When problem solving is reduced to hacking, there’s
usually a problem in documentation somewhere.

Bruce Ormsby Adam
Software Corner, EP&P
(December 1988)
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TUGDboat

During 1989, the communications of the TEX Users
Group will be published in four issues. One issue
will consist primarily of the Proceedings of the
Annual Meeting.

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

Submissions to TUGboat are for the most part
reproduced with minimal editing, and any questions
regarding content or accuracy should be directed
to the authors, with an information copy to the
Editor.

Submitting Items for Publication

The deadline for submitting items for Vol. 10,
No. 2, is May 1, 1989; the issue will be mailed in
July. (Deadlines for future issues are listed in the
Calendar, page 117.)

Manuscripts should be submitted to a member
of the TUGboat Editorial Committee. 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. 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.

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.
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TUGDboat Editorial Committee

Barbara Beeton, Editor

Ron Whitney, Production Assistant

Helmut Jirgensen, Associate Editor for Software

Laurie Mann, Associate Editor on Training Issues

Georgia K.M. Tobin, Associate Editor, Font Forum

Don Hosek, Associate Editor for Output Devices

Jackie Damrau, Associate Editor for FTEX

Alan Hoenig and Mitch Pfeffer, Associate Editors
for Typesetting on Personal Computers

See page 3 for addresses.

Other TUG Publications

TUG publishes the series TEXniques, in which have
appeared user manuals for macro packages and
TEX-related software, as well as the Proceedings
of the 1987 and 1988 Annual Meetings. Other
publications on TFEXnical 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.

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.

AMS-TEX is a trademark of the American Mathe-
matical Society.

APS 5 is a trademark of Autologic, Inc.

METAFONT is a trademark of Addison-Wesley Inc.

PCTEX is a registered trademark of Personal TEX,
Inc.

PostScript is a trademark of Adobe Systems, Inc.

TEX is a trademark of the American Mathematical
Society.

UNIX is a trademark of AT&T Bell Laboratories.



TUGboat, Volume 10 (1989), No. 1

Addresses

Note: Unless otherwise specified,
network addresses (shown in

typewriter font) are on the Internet.

TgX Users Group Office
P. O. Box 9506
Providence, RI 02940-9506
or
653 North Main Street
Providence, RI 02904
401-751-7760
TUG@Math.AMS. com

Peter Abbott

Computing Service

Aston University

Aston Triangle

Birmingham B4 7TET, England
21 359 5492
pabbott@nss.cs.ucl.ac.uk
Janet: abbottpQuk.ac.aston

Stephan v. Bechtolsheim
2119 Old Oak Drive

W Lafayette, IN 47906
317-463-0162

svb@cssun. tamu.edu

Lawrence A. Beck
Grumman Data Systems
R & D, MS D12-237
Woodbury, NY 11797
516-682-8478

Barbara Beeton

American Mathematical Society
P.O. Box 6248

Providence, RI 02940
401-272-9500

bnb&Math . AMS.com,
Beeton@Score.Stanford.Edu

Don Berryman
(see Bart Childs)

Marius Broeren

Océ Nederland B.V.

Division Office Automation

P.0O. Box 101

5900 MA Venlo, The Netherlands
4-31.77.76466 x135

Martin Bryan

29 Oldbury Orchard

Churchdown

Glos. GL3 2PU, United Kingdom
+44 452 714029

Lance Carnes

€/o Personal TpX

12 Madrona Avenue
Mill Valley, CA 94941
415-388-8853

S. Bart Childs

Dept of Computer Science
Texas A & M University
College Station, TX 77843-3112
409-845-5470
bart@cssun.tamu.edu

Bitnet: Bart@TAMLSR

Adrian Clark

Department of Electronic Systems
Engineering

Essex University

Wivenhoe Park

Colchester, Essex C0O4 35Q, U.K.
Janet: alienQuk.ac.essex.ese
Janet: alienQuk.ac.kcl.ph.ipg

Malcolm Clark

Imperial College Computer Centre
Exhibition Road

London SW7 2BP, England

Janet: texlineQuk.ac.ic.cc.vaza

John M. Crawford
Computing Services Center
College of Business

Ohio State University
Columbus, OH 43210
614-292-1741
Crawford-JQOhio-State
Bitnet: TS0135@0HSTVMA

Jackie Damrau

Mission Research Corporation
1720 Randolph Road SE
Albuquerque, NM 87106-4245
505-768-7647
damrau@dbitch.unm.edu
Bitnet: damrau@bootes

Michael DeCorte

P.O. Box 652

Potsdam, NY 13676
315-268-2292
mrd@sun.soe.Clarkson.edu

Allen R. Dyer

13320 Tridelphia Road
Ellicott City, MD 21043
301-243-0008 or 243-7283

Shawn Farrell

Computing Centre

McGill University

805 Sherbrooke St W

Montréal H3A 2K6, Québec, Canada
514-398-3676

Bitnet: CCSF@MCGILLA

Jim Fox

Academic Computing Center HG-45
University of Washington

3737 Brooklyn Ave NE

Seattle, WA 98105

206-543-4320
foxQuwavm.acs.washington.edu
Bitnet: fox7632Quwacdc

David Fuchs

1775 Newell

Palo Alto, CA 94303
415-323-9436

Richard Furuta

Department of Computer Science
University of Maryland

College Park, MD 20742
301-454-1461
furuta@mimsy.umd.edu

Regina Girouard

American Mathematical Society
P.O. Box 6248

Providence, RI 02940
401-272-9500 x224
RMG@Math.AMS.com

Raymond E. Goucher
TEX Users Group

P. O. Box 9506
Providence, RI 02940-9506
401-751-7760
REG@Math.AMS.com

Dean Guenther
Computing Service Center
Washington State University
Pullman, WA 99164-1220
509-335-0411

Bitnet: Guenther@WSUVM1

Michael A. Harrison
Computer Science Division
University of California, Berkeley
Berkeley, CA 94720
415-642-1469
Harrison@Berkeley.edu

Doug Henderson

Division of Library Automation
Office of the President
University of California

300 Lakeside Drive, Floor 8
Oakland, CA 94612-3550
415-987-0561

Bitnet: dlatexQucbcmsa

Alan Hoenig

17 Bay Avenue
Huntington, NY 11743
516-385-0736

Don Hosek

3916 Elmwood
Stickney, IL 60402
Bitnet: U33297QUICVM

Patrick D. Ion
Mathematical Reviews
416 Fourth Street
P.O. Box 8604

Ann Arbor, MI 48107
313-996-5273
ion@Math.AMS.com



Helmut Jiirgensen

Deparment of Computer Science
University of Western Ontario
London N6A 5B7, Ontario, Canada
519-661-3560

Bitnet: helmutQuwovax

uucp: helmut@julian

David Kellerman

Northlake Software

812 SW Washington
Portland, OR 97205
503-228-3383

uucp: imagen!negami!davek

Richard Kinch

Kinch Computer Co.

501 South Meadow St. (Route 13)
Ithaca, NY 14850

607-273-0222

Jan van Knippenberg
(see Marius Broeren)

Donald E. Knuth

Department of Computer Science
Stanford University

Stanford, CA 94305
DEK@Sail.Stanford.Edu

Kim Kubik

Syva Company

P. 0. Box 10058
Palo Alto, CA 94303
415-493-2200

C. G. van der Laan

Rekencentrum RUG

Landleven 1

9700 AV Groningen, The Netherlands
+31/50 633374 or +31/50 633440
Bitnet: cgl@hgrrugh

DECnet: rugr86::cgl

Pierre A. MacKay

Northwest Computer Support Group
University of Washington

Mail Stop DW-10

Seattle, WA 98195

206-543-6259; 545-2386
MacKay@June.CS.Washington.edu

Robert W. MCGaffey

Martin Marietta Energy Systems, Inc.

Building 9104-2

P.O.Box Y

Oak Ridge, TN 37831
615-574-0618
McGaffey’ORN.MFEnet@nmfecc.arpa

Frank Mittelbach
Fachbereich Mathematik
Universitidt Mainz
Staudinger Weg 9

D-6500 Mainz

Federal Republic of Germany
Bitnet: SCHOEPF@DMZNATS1

Michael Modest

College of Engineering

208 Mechanical Engineering
Pennsylvania State University
University Park, PA 16802
814-863-0976

Dezsé Nagy

Geological Survey of Canada

1 Observatory Crescent

Ottawa K1A 0Y3, Ontario, Canada
613-995-5449

James Nearing

Department of Physics

University of Miami

Box 248046

Coral Gables, FL 33124

305-284-2323
NEARINGYPHYVAX.SPANQUMIGW.MIAMI.EDU

David Ness

TV Guide
Radnor, PA 19088
215-293-8860

David Osborne

Cripps Computing Centre

University of Nottingham

Nottingham NG7 2RD, UK

+44 602 484848 x2064
dao’uk.ac.nott.cs@nss.cs.ucl.ac.uk
Janet: daoQuk.ac.nott.clan

Mitch Pfeffer

Suite 90

148 Harbor View South
Lawrence, NY 11559
516-239-4110

Arnold Pizer

Department of Mathematics
University of Rochester
Rochester, NY 14627
716-275-4428

Craig Platt

Department of Math & Astronomy
Machray Hall

University of Manitoba

Winnipeg R3T 2N2, Manitoba, Canada
204-474-9832

CSnet: platt@uofm.cc.cdn

Bitnet: platt@uofmcc

Arturo Puente

P.O. Box 88521
Caracas 1080, Venezuela
9086523

David F. Rogers

817 Holly Drive E. Rt. 10
Annapolis, Maryland 21401
dfrQusna.navy.mil

Sriram Sankar

Department of Computer Science
Stanford University

Stanford, California 94305
415-723-4962
sankar@score.stanford.edu
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Rainer Schépf

Institut fiir Physik

Johannes Gutenberg Universitit
D-6500 Mainz

Federal Republic of Germany
Bitnet: SCHOEPFQDMZNATS51

Larry Sharlow

10 Toltec #3
Flagstaff, AZ 86001
602-774-1630

Alan Stolleis
(see Bart Childs)

Yoichi Tanaka

Toppan Printing Co., Ltd.
Electronic Publishing Division
5-1, 1-chome Taito, Taito-ku
Tokyo 110 Japan

(03) 835-5495

Christina Thiele

Canadian Journal of Linguistics
Carleton University

Ottawa K1S 5B6, Ontario Canada
Bitnet: WSSCAT@Carleton

Klaus Thull

Stephanstrae 25

D-1 Berlin 41

Federal Republic of Germany
8383536

unido!fubinf ! thullQuunet.UU.NET

Georgia K.M. Tobin
The Metafoundry
OCLC Inc., MC 485
6565 Frantz Road
Dublin, OH 43017
614-764-6087

Samuel B. Whidden
American Mathematical Society
P.O. Box 6248

Providence, RI 02940
401-272-9500
sbw@Math.AMS.com

Ron Whitney

TEX Users Group

P. 0. Box 9506
Providence, RI 02940-9506
rfw@Math.AMS.com

Dominik Wujastyk

Wellcome Institute for the History
of Medicine

183 Euston Road

London NW1 2BP, England

(01) 387-4477
dow@wjhi2.harvard.edu

Joost Zalmstra

Vrije Universiteit

Amsterdam, The Netherlands
mcvax!nat.vu.nl!jjaz@uunet.uucp

Hermann Zapf

Seitersweg 35

D-6100 Darmstadt

Federal Republic of Germany
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General Delivery

Donald E. Knuth Scholarship

Larry Sharlow was honored at the 1988 Annual
Meeting, McGill University, Montréal, as the 1988
Scholarship Winner. He has volunteered to serve on
the 1989 selection committee.

We are pleased to announce the Fourth Annual
“Donald E. Knuth Scholarship” competition. This
year two Scholarships will be awarded. The awards
consist of an all-expense-paid trip to TUG’s 1989
Annual Meeting and the Short Course offered im-
mediately following the meeting. The competition
is open to all 1989 TUG members holding support
positions that are secretarial, clerical or editorial in
nature.

To enter the competition, applicants should
submit to the Scholarship Committee by May 12,
1989, the input file and final TEX output of a
project that displays originality, knowledge of TEX,
and good TEXnique. The project may make use of a
macro package, either a public one such as I#TEX or
one that has been developed locally; such a macro
package should be identified clearly. Such features
as sophisticated use of math mode, of macros that
require more than “filling in the blanks”, or creation
and use of new macros will be taken as illustrations
of the applicant’s knowledge. Along with the TgX
files, each applicant should submit a letter stating
his/her job title, with a brief description of duties
and responsibilities, and affirming that he/she will
be able to attend the Annual Meeting and Short
Course at Stanford University, Stanford, California,
August 21-25, 1989.

Selection of the scholarship recipient will be
based on the TEX sample. Judging will take place
May 13— June 12, and the winner will be notified
by mail after June 12.

All applications should be submitted to the
Scholarship Committee at the following address:

Larry Sharlow

10 Toltec #3

Flagstaff, AZ 86001

From the President
Bart Childs

I am locking forward to the celebration of 10 years
of TUG at Stanford. The call for papers has already
appeared; I hope you can and will participate.
Below is an announcement for a “dingbat” com-
petition. I have had a lot of positive response from
the preliminary versions. I hope the competition
will be a good step in expanding our METAFONT
horizons, which I feel have been neglected.

Announcing
A TUG Dingbat Competition

TUG announces a METAFONT competition for the
creation of the best dingbat characters. Each entry
will consist of one specific character (such as a
logo) or a dingbat family, the METAFONT source,
annotation of the source for pedagogical use, and
samples of the use of the character(s). These
characters can be in the spirit of the Zapf dingbats
in PostScript, symbols, icons, logos, or of some
other useful or entertaining nature.

A dingbat family could be:

e a character in different orientations (such as a
hand or flag),

e a character in different presentations (such as
outline, solid, black on white, white on black,
gray, ...,

e a set of characters for doing border designs
(TUGboat, Vol. 5, no. 2),

e a set of characters for a particular use (TUG
could use an anchor, a dinghy, a printing press,
...),0r

e any reasonably useful, entertaining, or interest-
ing character.

TUG is holding this competition to encourage the
use of complete TEX systems and to complement
the initial system that was, created by Don Knuth
and given to us all. It is hoped that this competition
will contribute to excellence in fonts, graphics, and
documents in general.



Prizes

1%t Prize: $250 plus autographed volumes
A through E of Computers &
Typesetting.

274 Prize: $100 plus two autographed volumes of
choice.

374 Prize: $50 plus one autographed volume of
choice.

Five Honorable Mentions: autographed volume of
choice.

Conditions for Submission

1. The artist/author shall be the creator of the
METAFONT sources and attest to the best of
his/her knowledge that public distribution of
these sources will not infringe on any known
property rights. TUG will assist in efforts to
determine that no property rights exist in any
submission.

2. Each submission should be a dingbat family or a
single character. Each individual may make as
many submissions as desired, but each should
be on a different theme. The METAFONT
source shall be submitted electronically or on
a standard diskette, PC or Mac format. Other
formats can be approved on an ad hoc basis.
The METAFONT source must be compatible
with plain.mf; any additional METAFONT
macros that are necessary must be furnished
and become a part of the submission.

3. Each submission shall be accompanied by a
text, in TEX, to explain its meaning, give
examples of its use, and show the character
in at least three sizes. These sizes should
be appropriate for use in textual documents
and screen display. A range of 10pt to 72pt
is considered appropriate. This text will be
the primary object studied to determine the
awarding of prizes.

4. Each character or family shall include a discus-
sion of one to five pages on considerations of
design and METAFONT implementation. This
discussion is for the purpose of pedagogy for
other METAFONT users. The discussion should
be appropriate for inclusion as a part of a
possible companion to Volumes C and E, The
METAFONTbook and Computer Modern Type-
faces. Additional pages may be added for useful
METAFONT macros. This source will also be
considered as part of the basis for awarding of
prizes.

5. TUG shall have the right to publish and
use all submissions. Submissions shall carry
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explicit permission for unlimited redistribution
of the sources and characters on the same basis
as TEX and METAFONT. This will include
acknowledgement of the creator and TUG in
the sources in all redistributions.

6. The artist/author’s submission carries implied
agreement to abide by the terms of this an-
nouncement. It is expected that the judging
will be done by ballot of the members attending
TUG 89 but this is subject to change at the
discretion of the Finance Committee of TUG.

Editorial Comments

Barbara Beeton

Once again it’s time to get organized and put all of
the good things I’ve seen before anyone else into a
nice neat package. The news from all over the world
is that TEX continues to be both a challenge and
a useful production tool, and users are organizing
regional interest groups as well as conferences of
wider scope. See the calendar and the reports
following it for details.

TEX news

As has already been announced, Donald Knuth will
be giving the keynote address at the tenth annual
TUG meeting at Stanford, 21-23 August 1989, on
the subject of “The errors of TEX”. His paper on
this subject will soon be published in Software—
Practice and Experience. And occasional errors
continue to be found (actually, I suspect the process
owes more to careful excavation than to “luck” in
most cases); the current versions are

TEX 2.97

PLAIN.TeX 2.94

METARFONT 1.7

PLAIN.MF 1.7
Some changes have also been made to the CM fonts,
in the files

CMBASE .MF

BIGOP.MF

ROMANL . MF

SYM.MF

SYMBOL .MF
These changes definitely affect all cmsy* and cmex*
fonts; if you have the capability, you should regen-
erate these. Other fonts are also affected randomly
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in various magnifications; the list is too long to
reproduce here, and it may not be the same for dif-
ferent resolutions or settings of dlacker. You could
regenerate everything if you have the capability and
patience, but unless you are a distributor, a service
center, or are actively shipping .dvi files to other
sites, you shouldn’t have any problems if you wait
for someone else to to the job.

The changes to TEX, METAFONT and the CM
fonts are posted in the errata list supplement bound
into this issue.

All changes have been communicated to all the

implementors and distributors on my mailing list.
 If you are creating a new implementation of TEX
and distributing it to other users, you should be
receiving this information. Send me your name and
address (preferably an electronic address accessible
via the Internet), and a short description of the
implementation you’re working on.

TUGDboat selections on-line

The directory <TeX.TUGBOAT> has been in existence
at Score.Stanford.edu for some time now, and slowly,
very slowly, items that have appeared in TUGboat
are being installed for general use. The TUGboat
header files are there, of course-— TUGBOT.STY for
use with Plain TEX and LTUGBOT.STY for IATEX
(as an article sub-style). Several sample articles
are present, along with a “driver” file that reads
in the (plain) headers and then the article files:
TUGBOT . TeX (the driver file), TBOHYF. TeX (the most
recent edition of the hyphenation exception list)
and TBOCYR.TeX (the article from TUGboat 6#3
that introduced the cyrillic and AMS extra symbol
fonts).
Other items now available at Score include

» the .mf sources for Knuth’s Punk fonts (TUG-
boat 9#2); 13 files named PUNK* .MF

m .mf sources and the article and macros for
APL fonts (TUGboat 8#3); files APL*.TeX,
CMAPL10.*, and TBOAPL.TeX

» tree diagrams by David Eppstein (TUGboat
6#1); files TREEDEF.TeX and TBOTREE.TeX

s IATEX macros for form letters, MERGE.STY, by
Graeme McKinstry (TUGboat 841, revised)

m hyphenation patterns for German (GERMAN-
HYPH.TeX), Icelandic (ICEHYPH.TeX) and Por-
tuguese (PORTHYPH.TeX); if anyone knows of
other available patterns, please let me know.

s complete TUGboat tables of contents, files TB-
CONT.DEF, TBvvyy.CNT for volume vv published
in year yy and two driver files to produce the
contents for volumes 1-5 (TBCVO5.TeX) and
6-10 (TBCV10.TeX)

The file ~-CHRONG-.DIR (there is one in every <TeX>
subdirectory at Score) contains a chronological
list of the directory contents. -READ-.TUG and
TUGFIL.CHG describe the files in the directory and
identify any updates that have been made.

These files are available from Score via anony-
mous FTP on the Internet. Copies have also been
installed in the archives at Clarkson and Aston, and
we are looking into ways to make them available
from the TUG office for those who have no network
access.

More honors for Knuth

On 7 October 1988, as part of the celebration
accompanying the dedication of the new Center for
Information Technology, Brown University awarded
Donald Knuth an honorary Doctor of Science de-
gree, in accordance with the following citation.

Donald Ervin Knuth

Computer science pioneer, mathematical typogra-
pher, developer of the art of programming, concrete
mathematician, musician, and author, you are
renowned in many areas for your uncompromisingly
high standards and your seminal contributions. In
your web you have caught the essence of computer
science. In your books you have made profound
and influential contributions to your fields. In your
mathematical typography you have provided the
glue for the expression of ideas, great and small.
Through your music you have elevated spirits.
Through your writings you have expressed artistic,
surreal, and transcendental connections. You have
been an inspiration to generations of colleagues and
students. We honor you today as a distinguished
scholar and scientist who epitomizes the academic
life at its best.

Doctor of Science

Propter scientiam egregiam et famam universalem
et in rebus computandis et in musica litterisque,
auctoritate mihi commissa te ad gradum in Scientia
Doctoris admitto, omniaque jura atque privilegia
ad hunc gradum pertinentia tibi concedo. In huius
testimonium hoc diploma tibi gravitate summa do.

Howard R Swearer
Praeses

October seventh
1988

UNIVERSITAS BRUNENSIS
Providentiz in Rhodiensis Insulse Republica



A TgX Encounter in Japan

Barbara Beeton

On January 27, following a meeting in Tokyo of
ISO/IEC JTC1/SC18/WG8 (whew!), the interna-
tional Working Group whose interest is in standard-
ization of office and publishing systems, and from
which the SGML standard was issued, I attended
a presentation devoted to introducing the family of
WGS standards to members of the Japanese manu-
facturing and business community. Two standards
were discussed in some detail: SGML (ISO 8879-
1986, Standard Generalized Markup Language) and
SPDL (Standard Page Description Language, still
a working paper). Two others, DSSSL (Document
Style, Semantics and Specification Language) and
Font Information Interchange (DIS 9541, an official
draft, and the reason for my presence in Tokyo),
were mentioned, but not described in detail.

The rationale for SGML is similar to that for
IATEX — a document has a logical structure that is
separate from its presentation, and formally indi-
cating this structure by markup enhances the value
of the document content by making it transmittable
and processable. (A couple of talks on SGML were
on the program at the August 88 TUG meeting in
Montréal, and can be found in the Proceedings.) In
Tokyo, the focus was on how these standards could
support the publication needs, both paper and elec-
tronic, of large organizations (one specific example
was the Department of Energy of the U.S. Govern-
ment), and some demonstrations of SGML-based
products — an editor and a markup aid —using an
example text in Japanese describing the tools and
prepared particularly for the Tokyo audience.

All very interesting, but what does it have to
do with TEX? It turns out that the paper copy
of the SGML talk, by Martin Bryan of SOBEMAP
in Belgium, and Yoichi Tanaka of Toppan Printing
Company of Tokyo, was prepared using TEX, more
specifically JIATEX, as the formatter. This is a
natural pairing of the two systems—SGML for
structural markup, and TEX for formatting. For the
demonstration, TEX was running on a workstation,
and changes to the text could be processed immedi-
ately; an impressive display, as always. The authors
kindly provided me with the original typeset out-
put of the talk; the first page appears on page 9.
To prepare this copy, TEX was run on a FACOM
(Fujitsu) computer, and the output sent to a Hell
Digiset phototypesetter at 900dpi. The beginning
of the input used to prepare this copy appears on
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page 10; however, this is reproduced from a pho-
tocopy of (unknown) laser printer output, so the
quality has suffered. Mr. Tanaka informed me that
the TEX software was provided by the ASCII Corp.
(a long-time member of TUG).

Earlier in the day, I'd had a chance to speak
with Geoff Leach, a member of ASCII’s publishing
division staff. He informed me that the Japanese-
language edition of The TgXbook will probably
appear early next summer; I'm looking forward
eagerly to seeing a copy. There seems to be
a devoted, and growing, group of TEX users in
Japan — there have been presentations on Japanese
TgX at the last two TUG meetings —and a tailored
edition of The TgXbook can only make it more
accessible. Stay tuned.

TEX Would Find It Difficult...

From Donald Knuth:

When preparing Concrete Mathematics I ran
across [this] example of an unusual displayed for-
mula in a paper by Joseph Bertrand (Journal de
I’Ecole Royale Polytechnique 18 (1845)). It’s [an
example] that PostScript will do with relative ease,
while TEX and METAFONT must work harder. We
could pose it as a problem to get the nicest output;
the French typesetting of 1845 leaves something to
be desired. Curiously, Bertrand says he chose the
notation pour plus de simplicité!

Désignons, pour plus de simplicité, par
A‘I) A
1

(1) - z
o

Editor’s note: Are there any takers?
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Software

News from the VORIEX Project

Michael A. Harrison™
Computer Science Division
University of California, Berkeley

Introduction

This is a report on the current state of the VORIEX
project as it relates to the TEX community. The
project has been running for over three years. Our
research funding has been extended, but we will be
evolving in non TEX-compatible ways. We expect
to publish traditional research papers on the novel

aspects of our work. Cf. [7] for a summary of a

number of issues underlying this work. Design issues
are discussed in [6].

This brief summary will tell you what software
we will have available for use by the research com-
munity; it can be licensed commercially as well. By
the time you read this report, all of the systems dis-
cussed should be available.

The original goal of the VORIEX project was
to create an integrated document preparation en-
vironment capable of producing high quality tech-
nical documents which involve mathematics, text,
and graphics. In VORTEX, both source and target
representations of a document are maintained and
presented. The source representation refers to a TEX
document in its original unformatted form; the tar-
get representation presents its formatted result. The
user can edit both representations using a text ed-
itor and what is called a proof editor, respectively.
Our editor is an Emacs-like editor written in our
own VLisp (VOEIEX Lisp). Changes made to one
representation propagate to the other version au-
tomatically. It is easy to support source modifica-
tions that cause the target representation to change,
but a major challenge was the transformation from
a target version back to the source version. The
original design ideas are described in [6]. The sys-
tem reformats a document and redisplays it on the
screen incrementally. Only the part of the docu-
ment or the subregion of the screen that is affected
by recent changes is reprocessed. The document

*Sponsored by the Defense Advanced Research
Projects Agency (DoD), monitored by Space and
Naval Warfare Systems Command, under Contract
No. N00039-88-C-0292. Additional funding came
from the California MICRO program (Grant 88-083
in conjunction with IBM).
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environment has support for automatic production
of indexes for books [8], support for bibliographic
material [3], spelling checkers, and other document-
related utilities. Cf. {5].

Our current system uses workstations with bit-
map displays running under the UNIX operating sys-
tem and the X window system [12]. Some subsys-
tems also support SUNVIEW. In order to provide
device independent high quality graphics, we use
PostScript [1,2] and have written a PostScript in-
terpreter. We are developing methods to interpo-
late PostScript into our displays. Future research
plans include supporting composite objects, sym-
bolic mathematics, hypertext documents, audio, live
video, etc. A key element will be access to a persis-
tent object base which is important for many appli-
cations.

The VORIEX prototype is running and did pass
the traditional Trip test [10], as well as the more
demanding Trip* test required of incremental doc-
ument processors [9]. Because the TEX processor is
based on Pat Monardo's C-TEX, the system is fast.
Some timing data are reported in [9]. The most
challenging part of VORIEX is the reverse mapping
mechanism. To handle some of the semantic diffi-
culties, functions in VLisp are used to implement
reverse mapping. Only a few are implemented in
the current prototype.

The VORIEX prototype will be available on the
distribution sometime in January 1989. As the sys-
tem currently stands, it will require a great deal of
work to make into an industrial-strength system. It
served our purposes admirably because we found out
what we did right (and wrong) and this will influ-
ence the design of its successor.

We have produced another system called
INCTEX, derived from VORTEX, which we think
will be useful immediately to the TEX community.
INCTEX is an incremental TEX processor.! It is very
fast and is more efficient in its use of memory than
VORTEX. It supports quiescence checking, conver-
gence testing, etc. (cf. [9] for definitions). It creates
a DVI file and checkpoints some state information for
each page on the first run. On subsequent runs, only
those parts of the document which have changed
are reprocessed. When running IATEX incremen-
tally, no unnecessary passes are used. INCITRX, un-
like VORTEX, is editor independent and is designed
to avoid parts of the operating system which would
hamper porting.

INCTEX has not passed the Trip* test as of this
writing, but works well enough to process many re-
search papers and a 200-page dissertation. INCTEX

L Any flavor of you want, not just plain TEX.
Y
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should be a very valuable extension to the family of
TEX processors.

Graphics

PostScript was chosen as the language for speci-
fying graphics [2,1]. We have a PostScript inter-
preter which runs under X10(R2), and under SUN-
VIEW. This interpreter is available for distribution.
The system involves a base interpreter and separate
programs for interface to various window systems.
Some of the algorithms used are original and will
be published. While the interpreter is still only a
prototype, it has been used in some commercial im-
plementations, and can be extended and optimized.
Perhaps some Berkeley MS students can be induced
to do the remaining tasks {like porting to X11(R3)),
but we have neither the resources nor the mission to
develop commercial-level software. Several vendors
have more robust PostScript systems, but we will
distribute our source code and encourage you to im-
prove on the interpreter.

Fonts

As part of the PostScript interpreter project, we
needed outline fonts. It was possible to write a Post-
Script program which calculates the coordinates of
the points on the outline curves for any font which
is native to or may be downloaded into a PostScript
printer. From this data, one can automatically con-
struct outline fonts using well known spline tech-
niques. Thus, we have available 35 outline fonts
which are on the distribution, together with the sup-
porting software. These fonts use our own outlines
but are congruent to some well known fonts. Ta-
ble 1 lists equivalents for the more interesting out-
line fonts.

Having outline fonts is important, not only for
the use of the interpreter. Of course, you can do
illustrations like Figure 1. The A’s in Figure 1 are
from our t-rom font.

We can generate a full set of pk fonts for Table 1
for use with our previewers. We have an awk script
which converts our outlines into the . cf format used
by the TYPO editor [13]. This editor, written by
Jakob Gonczarowski and marketed by Typograph-
ics, Inc., is very useful. Among other features, it
converts between various descriptions and font for-
mats. Thus we can automatically convert from our
outlines into Metafont files and hence into your fa-
vorite format.

Other Systems

There are many other subsystems available and a
brief outline of some of them is given below.
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Table 1: Font Equivalents

Berkeley Fonts  Old Favorites

ag-book AvantGarde-Book
ag-bookobl AvantGarde-BookOblique
ag-demi AvantGarde-Demi
ag-demiobl AvantGarde-DemiOblique
b-demi Bookman-Demi

b-demiita Bookman-Demiltalic

b-lig Bookman-Light

b-ligita Bookman-Lightltalic
h-bol Helvetica-Bold

h-bolobl Helvetica-BoldOblique
h-med Helvetica

h-obl Helvetica-Oblique

nes-bol NewCenturySchlbk-Bold
nes-bolita NewCenturySchlbk-BoldItalic
ncs-ita NewCenturySchlbk-Italic
nes-rom NewCenturySchibk-Roman
p-bol Palatino-Bold

p-bolita Palatino-Boldltalic
p-bolobl Palatino-BoldOblique
p-ita Palatino-Italic

p-obl Palatino-Oblique

p-rom Palatino-Roman

t-bol Times-Bold

t-bolita Times-BoldItalic

t-bolobl Times-BoldOblique

t-ita Times-Italic

t-itaun Times-ItalicUnslanted
t-mathita Times-MathlItalic

t-obl Times-Oblique

t-rom Times-Roman

zc-medita ZapfChancery-MediumItalic
zd ZapfDingbats

Screen Previewers

DVItool is a previewer for DVI files which runs on
the SUN workstation. This system is very robust,
handles arbitrary DVI files, and provides a great
many features. It is a full tool in the sense of the
SUN window system and can be adjusted to any size
the user finds appropriate. It is possible to keep a
small window on the screen for previewing at the
same time a source window is present. This is ex-
tremely valuable in debugging. Changing the view
you have of a page is instantaneous. All magnifica-
tions are supported. Forward and reverse searching
for strings in the DVI file is implemented as well as
the ability to select a character and display its font
The previewer may be customized.
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Figure 1: Some advantages of outline fonts.

DVI2x is a previewer for DVI files which runs
under the X10 window system. It has a number of
the same features as DVItool such as customizable
key bindings. There are user definable functions,
rulers, and side-by-side display of two pages. This
program is quite fast.

DVI2X11 is a previewer for DVI files which runs
under the X11(R3) window system. It is similar
to DVI2x but is more than just a simple adaptation.
The graphics have been improved and the scroll bars
are draggable. This version is now faster than texx.

Environments

We distribute a large LISP library for use with
emacs. We work with the gnuemacs version. This
is intended for use with TEX, I#TEX and BIBTEX. In
addition to the most elaborate TEX mode known [4],
the user is assisted in creating .bib files, and given
forms-based assistance in filling in bibliographic en-
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tries [3]. Functions exist for copying and duplicat-
ing flelds from previous entries, etc. One particu-
larly useful option is preparing a draft bibliography
which includes numerical references, symbolic refer-
ences and a formatted version of the entries. An-
other of the options allows previewing on the SUN
or printing on any of your local printers. This sys-
tem interfaces nicely with the DVI display programs
mentioned above. It takes many pages of single-
spaced text to explain all the options. Cf. [4,3,8].
There is also support for dealing with indices and
for online-reference inspection. [11]

Licensing

Since we are a research project, we publish our work
in scholarly publications and distribute our research
software at a nominal charge. We have established
site licenses of various kinds to simplify acquisition
of the software.

We do ask that researchers who have found bugs
or make significant extensions let us know about
them.

In the past, commercial licenses have been ne-
gotiated separately, but this has proven to be too
costly for us in terms of time. To simplify matters,
we will now license the entire distribution for a fixed
fee without royalties

We are adding the new software to the distribu-
tion at this time and hope that it will be complete
by the end of January 1989.

Credits

The following people have written or made major
contributions to the software being distributed: Pe-
hong Chen, John Coker, Michael A. Harrison, Paul
N. Hilfinger, Dan Hydar, Jeffrey W. McCarrell, Ikuo
Minakata, Pat Monardo, and Steven Procter.

SUNVIEW is a registered trademark of Sun Mi-
crosystems Inc. The X Window System is a reg-
istered trademark of M.I.T. Helvetica, Times, and
Palatino are registered trademarks of the Allied Cor-
poration. Avant Garde, Bookman, Dingbats, and
Zapf Chancery are registered trademarks of the In-
ternational Typeface Corporation.
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An Enhanced TgX-Editor Interface for VMS

Adrian F. Clark
Essex University

The author described various enhancements to the
Stanford distribution of TEX under VAX/VMS in a
couple of previous articles. The most significant of
these was to allow an editor to be invoked (by typing
‘e’ or ‘E’) when TEX spotted an error in its input file.
The editor which was interfaced to TgX at that time
was TPU. Since then, a number of requests have been
made for interfaces to other editors, usually EDT.
The author is pleased to announce that this has now
been done, in a way which is fully compatible with
the previous editor interface. This note discusses the
interfaces to the editors usually encountered under
VMS and shows how other editors can also be used.

VMS is supplied with a number of editors: EDT
and, latterly, TPU are the most widely used, but
Real Programmers and people who have used other
DEC systems sometimes prefer TECO; those of us
who remember the bad old days under VMS 1 will
probably be familiar with S0S (which, although un-
supported, can still be acquired through DECUS).
There are also layered products which provide edi-
tors, such as LSE (language-sensitive editor) and a
UNIX-compatible ed in DECshell. And, of course,
there are third party and public-domain products —
for example, Gnu Emacs and STE, the Software Tools
editor.

The basic strategy for invoking an editor from
TEX is (in VMS jargon) to spawn a sub-process
which executes a DCL command to edit the erro-
neous TEX input file. When the corrections have
been made, the editor is exited, the sub-process
deleted and control returned to the TEX session.
However, sub-process creation and deletion is rather
slow under VMS, so invoking editors in this way can
give an unsatisfactory response on systems with a
significant load. For this reason, both TPU and EDT
are callable, i.e. they can be invoked as procedures
from TEX; this gives a much better response.

To decide which editor to use, TEX looks at the
logical name TEX$EDIT (by analogy with MAIL and
other utilities). This should translate to the name
of the editor to be used (see below). If the logical
name is not defined, TPU is selected, for compatibil-
ity with the previous version of the editor interface.
Following selection of the editor, TEX translates the
logical name TEX$EDIT_INIT, which should give the
initialisation file for the appropriate editor. (For
TPU, if TEX$EDIT_INIT does not exist, TEX trans-
lates TEX$TPU_INI, again for compatibility with the



TUGDboat, Volume 10 (1989), No. 1

previous version.) What happens next depends on
the chosen editor.

For TPU, a scratch file is created and the con-
tents of any initialisation file copied to it. Com-
mands are added to position the cursor at the place
where TEX spotted the error. The scratch file is then
used as the TPU initialisation file. After exiting the
editor, this scratch file is deleted.

The process for EDT is similar: an initialisa-
tion file specified via TEX$EDIT_INIT is copied to a
scratch file which is used to initialise EDT. However,
it is not possible to position the cursor exactly at
the erroneous text automatically (EDT is somewhat
lacking in this respect), only to the right line. So the
command sequence GOLD M is defined, which can be
used to position the column correctly by hand.

Since both TPU and EDT are callable, but only
one can be used in a particular TEX session, it is
obviously somewhat inefficient to have both per-
manently linked (they are both quite large). For-
tunately, both editors are implemented as sharable
images. This allows TEX to determine which edi-
tor to use via TEX$EDIT, then load the appropriate
sharable image using the run-time library routine
LIB$FIND_IMAGE_SYMBOL before invoking the editor.

With the possible exception of LSE, which is
TPU-based but not available to the author, the other
DEC editors are not callable, and must be invoked,
as would a non-DEC editor, by spawning a DCL
command. Of the non-callable editors, only TECO
can position the cursor in its initialisation file. How-
ever, input to TECO is split into pages (i.e., TECO
makes a single pass through the file with a buffer
of finite capacity), so it is not wise to position the
cursor automatically. Instead, a macro is defined in
g-register ‘1’ to perform the positioning.

Any other editor is executed with a fixed se-
quence of command line arguments, separated by
spaces: the file to be edited; the erroneous line;
the erroneous column; and the initialisation file (if
any). This allows a DCL procedure to be specified
as TEX$EDIT, permitting editor-specific processing.
For example, the trivial procedure for use with S0S
would be:

$ DEFINE/USER SYS$INPUT SYS$COMMAND:
$ SOs 'p1’

The change file and editor-specific code
for TEX 2.95 can be obtained by contacting
the author at either alien@uk.ac.essex.ese or
alienQuk.ac.kcl.ph.ipg. Both these addresses
are on JANET, the U.K. academic network. The
change file also features a large (>64K) memory,
to enable the production of PiCTiEX graphics and
halftone images.
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The Virtual Memory Management of
PubliC TEX

Klaus Thull

Last summer in TgXeter, I promised a public
domain TEX for the PC. At that time I had solved
the compiler related (arithmetic and idiosyncratic)
problems and had passed the trip test. For a
production version, capable of TEX, PICTEX and
ApS-TEX, 1 still needed a Virtual Memory scheme
which was promised me at TpXeter but never
arrived. This I did then on my own, following some
advice from “The Art of Computer Programming,”
tested it thoroughly, and completed a production
version last autumn. For a while now this “PubliC
TEX” is up and running, and has passed some few
tests and productions.

This TEX does pass the trip test, I am proud
to announce. On all accounts it is a fully developed
specimen, capable of heavy work, and has proven
reasonably stable. It can be configured with
full memory and font space since these two are
virtualized. The other table spaces must fit into
real memory but even under Novell conditions which
leave ca. 450-500kB this seems to be sufficient for
generous sizes. The setting I use now has grown out
of some experimenting with large runs in narrow
conditions. Some of those large runs have been
done with the new PubliC TEX.

As yet, this TEX is still slow. Its speed is
ca. one fourth of that of its big commercial brother.
On a 10MHz NCR AT-Compatible, it takes about
20 seconds for a plain page, and 30 for a TATEX
page.

This TEX does not need the co-processor any-
more. Since TURBOPASCAL'’s emulation knows only
a 6-byte real datatype, some hand-coded conversion
is used for float and unfloat. -

TEX is accompanied by the complete TEXware
and the complete GF- and PK-ware. MFT and METR-
FONT are still missing but I am working at that.
I won’t do anything about PXL-ware, yet I intend
to do a PKtoCH/CHtoPK pair in order to have some
font editing facility.

The entire sources are publicly available at
LISTSERV@DHDURZ! .BITNET.

The Compiler: The compiler of my choice was
Borland’s TURBOPASCAL when version 4 was an-
nounced. This was the version introducing large
memory model, multi-module compilation and 32-
bit integers.

For once, I experienced a p compiler which
deserves the name (but then, I am a spoiled
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mainframe user). Where I do not have to wait many
hours for a compilation. In fact, I have to wait 5
minutes of which 4 are TANGLE time. Where I didn’t
have to spend several weeks only to trace down
compiler bugs. Where I/0, type conversion and
arithmetic behavior is handled somewhat sensibly.
Where code generated is decently small. TEX’s size
is about 180k. Imagine my tears.

Of course, there are idiosyncrasies, and one
(maybe-)bug. There was, of course, line_break’s
standard feature turning looseness of —2 into 65534
which is displayed by every 16bit compiler. There
was one new casting bug in tangle which spoiled
try-break. Some more things like that.

Nevertheless, this compiler has passed its TEX
test with all jets flaming, I think. A thousand
thanks to its makers.

Virtual Memory TEX: mem and font_info are
the two tables virtualized. These two are the
largest, and—alas—the ones accessed most, I sus-
pect. I chose to devise a swapper governing one
real memory page pool to serve both tables. This
scheme might be extended to include other tables
one day. Next on the list are INITEX’s hyphenation
generator tables since for INITEX conditions do get
Narrow.

For testing memory access, I had an early,
small, pre-VM version of TEX, sufficient for WEBs,
output a memory access log for mem and font_info.
Then I took a couple of 10-20 page web logs as
input data for statistics and simulation.

Here are some results of investigating said data
as well as of experiments with the completed Virtual
Memory TEX.

Basically, one printed page takes about 200000
memory accesses. This number of course grows
for PICTEX, and also for huge paragraphs. The
maximum record is held by my own prime number
plotter with 6 million accesses, followed by a certain
PICTEX page with 2 million accesses. About 3
to 4 consecutive accesses are on the same 256-cell
memory page, in the average. This fact is yet to
be exploited to construct the ‘very fast’ memory
access.

TEX’s memory access behavior itself may be
deemed “semi-local” which loosely means: of a row
of consecutive memory accesses, some portion of
them access a locally limited area. Over the long
run, the area may change, but then the new area
is another locality area. In the case of TEX, the
access pattern is clear: the paragraph, the formula,
the one macro under construction, each make for
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hh ighfkj b £ h ah fj
il ffifil i g g
ii ilhjf i i gk
ii dkld f h h gk
ije glie h g f£j
kihf hl £ i h gj
ilhkc hiji i i gj
jilh giijg h h gj
iihg ilh ¢ h i g]
ingkjjji jf g i b gj
ih kkffi ige e h h  fj
eii jlh i g i i gj
ihdilkdi fg h j gk
iifgklfigdif g i i gk
ii dikgicfkh i g gk
fhefhfighhhkhgfdch £ d gei
dheeb ejjcbcd

dgcihfhi ggb d
bcbbhjidebegb b
dbe ehfijhjed
fifiijhihghd d

ekichijhhccigi iegjia h fa f 1
djie ehgd cihi ghih h £ gi
iiceikhcdcjeh cejf h £ g J
ijegkkh dejdi  ekgf h gh gej
hh gkif cgh je g e gi
dii jihff fh i jeg h g hj
iigkkifg jicifd hjg h gc hj
chgchjjffcehee degf
chgejkjffchhee ddfgf b e
deekligi ijghia kg bd fi ej
cdcbjjfcf gfbbbb hb e ¢c h
ccbbhkf e ffbb gb d

Figure U: This is the memory access log over
the last three pages of a 20 page .web (containing
the index, the section list, and the TOC) using
the original memory access scheme recorded in The
TrXbook.

Each line logs, for 10000 accesses, their distri-
bution over the 256-cell memory pages. Each letter
denotes the log, of the number of accesses of that
memory page (a:1, b:2, c:4 accesses, etc.).

This picture covers mem’s single node area
only. The right part covers the macro area and the
left part the character node area. '

locality of accesses; non-locally there are macro,
font, and glue references.

Investigating swap decision algorithms, the
most important factor happened outside the swap-
per: locality gets lost over the run of printed pages.
Free list gets scrambled, and after, say, five printed
pages locality is virtually non-existent. To restore
locality, I constructed a free list sorter. Indeed,
on the PC the sorting decreased the number of
page faults by 10% under favorable conditions (100
available memory pages) to l/2 under narrow con-
ditions (30 mem pages). Figures U and S, which
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ljkkiaecajaflj fh h ah  gj
xl j i g &
m k i h gk
k1l h| h h £j
m k i h gk
1j k i g gk
m b h i gk
mk J i i gk
jl k i h gk
d 1 j ge e i h gj
jm k i i gk
m j i j gk
kl k i h gk
fe ddem j dfdh i d g ggk
ijgec i dh e f
3]
iji d
h ¢ jj dh
8333
ijji d
h
333333 d
jaahgaijklkkjj ifhjia h fa £ i
k k h jh h f g3]
kk ki g h g g
hl ki jet h gh hej
hkl j i kgg h g h j
hjldc a j i 4 hjg h g h j
ikii £ h f fgf ec ef
ijkf h gf
ijkjjjj b gt
klhfgajjkjkkkjidfka bd fibei
jlce g b bb i e f 1
hk £ f
hjjjjkjjkjkkkj fhegf d

Figure S: This image records the memory accesses
during the same pages as in Fig. U to the same
memory area, using the same recording conventions,
but this time a free list sort is employed at the end
of every ship.out.

Note the locality visibly in effect now. Note also
the increased number of accesses vs. the decreased
number of accessed pages per line.

are compiled from corresponding mem access logs,
demonstrate the difference between the unsorted
and the sorted case.

Also, when 1 installed the free list sorter on
PCS Cadmus which now is a paging system, it
seemed to me that throughput increased by 10%
while the sorter itself adds ca. 1% of CPU time.
I would like to see this measured under controlled
conditions (Size of the Working Set? Number of
page faults?). At PCS, I cannot do that.

Memory page size of 256 cells (which is 1k} is
just the right compromise. A larger size increases
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the number of swaps while the average number
of consecutive accesses of the same memory page
never exceeds 4. A smaller size increases page
translation table size which is now 3.3k (Memory
page size x page translation table size = const).

When memory page size is 256 cells and mem-
ory is 512k (which is likely under Novell) then
INITEX obtains 12 pages swappable memory, and
VIRTEX about 120 pages. In that case, one average
IATEX run takes about 100 memory page swaps per
printed page. This is a tolerable low swap rate,
I think, and so I won’t spend too much time in
speeding up swapping.

1. PubliC TgX'’s Memory handler. Here the
two memory handling components are given in detail
since they are the central part, I think, of the PC
port. The solutions presented here may transcend
TurBOPASCAL, and may allow for porting the WEB-
to-C stuff, which is on the tape now, to small
machines. Furthermore I would like to see others
improve it.

A few details are left off, like most of the
debugs, the procedure call cross referencing needed
for TurBOPASCAL’s wnit mechanism, and the
use_assembler switch, since they just clog up the
text without adding clarity.

format debug = begin
format gubed = end
format stat = begin
format tats = end
format fakebegin = begin
format fakeend = end

2.  For a change, TurRBO allows clean memory
management due to an undocumented feature. This
feature is not PASCAL as defined but, at least, it is
cleaner than other constructs I saw used on 16bit
machines. (O ye nameless compilers, get you gone
into oblivion, and speedily.) If, say, memp(z) is
a function returning a pointer of some type, then
TURBO accepts memp(z)] «— something, and it
does the right thing. This feature comes in handy
here.

define mem (#) = memp(#)]

define font_info(#) = fmemp(#)1
{Types in the outer block 2} =
p-memory.word = Tmemory._word;
mem_pc_index = 0 .. maz_mem_ptece;
mem._piece = array [mem._pc_indez] of

memory-word;

p.mem_inder = p_mem_min .. p_Mem_maz;
p_fmem_index = 0 .. p_fmem_size;


































































































































































































































































































































































oo
































































































