of these parameters are dis-
tances except for the first one, “slant”: hence all
except for “slant” should be scaled by the font
sise by TEX when being read in from the .TFM
file. Since slant is a pure number, it should not be
scaled. [The following table of parameters is printed
in clearer form on pages 98-100 of the METAFONT
manual.]

the amount of italic slant (e.g. slant=.25
means that when going up one unit, go .25
units to the right—this is used in placing
accents over characters)
a real number that says how wide blank
spaces are (Note that TEX doesn’t use
character number ’40 for spaces, that
character can be non-blank in the font)
spacestretch
the stretch component of the glue for
spacing
spaceshrink
the shrink component of the glue for
spacing
xheight the height of lowercase *“x* (default
positioning for accents)
quad the width of one “em®
extraspace
the amount added to space after periods
(and in general when the spacefactor is
greater than 2)

slant
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Mathematics fonts used as \mathsy and \mathex
contain important additional parameter informa-
tion. In a \mathsy font, the extra parameters start
right after “quad”, that is, there is no “extraspace”
parameter. The \mathsy parameters are

mathspace
if nonsero, the amount of space that will
be used for all nonsero space in math for-
mulas (for fixed-width output)
nusi,num?,numsd
amount to raise baseline of numerators in
display or nondisplay or nondisplay-atop
styles, respectively
denon1,denon2
amount to lower baseline of denominators
supl, sup2,sup3
amount to raise baseline of superscripts if
1) display style
2) nondisplay nonvariant style
3) variant style
sub1, sub2
amount to lower baseline of subscripts if
superscript is
1) absent
2) present
supdrop, subdrop
amount below top or bottom of large box
to place baseline if the box has a super-
script or subscript in this sige
delimi,delin2
size of \comb delimiters in
1) display
2) nondisplay style
axisheight
height of fraction lines above the baseline
(this is midway between the two bars of =
sign)
A \mathex font includes the first seven standard
parameters (including extraspace), and then has
six parameters used to govern formula setting:

defaultrulethickness
the thickmess of \over and \overline
bars
bigopspacing(1), (2)
the minimum giue space above and below
a large displayed operator, respectively
bigopspacing(3), (4)
the minimum distance between a limit’s
baseline and a large displayed operator,
when the limit is above, below
bigopspacing(5)
the extra glue placed above and below dis-

played limits
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TEX Support Programs

by
Phil Sherrod and Alan Wright
Vanderbilt University

The process of installing TEX on a computer system involves more work than
just getting the TEX program itself running. It is also necessary to have support
programs to convert the device independent output produced by TEX (the “DVI”
files) into a device dependent form suitable for driving one or more output devices.

A DECSystem-10 computer is used at Vanderbilt which is very similar to the
DECSystem-20 used at Stanford. This enabled us to get the SAIL version of TEX
running with only a few days of effort. During the year that we have been using
TEX we have found it to be remarkably reliable and bug-free and have had to
devote very little time to its maintenance. Most of our effort has been directed
toward improving the efficiency and convenience of the support. programs used to
drive the Versatec printer.

The Versatec printer is not connected directly to the DEC-10 but rather is
connected by a parallel port to a Monolithic Systems Corp. Z80 micro-computer
system which consists of a Z80 processor and 84Kb of memory. This system serves
as an intelligent controller for the Versatec and unloads a significant amount of
processing from the DEC-10. The Monolithic micro is connected to the DEC-10
through a 9600 baud RS232 serial line.

The support programs provided by Stanford for driving a Versatec consisted
of two DEC-10 programs written in SAIL, DVIVER and VERSER, and an as-
sembly language program for the Z80 called PAINT. We obtained a cross assembler
for the Z80 from Stanford and wrote our own program to communicate with the
ROM monitor in the Z80 and downline load program images.

The DVIVER and VERSER programs were moderately large (about 60K 36-
bit words) and fairly slow, consuming a total of about 7 seconds of CPU time per
page generated (TEX only uses about 1.5 seconds of CPU time in formatting each
page).

The DVIVER program reads the DVI files produced by TgX, breaks tall
characters into “parts® which will fit in the raster-scan buffer area in the Z80; sorts
the parts on each page into top-to-bottom order and produces an intermediate
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