There’s no sense reading directions to something before you
understand a little bit about it, because they don’t mean
anything to you. You have to know enough about something
to be confused before directions help.

Andrew A. Rooney,
‘Pieces of My Mind,
Avon Books, 1985, p. 30
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General Delivery

Message from the
Outgoing President

Pierre MacKay

The August 1985 meeting of the TEX Users Group
gave evidence of how fast TEX has matured since its
coming out party in 1983. Rather to our surprise
there was the announcement that a genuine bug
had been found a month or so before and that
a new, corrected version of TEX was to be made
available as a result. That brings us up to version
1.5 and, since the bug was in a rather obscure
corner of the code, it will have affected few users.
(Tt involved the expansion of a \toks string in
an \edef or \xdef.) Otherwise, the problems of
programming and installation which were once so
much a part of every TUG meeting were largely
reduced to assurances of success. Even in the case
of METAFONT it is no detraction from our deep
appreciation of the work currently being done to
provide working change files if we note that most of
the success with the WEB system, and its constant
refinement through experience with TEX, will carry
over to METAFONT. We can expect the official
release of METAFONT version 1.0 some time in
October, and the ports to various systems should
come soon after. We look forward most especially to
the creation of interactive interfaces to METRAFONT
which are being developed by our pioneers.

By the time of the TUG meeting, METAFONT
had already reached version 0.96 at Stanford, and
some external ports were up to version 0.91 or
above. The full set of new Computer Modern fonts
(these will restore use of the designation CM) was
nearing completion. Since Don has a sabbatical
planned, he aims to have METAFONT, the CM fonts,
and the METAFONT book finished when he leaves
Stanford. We shall not be left entirely without
guidance during his absence, however. For a while
at least, David Fuchs will continue to ensure the
health of TEX, METAFONT, and their close relatives
as he has throughout the entire history of TEX.

The most noticeable change in.the focus of
interest this year was the evidence of widespread
commercial interest in TEX. It was not that there
were more vendor exhibits than before, but rather
that all the exhibits seemed to cohere into the
promise of an ever richer environment for the TEX
user. It is still a bit hard to get used to the idea
that a program once criticized for its complexity,
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inaccessibility and sheer size is now being made
available on the larger class of personal computer
systems, but here it is. Owners of the IBM AT, or
the larger versions of the IBM PC have the choice
of two different implementations of TEX and an
implementation for the Macintosh was also shown.
There are more output devices every year, and
the quality tends to improve. Access to genuine
typesetting is also becoming easier, though there
is a great deal to be achieved still in that line.
It is clear, however that the TEX community has
established itself as a significant market both here
and overseas. Each new computer, display system,
laser-printer system or typesetter that includes TEX
among its capabilities adds to the general range of
capabilities for all of us, and we welcome all such
developments enthusiastically.

These new developments, however, will bring
a clearer responsibility to TUG and its members.
As commercial developments proliferate, it will
be up to TUG to maintain the standards and
quality of the software. One of the most important
functions of this organization will be to ensure
that anything which is called TEX (or METAFONT)
genuinely is TEX (or METAFONT). The mechanism
for validation exists, and has been used to establish
the credentials of the products mentioned above.
1 do not at present know of any problems of
substandard TEX except for those left over from
TEX78, but it would be surprising indeed if none
ever developed.

Perhaps even more important than the main-
tenance of TEX standards will be our insistence on
the general character of TEX and METRFONT as
public domain software. The TEX system in its
largest sense is one of the most significant addi-
tions to the library of public domain software that
has ever been offered. Every site coordinator is
aware of the astonishment that often results from
the simple reminder that TEX is and has always
been in the public domain. The ports of TEX to
small personal systems are examples of the sort of
commercial development that TUG must support
and encourage, but we must never forget that TEX
was given to us free. We are the beneficiaries of
seven years of intense development effort, the re-
sults of which have been distributed throughout the
computing world without festrictions. We can best
show our appreciation by continuing to enhance the
TEX environment with supporting contributions of
free public domain software.

I should like to close this message with a
mention of the special support that has been given
to TUG by Kellerman and Smith, who will be
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offering the Macintosh version of TEX. They have
already made other contributions to support TUG,
and have now arranged to set aside a royalty on each
sale for the further support of TUG. In addition,
they have offered to fund the first of the Donald
Knuth scholarships for support of attendance at a
TEX training course in the coming year. I echo here
the deep appreciation that was expressed by the
the TUG membership at the business meeting this
August.

From the President
Bart Childs

1 am proud to accept the challenge of this office
and humbly hope that I can contribute to an
organization that is dedicated to high ideals. We
(the TEX community) are grateful to Don Knuth
for his gift of TEX and METAFONT and his placing
them in the public domain. Many of us are aware of
systems developed under government sponsorship
where revision 0.0001 gets placed in the public
domain and revision 0.0001+ magically appears
from some new corporation. As we evolve from what
Michael Spivak called “a happy band of anarchists”
to our future, I hope that we can keep some of
the openess that has been characteristic of our
community. I feel a duty to thank Don, David
Fuchs, and the whole TEX Project again.

The ’85 TUG meeting at Stanford was a great
success in spite of the election of someone from
TEXas as the new president. Don had obviously
laid in wait for the chance for the ‘pun’. Still, the
class with which he made it was enjoyed by all. I
wish to make a few observations on the meeting.

I was surprised by the fact that there was a
slight decrease in attendance at the meeting. Many
of us have discussed some of the possible causes:
the economy, previous meetings have all been at
Stanford, ... etc. I will not dwell on that, but, will
go on to the things that I think are important for
our future.

We will undoubtedly have many pressures from
the commercial world that we will affect. I welcome
the input of the commercial communities and hope
that we can use them as a resource to further our
mutual goals. Several people mentioned what they
considered “competitive” statements and attitudes
by some of the commercial representatives. I
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acknowledge that this is a fair interpretation. I
think the comments were made in a professional
manner. We must be sure that we don’t become
a forum whose apparent primary function is a
sales activity. We shall strive to remain a forum
for function, vendor independence, and other high
goals while paying appropriate attention to the
pragmatism of reality.

Several items reported at the meeting are
particularly noteworthy:

1. TEX 1.5 was announced. One error, which
could be coded around, was corrected.

2. METAFONT 0.91 was announced (and now 0.96
is out). Is there any other system which has as
many users and as few errors reported as TEX
and METAFONT?

3. TEX is on almost all major systems and is now
appearing on many micros (most notably the
PC and the Mac).

4. TEX has been mechanically converted to the
“C” language at two or three different institu-
tions.

5. TEX is actively used in several different lan-
guages.

6. Leslie Lamport delivered the DVI files for the
IATEX manual while we were meeting. An A-W
representative said that the book should be out
before you are reading this.

7. TUG will sponsor Donald E. Knuth scholar-
ships for end users (for example, secretaries).
Kellerman and Smith have guaranteed us the
first one.

As your elected leader, I will be active in at least
the following areas:

1. Society representation. The AMS has extended
me an invitation to present a one hour talk
on TEX at the joint meeting with MAA in
New Orleans in January 1986. (A hard one to
accept!)

2. TEX distribution. Our lab will continue to be
the Data General distribution point. There
were several conversations about the best for-
mat of distributions. I will pursue some efforts
to reach accord on the format of a minimum
standard and accompanying documentation.
Barry Smith and others have discussed this
topic and I personally feel these decisions will
further the understanding of TEX and its rela-
tions.

3. Open communications. I will strive to always
prepare this column. We frequently need
several views of certain items. Members can
take it upon themselves to propose these items
and get several members to respond. New
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members may wish to communicate the item
to the editor or myself for setup of the ‘panel’.

Happy TrXing.

Statement of Principles

One of the important decisions taken at the August
meeting was that it was time for the TEX Users
Group to incorporate. Only by incorporation can
we properly confirm our status as a non-profit orga-
nization and ensure legal stability and appropriate
tax status. As part of the discussion concerning in-
corporation and tax status, the steering committee
considered the necessity of making a general state-
ment which would set down our perception of the
purpose of the organizion and our relationship to it.
We offer this text of our statement to the general
membership of TUG as an informal statement of
principles.

1. The primary aim of the TEX Users Group
(TUG) is to promote the development and use
of public-domain software relating to the TEX
system.

2. In addition, TUG encourages commercial devel-
opment relating to TEX and METAFONT wher-
ever such development contributes to TUG’s
primary aim.

3. Financial support for TUG’s activities derives
from membership dues, attendance fees from
meetings, fees for courses of instruction, private
and corporate grants and donations, and other
sources as approved by the Steering Committee
of TUG.

4. To avoid any real or apparent conflict of inter-
est, all members of the TUG Steering Commit-
tee undertake that they shall make no use of
their position on that committee for personal
advancement and shall make no private use of
information acquired by the Steering Commit-
tee unless and until such information has been
published to the general membership of TUG.

5. No member of the TUG Finance Committee
shall concurrently serve as a direct employee of

TUG.
Pierre MacKay
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Software

Packed (PK) Font File Format

Pixel files, the output of METAFONTT79, are now
considered obsolete; their use is being discouraged.
This is not surprising; as a font file format, they
are rather limiting. They tend to be too large,
do not include device character width information,
and only allow 128 characters. Yet, the generic
font file format offered in their place (with new
METAFONT) has some other limitations. GF files
tend to be almost as large as the pixel files they
replace, and the character width data is separated
from the raster data. A new format, called the
packed, or PX format, is therefore being introduced.

This new file format is less than half the size
of the GF format. Since input/output time usually
dominates execution time when reading font files,
the smaller size can also lead to a performance
improvement. The new format is easier to interpret
than the GF format. The minimum bounding box for
the bitmaps is supplied; the horizontal and vertical
size do not need to be checked against the actual bits
of the character. The raster data and width data
for each character is given in the same character
‘packet’. Finally, the font parameters (checksum,
design size, etc.) are given at the beginning of the
font file, rather than at the end, so random file
access is not needed.

An additional advantage is that the length of

each character packet is given at the beginning of
the packet. This means that the character packets
can be directly stored into the memory of a driver
without interpretation, and they can be interpreted
on a demand basis. A recent sampling of font
usage at Texas A&M University on their Electrical
Engineering VAX showed that 18 characters per
" declared font were used on the average. Thus, a
driver using the packed format might not need to
interpret 110 of the 128 characters in a font, on the
average.

The use of the packed file format does impose
an extra step of processing between METAFONT
and the driver, however. Also, the packed file
format is based to a large extent on the four bit
nybble rather than the eight bit byte, so individual
bytes often need to be split as the file is being
read in. In addition, the generic font format allows
specials and numspecials within character raster
definitions; the packed file format does not. META-
FONT never generates specials inside of character

115

raster definitions, so this should not pose any
problems.

The size improvement of packed files over pixel
files is almost five to one for a large collection of
fonts. 323 fonts at three hundred dots per inch and
various magnifications were reduced by 79% when
converted to the packed form. This makes the
packed format ideal for microcomputer systems or
any system where disk space is at a premium.

The packed file format is part of the META-
FONTware, with which it will be distributed. Pro-
grams currently on the distribution are GFtoPX,
which converts generic font files to packed files;
PKtoPX, which converts packed files to pixel files;
PXtoPK, which converts pixel files to packed files,
and PKtype, which lists and verifies a packed file.

The rest of this article was extracted from
PKtype, and is a full description of the packed file
format.

1. Packed file format. The packed file format is
a compact representation of the data contained in
a GF file. The information content is the same, but
packed (PK) files are almost always less than half
the size of their GF counterparts. They are also
easier to convert into a raster representation because
they do not have a profusion of paint, skip, and
new.row commands to be separately interpreted.
In addition, the PK format expressly forbids special
commands within a character. The minimum
bounding box for each character is explicit in the
format, and does not need to be scanned for as in
the GF format. Finally, the width and escapement
values are combined with the raster information
into character ‘packets’, making it simpler in many
cases to process a character.

A PK file is organized as a stream of 8-bit bytes.
At times, these bytes might be split into 4-bit
nybbles or single bits, or combined into multiple
byte parameters. When bytes are split into smaller
pieces, the ‘first’ piece is always the most significant
of the byte. For instance, the first bit of a byte is
the bit with value 128; the first nybble can be found
by dividing a byte by 16. Similarly, when bytes
are combined into multiple byte parameters, the
first byte is the most significant of the parameter.
If the parameter is signed, it is represented by
two’s-complement notation.

The set of possible eight-bit values are sepa-
rated into two sets, those that introduce a character
definition, and those that do not. The values that
introduce a character definition comprise the range
from 0 to 239; byte values above 239 are inter-
preted commands. Bytes which introduce character
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definitions are called flag bytes, and various fields
within the byte indicate various things about how
the character definition is encoded. Command
bytes have zero or more parameters, and can never
appear within a character definition or between
parameters of another command, where they would
be interpreted as data.

A PX file consists of a preamble, followed by
a sequence of one or more character definitions,
followed by a postamble. The preamble command
must be the first byte in the file, followed immedi-
ately by its parameters. Any number of character
definitions may follow, and any command but the
preamble command and the postamble command
may occur between character definitions. The very
last command in the file must be the postamble.

2. The packed file format is intended to be easy
to read and interpret by device drivers. The small
size of the file reduces the input/output overhead
each time a font is defined. For those drivers that
load and save each font file into memory, the small
size also helps reduce the memory requirements.
The length of each character packet is specified,
allowing the character raster data to be loaded
into memory by simply counting bytes, rather than
interpreting each command; then, each character
can be interpreted on a demand basis. This also
makes it possible for a driver to skip a particular
character quickly if it knows that the character is
unused.

3. First, the command bytes shall be presented;
then the format of the Character definitions will be
defined. Eight of the possible sixteen commands
(values 240 through 255) are currently defined; the
others are reserved for future extensions. The
commands are listed below. Each command is
specified by its symbolic name (e.g., pk_no_op), its
opcode byte, and any parameters. The parameters
are followed by a bracketed number telling how
many bytes they occupy, with the number preceded
by a plus sign if it is a signed quantity. (Four byte
quantities are always signed, however.)
pk_zzzl 240 k[1] z[k]. This command is undefined
in general; it functions as a (k + 2)-byte no_op
unless special PX-reading programs are being
used. METAFONT generates zzz commands
when encountering a special string. It
is recommended that z be a string having
the form of a keyword followed by possible
parameters relevant to that keyword.
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pk.zzz2 241 k[2] z[k].
65536.

pk_zzz8 242 k[3] z[k]. Like pk.zzzl, but 0 < k <
224, METRFONT uses this when sending a
special string whose length exceeds 255.

pk_zzzj 243 k{4] z[k]. Like pk_zzzl, but k can be
ridiculously large; k musn’t be negative.

pkyyy 244 y[4]. This command is undefined in
general; it functions as a five-byte no.op unless
special PX reading programs are being used.
METAFONT puts scaled numbers into yyy's,
as a result of numspecial commands; the
intent is to provide numeric parameters to zzz
commands that immediately precede.

pk_post 245. Beginning of the postamble. This
command is followed by just enough pk_no_op
commands to make the file a multiple of four
bytes long; zero through three are usual, but
four are also allowed. This should make the
file easy to read on machines which pack four
bytes to a word.

Like pk_zzzl, but 0 <k <

pk_no_op 246. No operation, do nothing. Any
number of pk_no_op’s may appear between PK
commands, but a pk_no.op cannot be inserted
between a command and its parameters, be-
tween two parameters, or inside a character
definition.

pk_pre 247 i[1} k{1] z[k] ds[4] cs[4] hppp[4] vppp[4].
Preamble command. Here, 1 is the identifica-
tion byte of the file, currently equal to 8. The
string z is merely a comment, usually indicat-
ing the source of the PX file. The parameters
ds and cs are the design size of the file in 1/216
points, and the checksum of the file, respec-
tively. The checksum should match the TFM file
and the GF files for this font. Parameters hppp
and vppp are the ratios of pixels per point,
horizontally and vertically, multiplied by 26;
they can be used to correlate the font with
specific device resolutions, magnifications, and
‘at sizes’. Usually, the name of the PK file is
formed by concatenating the font name (e.g.,
amr10) with the resolution at which the font is
prepared in pixels per inch multiplied by the
magnification factor, and the letters PK. For
instance, amrl0 at 300 dots per inch should
be named AMR10.300PK; at one thousand dots
per inch and magstephalf, it should be named
AMR10. 1095PK.
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4. We put a few of the above opcodes into
definitions for symbolic use by this program.

define pk_id = 89

{ the version of PX file described }
define pk_zzzl =240 {special commands}
define pk_yyy = 244

{ numspecial commands }
define pk_post =245 {postamble}
define pk_no_op = 246 {no operation }
define pi_pre =247 {preamble}

5. The PK format has two conflicting goals; to pack
character raster and size information as compactly
as possible, while retaining ease of translation into
raster and other forms. A suitable compromise
was found in the use of run-encoding of the raster
information. Instead of packing the individual bits
of the character, we instead count the number of
consecutive ‘black’ or ‘white’ pixels in a horizontal
raster row, and then encode this number. Run
counts are found for each row, from the top of the
character to the bottom. This is essentially the way
the GF format works. Instead of presenting each
row individually, however, let us concatenate all of
the horizontal raster rows into one long string of
pixels, and encode this row. With knowledge of the
width of the bit-map, the original character glyph
can be easily reconstructed. In addition, we do not
need special commands to mark the end of one row
and the beginning of the next..

Next, let us put the burden of finding the
minimum bounding box on the part of the font
generator, since the characters will usually be used
much more often than they are generated. The
minimum bounding box is the smallest rectangle
which encloses all ‘black’ pixels of a character. Let
us also eliminate the need for a special end of
character marker, by supplying exactly as many
bits as are required to fill the minimum bounding
box, from which the end of the character is implicit.

Let us next consider the distribution of the run
counts. Analysis of several dozen pixel files at 300
dots per inch yields a distribution peaking at four,
falling off slowly until ten, then a bit more steeply
until twenty, and then asymptotically approaching
the horizontal. Thus, the great majority of our run
counts will fit in a four-bit nybble. The eight-bit
byte is attractive for our run-counts, as it is the
standard on many systems; however, the wasted
four bits in the majority of cases seems a high price
to pay. Another possibility is to use a Huffman-type
encoding scheme with a variable number of bits for
each run-count; this was rejected because of the
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overhead in fetching and examining individual bits
in the file. Thus, the character raster definitions in
the PX file format are based on the four-bit nybble.

6. The analysis of the pixel files yielded another
interesting statistic: fully 37% of the raster rows
were duplicates of the previous row. Thus, the
PK format allows the specification of repeat counts,
which indicate how many times a horizontal raster
row is to be repeated. These repeated rows are
taken out of the character glyph before individual
rows are concatenated into the long string of pixels.

For elegance, we disallow a run count of zero.
The case of a null raster description should be
gleaned from the character width and height being
equal to zero, and no raster data should be read.
No other zero counts are ever necessary. Also, in
the absence of repeat counts, the repeat value is set
to be zero (only the original row is sent.) If a repeat
count is seen, it takes effect on the current row.
The current row is defined as the row on which the
first pixel of the next run count will lie. The repeat
count is set back to zero when the last pixel in the
current row is seen, and the row is sent out.

This poses a problem for entirely black and
entirely white rows, however. Let us say that the
current row ends with four white pixels, and then
we have five entirely empty rows, followed by a
black pixel at the beginning of the next row, and
the character width is ten pixels. We would like to
use a repeat count, but there is no legal place to
put it. If we put it before the white run count, it
will apply to the current row. If we put it after,
it applies to the row with the black pixel at the
beginning. Thus, entirely white or entirely black
repeated rows are always packed as large run counts
(in this case, a white run count of 54) rather than
repeat counts.

7. Now let us turn our attention to the actual
packing of the run counts and repeat counts into
nybbles. There are only sixteen possible nybble
values. We need to indicate run counts and repeat
counts. Since the run counts are much more
common, we will devote the majority of the nybble
values to them. We therefore indicate a repeat
count by a nybble of 14 followed by a packed
number, where a packed number will be explained
later. Since the repeat count value of one is so
common, we indicate a repeat one command by a’
single nybble of 15. A 14 followed by the packed
number 1 is still legal for a repeat one count,
however. The run counts are coded directly as
packed numbers.
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