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POLICY: PASCAL NEWS (15-Sep-801

* Pascal!!!!!! is the official but informal publication'of the User's Group.

* Pascal News contains all we (the editors)
.know about Pascal; we use it as

the vehicle to answer ~81l inquiries because our physical energy and
resources for answering individual requests are finite. As PUG grows, we
unfortunately ~uccumb to the. reality of:

1. Having to insist that people who need to know "about Pascal" join PUG
and read Pascal News - that is why we spend time to produce it!

2. Refusing to return phone calls 'or answer letters full of questions - we
will pass the questions on to the readership of Pascal News. Please
understand what the collective effect of individual inquiri~as at the
"concentrators" (our phones and mailboxes). 0 We are trying honestly to say:
"We cannot promise more that we can do."

* Pascal News is produced 3 or 4 times during a year; usually in March, June,
September;-and December.

* ALL THE NEWS.THAT'S FIT, WE PRINT. Please send material (brevity is a
virtue) for Pascal News single-spaced and camera-ready (use dark ribbon and
18.5 em lines!) -

;* Remember: ALL LETTERS TO US WILL BE PRINTED UNLESS THEY CONTAINA REQUEST
o

TO THE CONTRARY.

* Pascal News is divided into flexib!e sections:

POLICY - explains the way we do things (ALL-PURPOSE COUPON, etc.)

EDITOR'S CONTRIBUTION - passes along the opinion and point of view of the
editor together with changes in the mechanics of PUG operation, etc.

HERE AND THERE WITH PASCAL - presents news from people, conference
announcements and reports, new books and. articles (including reviews),
riotices of Pascal in the nsows, history, membership rosters, etc.

APPLICATIONS - presents and documents source programs written in Pascal
for various algorithms, and software tools.. for a Pascal environment; news
of significant applications programs. Also critiques regarding
program/ algorithm certification, .performance, standards conformance,
style, output convenience, and general design.

ARTICLES - contains formal, submitted contributions (such as Pascal
philosophy, use of Pascal as a teacbing tool, use of Pascal at different
computer installations, how to promote Pascal, etc.).

OPEN FORUM FOR MEMBERS - contains short, informal correspondence among
members which is of interest to the readership of Pascal ~.
IMPLEMENTAl"lONWOTES 7:' reports news of Pasc-al implementations: contacts
for maintainers, implementors, distributors, anddocumentors of various
implementations as well as where to send bug reports. Qualitative and
quantitative.. desctip.t..ions and comparisons of various implementations are
publicized. Sections contain information about Portable Pascals, Pascal
Variants, Feature-Implementation Notes, and Machine-Dependent
Implementations .

i-



- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
USA Europe Aust.

] 1 year $10. $14. A$ 8.
] Enter me as a new member for:

] 2 years $18. $25. A$ 15.
[ ] Renew my subscription for:

3 years $25. *35. A$ 20.

[ ] Send Back Issue(s)

- - - - - - ALL-PURPOSE COUPON - - - - - - (1-Apr-81)

Pascal Users Group
P.O. Box 4406

Allentown, Pa. 18170-4406 USA

**Note**

We will not accept purchace orders.
Make checks payable to: "Pascal Users Group", drawn on a U.S. bank
in U.S. dollars.
See the Pol icy section on the reverse side alternate address if
you are located in the Australasian Region.
Note the discounts below, for multi-year subscription and renewal.
The U. S. Postal Service does not forward Pascal News.

] My new address/phone is listed below

[] Enclosed please find a contribution, idea, article or opinion
which is submitted for publication in the Pascal News.

[] Comments:

ENCLOSED PLEASE FIND: A$
$

CHECK no.

NAME

ADDRESS

PHONE

COMPUTER

DATE

-- --------------
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JOINING PASCAL USERS GROUP?

Membership is open to anyone: particularly the pascal user, teacher,
maintainer, implementor, distributor, or just plain fan.
Please enclose the proper prepayment (check payable to "Pascal user's
Group"); we will not bill you.
Please do not senO-Us purchase ordersi we cannot endure the paper work!
When you join PUG any time within a year: January 1 to December 31, you will
receive all issues of Pascal News for that year.
We produce pascal News as a---means toward the end of promoting Pascal and
communicating news or events surrounding pascal to persons interested in
Pascal. We are simply interested in the news ourselves and prefer to share
it through pascal News. We desi re to minimi ze paperwo rk, because we have
other work to do.

------------------------------------------------------------------------------

American Reg ion (North and South Amer ica) , and European Reg ion (Europe,
North Africa, Western and Central Asia): Join through PUGUSA

Australasian Region (Australia, East Asia - incl. Japan): PUG(AUS) . Send
$A10.00 per year to: Pascal Users Group, c/o Arthur Sale, Department of
Information Science, University of Tasmania, Box 252C GPO, Hobart, Tasmania
7001, Australia. International telephone: 61-02-23 0561 x435

------------------------------------------------------------------------------

PUG (USA) produces Pascal News and keeps all mailing addresses on a common
list. Regional representatlves collect memberships from their regions as a
service, and they reprint and distribute Pascal News using a proof copy and
mailing labels sent from PUG (USA) . Persons in the Australasian Region must
join through thei r reg ional representative. people in other places please
join through PUG (USA) .

RENEWING?

Please renew early (before November and please write us a line or two to tell
us what you are doing with pascal, and tell us what you think of PUG and
Pascal News. Renewing for more than one year saves us time.

ORDERING BACK ISSUES OR EXTRA ISSUES?

Our unusual policy of automatically sending all issues of Pascal News to
anyone who joins wi thin a year means that we eliminate many requests for
backissues ahead of time, and we don't have to reprint important information
in every issue--especially about Pascal implementations!
Issues 1 .. 8 (January, 1974 - May 1977) are out of print.
Issues 9 .. 12 (September, 1977 - June, 1978)-are-available from PUG(USA) all
for $15.00 and from PUG(AUS) all for $A15.00
Issues 13 16 are available from PUG(AUS) all for $A15.00i and from
PUG(USA) all for $15.00.
Extra single copies of new issues (current academic year) are: $5.00 each -
PUG(USA)i and $A5.00 each - PUG (AUS) .

SENDING MATERIAL FOR PUBLICATION?

Your experiences with Pascal (teaching and otherwise), ideas, letters,
opinions, notices, news, articles, conference announcements, reports,
implementation information, applications, etc. are welcome. Please send
material single-spaced and in camera-ready (use a dark ribbon and lines l' i
cm. wide) form.
All letters will"be printed unless they contain a request to the contrary.



APPLICATION FOR LICENSE TO USE VALIDATION SUITE FOR PASCAL

Name and address of requestor:
(Company name if requestor is a company)

Phone Number:

Name and address to which information should
be addressed (Write II as above" if the same)

Signature of requestor:

Date:

In making this application, which should be signed by a responsible person in the
case of a company, the requestor agrees that:

a) The Validation Suite is recognized as being the copyrighted, proprietary prop-
erty of R. A. Freak and A.H.J. Sale, and

b) The requestor will not distribute or otherwise make available machine-readable
copies of the Validation Suite, modified or unmodified, to any third party
without written permission of the copyright holders.

In return, the copyright holders grant full permission to use the programs and doc-
umentation contained in the Validation Suite for the purpose of compiler validation,
acceptance tests, benchmarking, preparation of comparative reports, and similar pur-
poses, and to make available the listings of the results of compilation and execution
of the programs to third parties in the course of the above activities. In such doc-
uments, reference shall be made to the original copyright notice and its source.

X Distribution charge: $50.00

X Make checks payable to ANPAjRI in US dollars drawn on a US bank.
Remittance must accompany application.

Source Code Delivery Medium Specification:
9-track, 800 bpi, NRZI, Odd Parity, 600. Magnetic Tape

Mail request to:

( ) ANSI-Standard

ANPAjRI . .
P.O. Box 598
Easton, Pa. 18042
USA
Attn: R.J. Cichelli

a) Select character code set:
( ) ASCII ( ) EBCDIC

b) Each logical record is an 80 character card image.
Select block size in logical records per block.

( ) 40 ( ) 20 ( ) 10

( ) Special DEC System Alternates:
( ) RSX-IAS PIP Format
( ) DOS-RSTS FLX Format

lce use on y
Signed
Date

Richard J. Cichelli
On behalf of A.H.J. Sale & R.A. Freak
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Editor's Contribution

NEW ADDRESS

Yes, in my continued effort to bring you better service, (read
this as: I can not do all the work effectively!) I have found
someone else (read: sucker) to take over the PUG mailing list. I
am sure that this will increase the satisfaction level for this
task l~~'. this will take a great load off of my back and allow me
to devote all of my time to editing and publishing pascal News.

LATE

I thought April first (April Fools Day) was an appropriate target
date for this issue of Pascal News! I apologize for the tardiness,
but my work (I have a real job that pays the bills) and the many
pressing problems and issues of PN got in the way. I had to solve
the PUG Europe problem, and try to gather as much as I could
concerning the final vote on the ISO standard.

FUTURE OF PUG IN EUROPE---
It took me more than a few months to correct the festering
problems in Europe sur round ing pascal News. The prev ious
coordinator was sinking under the mire of ever increasing job
responsibilities as well as the editorship of clearly the best
journal dealing with practical software implementation. (SP&E) As
a resul t, the european reg ion suffered from lack of attention.
This is over! PUG cares. Please send your "job well done's" to
David in Southampton, and send your complaints to PUGUSA. We will
be handling all but the Australasia Region from the US. Please
read the new APC carefully for policy and price changes. We will
be mailing by surface mail to the UK and Europe, but I have been
assured by the USPS that it should take no more than a month. I
have been asked if I would mail by air for an extra surcharge. The
answer has to be no, at this time. PUG can just not afford the
special processing and handling that this would be required for
two different types of mail. Sorry!

STANDARDS

Another delay was the standards effort. There is so much going on
in the standards arena that we just could not afford to miss it. I
think it was worth it. Over half of this issue is devoted to the
vote on the ISO standard for Pascal (7185). Jim Miner has done
another fine job.
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THIS ISSUE

Now the good news! We have another jam packed issue. I think you
will recognize out book reviewer this issue. He is an "occasional"
contributor to PN. And I hope you will get a chuckle from our
"sister" publication PUG PRESS. Andy Mickel brings this little gem
to us. The other HERE and THERE article is a real puzzle. It came
to me just as you see it!?

.

The application for this issue was so good I could not miss
pubIishing it. It is a Pascal to EMI pseudo code compiler by
Andrew Tanenbaum. Its a real beauty. But it was sooooo big I could
not publish it all... yet. This issue conta~ns the definition of
the assembler language that is output and also an interpreter
which serves as the EMI machine definition. Issue 22 will contain
the program text for the EMI Pascal compiler. I hope everyone
reviews the documentation and the code, even if they do not need
the compiler. It is a fine example of elegant design and
implementation using the language Pascal. Also included in the
APPLICATIONS section is an article by Jeff Pepper om the
implementation of extended precision integer arithmetic. A fine
job.

The ARTICLES section contains a thought provoking extension to the
read/write subroutines by David Rowland. Lets hear a response from
the members. And finally Maragret Kulos has contributed a very
comprehensive article comparing OMSI-l Pascal and The Swedish
Pascal compiler. There is a great deal of interest in these two
compilers for the PDP-Il. I hope this provides some answers.

All in all, a great issue. More to come on EMI in issue #22.

Hope you like it!

**************************



Here and There With Pascal
BOOK REVIEW

(5)The failure of many
requirements of the
implementations the
features.
The po~s~bility of,the statement failing to terminate (incorrectly)
some l1m1t values 1n the OMSI and UCSD implementations is not
documented.
The statement is
by the statement

true to say that

of these implementations to enforce the

for-statement is not mentioned; indeed for four
entry is None known for implementation-dependentThe PascaL Handbook by Jacques Tiberghien

500pp, 270 Illustrations, SYBEX, Berkeley

(1980) $US14.95 (paper edition only),

ISBN 0-89588-053-9.

(6)
for

(7)
~ade that The A and B parameters may not be modified
~n the Loop. This is simply incorrect, though it is
the loop limits are determined on entry to the loop.

Overview

This is not a Pascal textbook; it is something very different. Perhaps the
most succint description is that it is a Pascal lericon: a sort of
all-purposereference manual. It is organized around entries keyed by an
appropriate Pascal word (eg if, scope, writeln) arranged in alphabetical
order. Each entry takes up one or more whole pages, and the standard sub-
headings are SYNTAX, DESCRIPTION,IMPLEMENTATION-DEPENDENTFEATURES and
EXAMPLE. The relevance of the entry to Standard Pascal and a number of
particular implementations(HPlOOO,CDC, OMSI-l, Pascal/Z and UCSD Pascal) is
encoded into the entry.

Perhaps this is the worst case to show, but a few more examples will suffice

to.show that the problem is not isolated. The syntax for MARK sho~s that
th1S non-standard procedure takes a parameter which is an integer

e~p:ession. MAXINT is incorrectly described as determining the positive
l1m1t of representable integers (which it may be only coincidentally). The
syntax for CASE statements is incorrect. And so on.

General issues

Thus the book is meant to be used as a dictionary to look up difficult points
or to find out what some usage in a program you have received really means.
As such, it follows a lot of reference manuals which are similarly structured
(eg the B6700/7700 Pascal Reference Manual).

However, since Pascal is a small language with not very many things needing
to be remembered, it needs to be asked why a lexicon of 500 pages is needed?
Examination of the book ~ndicates that its main purpose seems to be to
document extensions and differences between implementations. Thus, since its
topic is the union of all the quirks of 5 implementations, it has grown to

this rather large size.

There are two.major deficiencies in this book which deserve comment. First
is t~e lack 0: f~rmal definitions,and indeed the appearance of only a few
Engl~sh descr~pt10nsthat resemble the actual requirements of Pascal. The
author claims to be talking about Pascal (presumablythe standard variety) as
well as the others, but there is simply no basis for comparison if the reader
cannot find out what sets, for example, are really supposed to be.

Target and reality

The second is the mystifying omission of any reference to the Pascal
Valid~tion eff~rt. If one of the purposes of the book is to aid programmers
who w1sh to wr1te portable Pascal programs, then it is difficult to
understand why the author did not carry out validation tests on the five
compilers he regards as important, and print the results in a second section
of the book. It would have added significantlyto the value of the book as a
reference.

So much for the target; how does the book match up to it in reality? The
answer seems to be that it does a reasonably good job of documentingwhat
exists, but that it does not measure up to the very exacting standards that
such an ambitious project warrants. The standard of accuracy against which a
dictionary is judged is much higher than that appropriate for textbooks, in
which a few lapses can be tolerated or justified on tQe grounds that pedantic
accuracy would impede learning.

Minor issues

Regrettably,once again it is necessary to point out that capitals were
designed for carving into stone, not for ease of reading. This book
perpetuates the habit of printing programs in capitals, with consequent

loss of legibility.

The slips in the book are far too numerous to detail (a list is being sent to
the author), and a few examples will have to suffice. Dipping into the entry
for the reserved word for is probably the richest source of examples.
Faults which should be-rnentioned are:

(1) An "equivalent flow-chart" is given. The sense of defining a high-

level construct such as while in flow-chart terms is questionable at
the best of times, but for-the complex for-statementit is extremely
unfortunate in that it might make people think the flow-chart is right.
It isn't.

(2) The prohibition on changing the value of the count variable is not
mentioned.

(3) The limitations on what a count variable can be (only a local simple

variable) are not mentioned.
(4) The correct restriction of the HP-lOOO implementation is considered to

be an implementation-dependent feature, whereas the corresponding flaw
in the J&W/CDC implementation is not mentioned.

It,is di:ficult to de~uce the author's criteria for choosing which topics to
om1t or 1nclude. To 1llustrate this, note that the UNIT feature of USCD
Pascal, together with the correspondingUSES, INTERFACE and IMPLEMENTATION
res:rved words, is not treated in the book, apart from a mention, despite
the:r undoubt:d importance in use. On the other hand, such trivia as a pre-
def1ned funct10n EXPIO in OMSI Pascal takes up 2 pages.

Directing another comment to the publisher rather than the author, one
won~ers why the tremendous amount of white space in the book was tolerated.
A ~1t~le care in layout (perhaps two entries per page; perhaps denser
pr~nt1ng) would have halved the number of pages, and perhaps reduced the
prIce.



Summary view
The presenta:ionls traditional, and there are no surprises. The chapter

headlng~ are. Ba.__~ Concept,s, Programming in Pascal, Scalar Types and
Operatol s, Exprcs.:non.3 and ~)taLementst Input. and Output Control Structures
Procenur~s and Functions, Data Types, Arrays, Records a~d Variants, Files,

'Sets, POInters and Lists, UCSD cwd Other Pascals, Program Development (15 in
all) followed by 12 Appencices including answers to selected exercises.

Despite the criticisms made above-t I believe the book would be useful to
programmers who have to cope with Pascal programs which were developed on
different systems or in different dialects. The level of detail and accuracy
of information is not as high as it could bet but nevertheless the book has
no competitors.

I doubt that it will be of much use to
less beginners at programming, because
really Pascal and what is "extension".
simply not meant to be read through.

~..£rtcomings
programmers learning Pascalt still
it is too difficult to see what is

And of course, dictionariesare
In my opinion, the book is not likely to be widely used as a text in
tertiary courses, for several reasons. Most importantly, it is very light on
the con~eptsof Pascal and Dr Zakstreats of the languagesimply as t1!1other
Fortran--orBASIC. In~tructor3 trying to get acrossthe important advancesin
knowledgeaboJ~computingwillnotforgivethe lack, whereasreadersu~ingit
as a self-tutorialalmost certainly wouldn't notice the deficiency. Less
important, but still relevant, is the typical American verbosity in this
kind of book.

A.H.J.SaZe

To illustrate the conceptu31 treatment,observe that 6 pages (pp135-140) deal
with enumerated types and subranges,and 11 pages (pp247-257) for sets.
Other data structuringmethods seem to fare better, but this appearance
disappearson close ~x3~ination. For examplethe array chapter contains
39 pagez, but 4 page3 are devot3d to a matrix addition program, 16 puges to
a sorting program, and 8 pages to UCSD features (including UCSD st~ings which
are not arrays at all!), leaving 11 pages of discussion of the syntax and
semantics of arrays. The low-level obsession with flow of control is very
obvious in this book.

INTRODUCTIONTO PASCAL

- including UCSD Pascal

by Rodnay Zaks
320pp, 100 illustrations
Sybex, Berkeley (1980) US$12.95 (Paper Edition only)
ISBN 0-89588-050-4

A reviewer cannot pretend to check every program and statement in a book SUCh
as thi3, but I was pleased to note few errorS or half-truths in "Introduction
to Pascal n . Notable amongst the omissions, however, are references to the
axiomatic definition of Pascal (surely one of the most important sources!)
and to the draft ISO Standzrd for Pascal. These omissions seem to be related
to the book's orientation towar'dssmall computers and relatively naive
programmers.

Reviewed by A.H.J.Salc, Sandy Bay, Tasmania.

Overview-- In spite of the great care put into this book (its technical presentation is
excellent except for the blu~der of printing program text in capitals), I had
to cometo theconclusionthatthe inclusionof UCSD Pascalin it is a
mistake. The book is predominantly about flSt;::mdard pascaltl, and purchasers
who hopeto learnsomethingaboutUCSD Pascalthatis not in the UCSDand
SofTech manuals will be disappointed. It seems that the UCSD material acts
as textual clutter, even if its inclusion on the cover sells more copies.

On receiving H book which proclaims that it will teach you a programming
langu~ge, I conceive that most reviewers will groan and wonder what new there
is to say. The more so if tho language is a popular one, such as BASIC,
Fortran,COBOL, or Pa3cal. Formanyeducationalbook writers are
plagiarists, and after the fifth to tenth version of the same ideas, my eyes
get weary and the text fuzzy...

To start with, then, it is a pleasure to be able to write that Rodnay Zaks
book is somewhat different from the run-of-the-mill Pascal books. Firstlyit
has a defjnite carget readership, and is addressed to them. DrZaks' book is
well-sui t.ed to frticrocoffi}Jut...erenthusiasts and programmers who want to learn a
bit about Pascal but have no im!IJediate intention of using it professionally.
The exposition is gentle, r~irly easy to read, and liberally interlaced with
reading exz!:1ple~.

SU~l1ary

"Introduction to Pascal" by Dr Rodnay Zaks is a useful soft-cover book that
will pr'obably be useful to people trying to learn Pascal by themselves, due
to the many examples. However, it will lead them up to the point of
programming usin,__ ?a5c~I, but thinking in traditional ways. Many of the
insights and prod"ctivity improvements will require extensive further
experience, but perhaps that is inevitable.To enhanceitsvalu~ to such readers, Dr Zaks has decided to include material

on one popular var'iant of Pascal in the microcomputer field: UCSD Pascal.
Thisis interspersedthroughoutthe book in clearly labelled sub-sections.

Secondly, the book has 8 good collection of examples, and they are not
eX8ctl_y the sa:J!(~ examples you find .in other textbooks!' Learning a language
is always \)asier if you C~ln read. it (and read a lot of it), since then you
discover sampl"r's (or templates) that you can modify to your own purposes,

and thus gr'Mually discover typical. programming paradigms of that language.

I--'<.D
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Even with all the snow on the ground, SPRING IS IN TBJ!:AIa::::
This is a good time to remember to bring your dog's shotsup to date
and don't forget about heartworm.

One of Marianne's Pug Family has passed away in early February.
Helen Landon had only had her PUGS for 2i years, but she truly loved
them. .Her love for all animals was a driving force in ,her life, and
she will Ue missed. The family has requested memorials to Pet Haven
or American Cancer Society.

)IE ~~~~~lA.H.Dt\\5 - ()r\.Wui--UeYJ~~uiYed. ~
Tracy Cunningham has a new little girl PUG named Miss Josie Posie

Penelope." The day before Christmas she was brought home at the tender
agp. of 2t weeks. (This should be a reminder that not all breeders are as
concerned for the dog's welfare as they should be. There is no excuse for
selling a dog at this age for monatary gain. Remind people who are looking
for puppies that they should be eating from a dish, and should be able to
get along without their Mama and litter mates before they are taken home.)

Mr.
.

and Mrs. Don Coen of South St. Paul are soon to be getting a new
baby boy PUG. They recently lost a 13 year old PUG.

Mr. and Mrs. Don Donaldson of River Falls, Wise. became owners of
a male PUG at Christmas time. They bought him from Rachel Fishcher; he
was at the Pug Party last fall as a puppy.

Mr. and Mrs. Joe Jenareo of Minot brought home a new female PUG in
December. They have an eight year old male and are also looking for
another male.

The John Kerschner Family recently bought an eight month old PUG
puppy from Dorothy" Justad.

~ i. 1'\AS y\.{\1V\eCo'n.\esl
The John Healy Family would like to know some of the names that

have been given to the pugs. So we thought it would be fun to have a
"PUG NAME CONTEST." The contest will be based on the registered and/or
call names our PUG people have named their PUGS (past and present).
Some of the catagories will bel most unusual, most beautiful, most
interesting, most common, and most humerous. To enter the contest, please
write or call Maryanne before June 1, 1980. All entrants will be mentioned
in the next newsletter.

~ 11t\Ve ~O\l. f-te(\YQ fu ~te=>t???
We have it on good authority that Pandy WenZ has visited Chipper

Justad at his home. Early May will tell the ~::::

Page 2

Dorothy Justad is proud to announce the arriTal ofl

Woodcrofts Foster Fordyce arrived February 12th (the one and only)

SireI AXC
'"

CKC ptd in Bermuda Ch. Sheffields Shortening Bread
(better known as Chipper)

Sugar Plum Jen IDam I

Wo.n. t -4..dS
WANTED Small PUG Stud

Stud must be experienced yet
Contact. Ron or Marlys Hampe

to breed with the Classiest Bitch in Town.
gentle, lovlng, and discreet.

(612)-890-4141

John G. Waltz I 184 Amherst, St. Paul 551051 1s the manager at Sherwoc ~
Pet in St. Paul. He would like a male pet PUG at a reasonable price. ~

EUnic~ Thorson; 536 1st st., ~octor, Mn. 55810; -recently lost her
fourteen year old PUG. She would like another girl puppy or older PUG.

JI\ Ih(\n~ HOU-])oMh~
Our thanks to Dorothy Justad for the wonderful article

started in show biz. We know it will be useful to those of
in showing PUGS.

If you have any PUG news that you would like to share with fellow
"PUG PEOPLE" please let us know. Deadline for the next newsletter is
June 1, 1980. Just call or write Maryanne, and we'll get your news in
the next issue of PUG PRESS.

on getting
you interestec

HAVE A HAPPY SPRING :::::::

Maryanne Johnson
Henrietta Wenz
Patti Sue Selseth

"»
'"'"V1



Dear Newsletter enthusiast, the following is a list of subjects that are
likely to be examined in the upcoming newsletters. If you feel like
it, please respond to any of the subject matter, adding suggestions,
visions, or other comments. Bits of any incoming communicationare
likely to be recycled into the newsletter at some date. This being the
first newsletters, the form may change from issue to issue, but my idea
initially is to have each letter be a theme examining some proponent of
the hypothetical floating sea city, of which we can all be a part.

a. the spiral method of accretion
b acquiring the necessary elements off the land: going into the

recycling aspects of the project, recycling of cars, refrigerators,
machines for the conducivematerials, and also papers and (liquified)
plant matter, for the papier mache structures.

c. A deeper tripping out on paper machait: how it can be used to
invo~e peoples' minds as to the process of accretion, selecting
varieties of forms which scintillate. Drawings can be included of
terrestrialmotifs, walls, time capsules,zoomorphic borders of
gardens, rises, walkways, spontaneousexpressions of color and
form.

d. aspects of energy acquisition and usage: Solar, wind models, under-
water exploits; shaJing-concepts,valuation.

e. Plantlife likely tt"\ eVvlve, and the natLlres of I.'~rgeI1t ecosys Ci~;r
including overlappings,and new symbioses.

f. Food to be grown, produced, specialty items for shipping away, into
the land: Pickles,sweets,notedcheeses,pastries,modesof eating;
availabilityof different substances.

g. Separation of thirds of spaces: industrial/mercantile/co-operative;
common/state-owned;and home spaces, privately ruled and operated.

h. Varieties of social forms, explorationsof likely.traditions to be
fused for propulsion into pyremusical ambidextrouslymobile batteries.
Cultures to be examined including refugees, aliens, star-struck,
dropped out, mutating, change-oriented.

1. Blasting of t',eclosed-endedsystem!;,reiterating the expansive
potentials in;,erentin futuristicthinking: an invitationto
recent explosions.

j. The inner workings and displayed aspects of the water system in the
structure. Designs for waterfalls, ponds: pools, streams, bathing,
plant feeding, recirculation,distillation.

k. Art- and Extrapolitical-aspectsof lifestylesemerging on the sea.
Options for peoples' expressions in career, craft, vocation, activitiesj

1. An examination of the effort to create groups of three melting, softing
tetras, to meet and merge on the high seas, producing the interior
lagoons and flatlands. Also known as triangulation,the tendenciesof
groups of threes to balance and stability. .,

m. Diagrammatic explanationsof the various levels, including shipping
ports, flotation devices, fluxuatingshores, and sky-high properties.
Proportions of spaces allotted to playgrounds, bycicle loops,
orchards, cottages, mist gardens, arboretum/terminalstands, geodescic
elevating modules, and sky light sculptures of varying densities
will be suggested, examined, detailed.

n. Something to attract transient visitors: vacation playgrounds.
There are fantasy worlds open for exploration, and technological

and entertainmentforms. Also perhaps, casino- and pub-like grottoes,
looking out to under the waves; and varieties of sports presentations
and activities. Contests, fairs, festivals,holidays, erections,
revampings, scribblings.

o. Communicationwith other life forms, and inviting them alqng for
the journey into spa~es high and blue. The idea of having a dolphin
embassy, a whale tavern in the sea (growingtypes of algae for
them), platforms and niches to support many sea tr~vellers,and
those from the sky.

A continuouslybuildingmural made by contributIons.f~o~
each.

., . all the media It will start from some 1nltlal pOlnt(s)v1s1tor 1n . k d (Thanx Yoko)
and spread as more and more visitors come, ma e, an go.

,

The idea of "not letting an enemy rise on any leve]", as Maharis~i
so aptly puts it. The foreign rela.ions app~icable as: ldeolog1es
can be shared as love. Using the platform ~s a museum,

~
carousel

of multiple nationalitiesand displays of blfu~cate merg1ng, develop
events which can be generally supported by natlons, groups, and
factions. In them independentrovers can sniffaround. .
Examinationsof the acoustics, the silentcave.likes, thepubl~c,.
open airy ampetheaters. Electronic and other forms of communication
running alongitscircuits,andextendingfrom itsstructure.
Visions, ideas for schools, markets, subjects to be ta~ght: seems
likely there's to be a concentrationof the space studIes on b~ard,
so examining some of the fields briefly: ex~-ecol~gy. ~ow

grav1ty

motion, non-terrestrialphysics, neurogeneticengln~erl~g.

Health wholeness holiness: attaining it and keeping It, some ~f

the ne~ermedicin~lstatementshave beenwaitingforsomewherellke
this to display themselves, and from which to fly.
The idea as the project not just an end,.a new place, but as another
link on the roadway. What then is to come next? What first? What
has been encouraging this? . .
The extra-realistartmovement,itsprin~iplesand pr1D~lpal~.
Tributesto thoseliversof thepast who ve sentgoodvlbratlons
into our present sphere. Catacombs and hillsides.
The expositionand superimpositionof ~he ideas0:

nakedness,

nudity, nets of reality, and masturbatlon. TechnIques.
Proposal for direct access networks to stretch across the lan~. .
"Ananimal's or plant's eye view of what we humans have been dlScusslngl
sometimes grave, sometimes humorous.

In closing, I would like to add that all flowingwaters lead to.the ~ea. Thanks
for the initial interest. Direct correspondanceto me at: Kev1n SWltzer,
1534 Ford, Lincoln Park, Michigan 48146.

p.

q.

r.

s.

t.

u.

v.
w.

x.

y.
z.
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Applications
EJt-1 ASSEIIIL Y LAIIIiUA&E

t1.L ~ iMtructtons

11.1. Introduction

'i~st the notation used for t~ operands of the pseudo instructions.
<RUM> = an intege~ constant
<SY8> an identifier
<a~g> <num> or <sym>
<val> <arg>, long constant (ending with L or l), ~eal constant, string

c~nstant (~urrounded by double quotes), p~ocedure numbe~ (starting
w,th S) or ,nstruct,OA label (starting with *).

<...>* zero or more of <...>
<...>+ one o~ more of <...>

An assembly language program consists o~ a series of lines, each contain-
ing 0 or 1 statements. A 'Rachineinstruction may not be labeled. In other
words, the label field on a machine instruction must be left blank. There are
two kinds of labels, instruction and data labels. Labels start in column 1.
Instruction labels are unsigned positive integers, and each must appear alone
on a line by itself. The scope of an instruction label is its procedure.

The pseudoinstructions CON, ROM, and BSS may be labeled with a 1-8 char-
acter data label, the first character of which is a letter, period or under-
score, followed by letters, digits, periods and underscores. Only 1 label per
line is allowed. The use of the character followed by a number (e.g. .40)
is ~ecommended for compiler generated programs, since ~hese are considered as a
special case and handled more efficiently in compact assembly language (see
below).

Four pseudo inst~uctions req~t global data:

BSS <num>
Reserve <num> bytes, not explicitly initialized. <num> must be a

mult,
'
pleof the word size.

"<1. <num>
Idem, but all following absolute ~lobal data
this block. ~ references will ~efer toEach statement may contain an instruction mnemonic or pseudoinstruction.

These must begin in column 2 or later (not column 1) and must be followed by a
space, tab, semicolon or LF. Everything on the line following a semicolon is
taken as a comment.

CON <val>+

Assemble global data words initialized with the <val> constants.

ROM <val>+

Idem, but the initialized data will never be changed.
All constants are decimal unless started with a zero e.g. 0177, in which

case they are octa~. In CONand ROMpseudoinstructions, floating point numbers
are distinguished by thepresenceof a decimalpoint or an exponent (indicated
by E or e), or both. Doubleprecision(long) integers are followed directly by
an L or l. Th~ee pseudo instructionspartition the input into procedures:

Also allowed as initializers in
rounded by double quotes andmay
constant, e.g. CON"hello\012\OOO".
byte. Strings are padded at the end

CONand ROMare strings. Strings are sur-
include \xxx, where xxx is a 3-digit octal
Eachstring element initial hes a single
up to a multiple of the word size. is the procedure name. <num1> is the number

<num2> is 1 for procedu~e names to be exported
o otherwise.

PRO <sym>,<num1>,<num2>

Start of procedure. <sym>
of bytes for arguments.
out of the current module,

Local labels are referred to as *1, *2, etc. in CON and ROM pseudoin-
structions (to distinguish them fro. constants), but without the asterisk in
branch instructions, e.g. BRF 3, not BRF *3.

END
End of Procedure.

The notation Sprocname is used to mean the descripto~ number fo~ the pro-
cedure with the specifieo name.

EOF
End of module.

An input file may contain many procedures. A procedure consists of zero or
more pseudoinstructions, a PRe stat.-ent, a (possibly empty) collection of in-
structions and pseudoinstructions and finally an END statement. The very last
statement on the input file must be EOF. The END di~ectly preceding the EOF
may be omitted.

Besides th~ export flag in PRO, six other pseudo inst~uctions are involved with
separate compilation and linking:

Input to the assemblef is in lower case, if available. Upper case is used
in this document merely to distinguish key words from the su~roundin9 prose.

EXD <sym>

Export data. <sym> is exported out of this module.

I"A <sym>
Ieport address. I"A allows global symbol <sym>to be used before it is

......
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defined. Note that <sym> may be defined in the same module.
12. ASSEJIBLY LAN6UA6E INSTRUCTION UST

For each instruction in the list the range of operand values in the assem-
bly. language is given. These ranges are all sub ranges of -32768..32767 and are
lndlcated by letters:

Ille <sym>
Simil.ar to IMA, but used for imported single word constants. These two
different forms are necessary, because the assembler must know how much
storage must be allocated if <sym> is used in CON or ROM.

FWA<sym>
Forward address. Notify the assembler that <sym> will be defined later
on in this module, so that it may be used before being defined.

m: full range, i.e. -32768..32767
n: 0..32767
x: 0..32766 and even
y: 1 or (2..32766 and even)
z: -32768..32766 and even
p: 2..32766 and even
r: 0, 1 or 2Fwe <sym>

Similar to FWA, but for constants.

to be used before it is
module and must not be ex-
entered in the undefined
will be known outside this
treated differently, how-

The letters should not be confused with the letters used in the
E"-1 in-struction table in appendix 2. Instructions that check for undefined operands

and underflow or overflow are indicated by (*).

FWP <sym>
Forward procedure reference. FWP allows <sym>
defined. <sym> must be defined in the same
ported. Normally, unknown procedure names are
global reference table, so that their names
module. Procedure names introduced by FWP are
ever, to prevent their being exported.

GRWP 1: LOAD

LOC m
LNC m
La.. x
La: x
LOP x
LAly
LOF m
LALx
LAE x
LEX n
LOI y

LOS
LDl x
LDE x
LDF m

Three other .pseudo instructions provide miscellaneous features:

LET <sym> ,<arg>
Assembly time assignment of the second operand to the first one.

Exe <num1>,<num2>
Two blocks of instructions preceding this one are interchanged before be-
ing assembled. <num1> gives the number of lines of the first block.
<num2> gives the number of lines of the second one. Blank and pure com-
ment lines do not count.

liES <num>,<val>*
A special type of comment. Used by compilers to communicate with the op-
timizer, assembler, etc. as follows:

liES 0 -
An error has occurred, stop assembly.

liES 1 -
Suppress optimization

MES 2 -
Use virtual memory (EII-2)

liES 3,<num1>,<num2> -
Indicates that a local variable is never referenced indirectly.
<num1> is offset in bytes from LB. <num2> indicates the class of
the variable.

!'IES 4 -
Number of source lines (for profiler).

PIES 5 -
Floating point used.

!'IES 6,<val>* -
~Comment. Used to provide comments in compact assembly language

(see below).

GRWP 2: ST<~E

STL x
STE x
STP x
SAI y

STF m
STI y

STS
SOL x
SDE x
SDF m

Store
Store
Store
Store
Store
Store- Store- Store
Store- Store

Load
Load
Load
Load
Load
Load
Load
Load
Load
Load
Loaa
Load
Load
Load
Load

constant (i.e. push it onto the stack)
negative constant
local word x
external word x
word pointed to by x-th local
auto increment y bytes (address of pointer on stack)
offsetted. (top of stack + m yield address)
address of local
address of external
lexical. (address of LB n static levels back)
indirect y bytes (address is popped from the stack)
indirect (pop byte count, address; count is 1 or even)
double local (two consecutive locals are stacked)
double external (two consecutive externals are stacked)
double offsetted (top of stack + m yield address)

local
external
into word pointed to by x-th local
auto increment y bytes (address of pointer on stack)
offsetted
indirect y bytes (pop address, then data)
indirect (pop byte count, then address, then data)
double local
double external
double offsetted

GROUP 3: SINGLE PRECISION INTEGER ARITHMETIC

ADO Addition (*)
SUB Subtraction (*)~
MUL Multiplication (*)

......
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GR OUP 13: BRANCH

BRf n Branch forward unconditionall{ n bytes
BRB n Branch backward unconditional y n bytes

BLT n forward branch less (pop 2 words, branch if top> second)
BlE n forward branch less or equal
BEQ n forward branch equal
BNE n forward branch not equal
BGE n forward branch greater or equal C>
BGT n forward branch greater »

'"mZlT n forward branch less than zero (pop 1 word, branch negative) cD
ZlE n forward branch L,ss or equal to zero
ZEQ n forward branch equal zero
ZNE n forward branch not zero

DIV Division (.)

MOD Modulo i.e.remainder (.)

NEG Negate (two's complement)
SHl Shift left (.)
SHR Shift right (.)

XOR P
XOS
CCJI P
COS
ROl
R<R

GROUP 4: DOUBLE PRECISION ARITHMETIC

DAD
DSB
DMU
DOV
DMO

(format not defined) GROUP 10: SETS

Double
Double
Double
Double
Double

add (.)
Subtract (.)
Multiply (.)
Divide (.)
Modulo (.)

INN P
INS
SET p
SES

Boolean exclusive
Boolean exclusive
Complement (one's
Complement; first
Rotate left
Rotate right

or on two groups of p bytes
or; nr of bytes is first popped
complement of top p bytes)
pop number of bytes from stack

from stack

Bit test on p byte set (bit number on top of stack)
Bit test; first pop set size, then bit number
Create singleton p byte set with bit n on (n is top of stack)
Create singleton set; first pop set size, then bit number

GROUP 5: flOATING POINT ARITHMETIC (format not defined)
GROUP 11: ARRAY

fAD
fSB
fMU
fDV
flf
fEf

floating add (.)
floating subtract (.)
floating multiply (.)
floating divide (.)
floating multiply and
Split floating number

lAR
LAS
SAR
SAS
AAR x
AAS

GROUP 6: POINTER ARITHMETIC

split integer and fraction part (.)
in exponent and fraction part (.)

GROUP 12: C<J'IPARE

ADl m
PAD
PSB

Add the constant m to pointer on top of stack
Pointer add; pop integer, then pointer, push sum as pointer
Subtract two pointers (in same fragment) and push diff as integer

CMI
CMO
CMf
CMU p

CMS
CMPGROUP 7: INCREMENT/DECREMENT/ZERO

INC
INl x
INE x
DEC
DEL x
DEE x
ZRl x
ZRE x

Increment top of stack by 1 (*)
Increment local (.)
Increment external (*)
Decrement top of stack by 1 (*)
Decrement local (.)
Decrement external (.)

Zero local
Zero external

TlT
TlE
TEQ
TNE
TGE
TGT

GROUP 8: CONVERT

CID
CDI
Clf
Cfl
CDf
CfD

integer to double (.)
double to integer (.)
integer to floating (.)
floating to integer (.)

double to floating (.)
floating to double (.)

Convert
Convert
Convert
Convert
Convert
Convert

GROUP 9: lOGICAL

ANDP -
ANS
lOR P
105

.Boolean
Boolean
Boolean
Boolean from stack

and on two groups of p bytes
and; num,er of bytes is first popped from
inclusive or on two groups of p bytes
inclusive or; nr of bytes is first popped

stack

load array element
load array element; first pop ptr to descriptor fram stack
Store array element
Store array element; first pop ptr to descriptor from stack
load address of array element
load address; first pop pointer to descriptor from stack

Campare
Compare
Compare
Compare
Compare
Compare

True if
True if
True if
True if
True if

- True if

2 integers. Push negative, zero, positive for <,
2 double integers
2 reals
2 blocks of p bytes each
2 blocks of bytes; pop byte count
2 pointers

or >

f-cD
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f-less, i.e. iff top of stack < 0

less or equal, i.e. iff top of stack <= 0
equal, i.e. iff top of stack = 0
not equal, i.e. iff top of stack non zero
greater or equal, i.e. iff top of stack >= 0
greater, i.e. iff top of stack> 0



For each of the groups of instructions. the basic ones are given:

GRWP 1 : LOC, LAE, LEX, LOS
GROUP 2: STS
GROUP 3: ADO, SUB, MUL, OIV, SHL, SHR
GROUP 4: DAD, OSB, OMU, OOV
GROUP 5: FAD, FSB, FMU, FOV, FlF , FEF
GRWP 6: PAD, PSB
GRWP 7:
GRWP 8: CIO, COI, COF, CFO
GROUP 9: ANS, lOS, XOS, cas, ROL, ROIl
GROUP10: INS, SES
GRWP 11: AAS
GROUP 12: CMI, CMO, CMF, CMS, CMP, TGT, TLT, TEQ
GROUP 13: ORB, ZNE
GROUP14: MRS, CAS, RES
GROUP 15: BES, BLS, CSA, CSB, OUS, EXG, HLT, LOR, MON, NOP, RCS,

RTT, SIG, STR, TRP

Almost all the other instructions can be replaced in the assembly language by a
short equivdlent sequence of simpler instructions. By applying these replace-
ments recursively a sequence of basic iastructions can be found.

GRWP 1:
LNC m LOC -m
LOl x LAL x + LOI 2
LOE x LAE x + LOI 2
LOP x LOl x + LOI 2
LAl y OUP 2 + OUP 2 + LOI 2 + AOI y + EXG + STl 2 + LOI y
LOF m AOI II + LOI 2
LAL x LEX 0 + AOI x
LOl y LOC Y + LOS
LPL x LAL x + Uil 4
LOE x LAE x + LOI 4
LOF m AOI II + LOI 4

GRWP 2:
STL x LAL x + STl 2
STE x WoE x + STl 2
STP x LOl x + STl 2
SAI y OUP 2 + OUP 2 + LOI 2 + ADI y + EXG + "'1 2 + STl y
STF m ADI m + STl 2
STl y LOt y + STS
SOL x LAL x + STl 4
SOE x LAE x + STlt 4
SDF II ADI II + STl 4

ZGE n
ZGT n

Forward branch greater or equal zero
Forwdrd branch greater than zero 13. ICERIEL IIISTRUCTICIIII SET

GRWP 14: PROCEDURE CALL Many of the instructions presented in the previous chapter are replace-
ments for a small sequence of basic instructions. The basic instructions form
less than half of the complete instruction set. Only a few basic instructions
have operands. Most of them fetch their arguments from the stack. Very few
basic instructions are provided to load and store objects.

MRK n
MRS
CAL n
CAS
RET
RES

Mark stack (n = change in static depth of nesting.- 1)
Mark stack; first pop the static link from the stack
Call procedure (with descriptor n)
Call indirect; first pop procedure
Return (function result consists of
Like RET, but size of result on top

number from stack
top x bytes)
of stack

-0}>
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GROUP 15: MiSCELLI\NEOUS

BEG
BES
BLM
BLS
CSA
CSB
OUP P
DUS
EXG
HLT
LINn
LNl
LOR
MON
NOP
RCK
RCS
RTT
SIG

Begin procedure (reserve z bytes for locals)
Like BEG, except first pop z from stack
Block move x bytes; first pop destination addr, then source addr
Block move; like BLM, except first pop x, then addresses
Case jump; address of jump table at top of stack
Table lookup jump; address of jump table at top of stack
Duplicate top p bytes
Like OUP, except first pop p
Exchange top 2 words
Halt the machine ( Exit status on the stack)
Line number (external 0 .- n)
Line number increment
Load register (O=LB, 1=SP, 2=HP)
Monitor call

- No operation
- Range check; descriptor at (external) Xi trap on error

Like RCK, except first pop x from stack
Return from trap
Trap errors to proc nr on top of stack (-2 resets default). Static
link of procedure is below procedure number. Old values returned
Store register (O=LB, 1=SP, 2=HP)
Cause trap to occur (Error number on stack)

......
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GROUP 3:
MUL + SUBMOD DUP 4 + DIV +

NEG LOC 0 + EXG + SUB

GROUP 4:
DMU + DSBDMD DUP 8 + DDV +

GROUP 6:
ADI m LOC m + PAD

GROUP 7:
IN: LOC 1 + ADD
INL x LOL x + INC + STL x
WE x LOE x + INC + STE x
DEC LOC 1 + SUB
DEL x LOL x + DEC + STL x
DEE x LOE x + DEC + STE x
ZRL x LOt 0 + STL x
ZRE x LOt 0 + STE x

GROUP 8:
ClF CID + CDF
cn CFD + CDI

GROUP 9:
AND p LOt P + ANS
lOR p LOC P + 105
XOR p LOt P + XOS
CCJII p LOt P + COS

GROUP 10:
INN p LOC P + INS
SET p LOt P + SES

GROUP 11:
LASLAR x LAE x +

SAR x LAE x + SAS
AAR x LAE x + AAS

GROUP 12:
CMU p LOC p + CMS
TLE TGT + TEQ
TGE TLT + TEQ
TNE TEQ + TEQ

GROUP 13:
BRF n LOt 0 + ZEQ n
BLT n CMI + ZLT n
BLE n CMI + ZLE n
IIEQ n CPIl + ZEQ n
BNE n CMI + ZNE n
BGE n CMI + ZGE n
IIGT n CMI + ZGT n
ZLT n TLT + ZNE
~ZLE n TLE + ZNE n

ZEQ n TEQ + ZNE n
ZGE n TGE + ZNE n
ZGT n TGT + ZNE n

GROUP 14:
MRK n LOC n + MRS

-c
CAL n LOt n + CAS

»en
RET p LOt P + RES

n
»
rGROUP 15:

z
BEG z LOt z + BES

,."
:IE:

BLM P LOC P + ilLS
enDUP p

LOt p
+ DUS

LINn LOt n + STE 0
'!toLNl lNE 0
N
......RCK x LAE x + RCS

LAL x + LAI y Let. x + DUP 2 + ADI y + STL x + LOI yLAE x + LAI y LOE x + DUP 2 + ADI y + STE x + LOI yLAL x + SAI y Let. x + DUP 2 + ADI y + STl x + STl yLAE x + SAI y LOE x + DUP 2 + ADI y
+ STE x + STl y

»
-c:;cThe replacements for LAS and SAS would even be longer,

because the size of rthe object to be loaded or stored must be fetched from the
descriptor. If thesize y is known, then LAS and SAS can be replaced by:

......
cD
:x>......

LAS AAS + LOI y
SAS AAS + STl y

The replacements for LIN and LNI are only equivalent if they precede the
first HOL in that assembly module. The replacements for LAI and SAI are rather
artificial. These instructions are most likely preceded by

a LAL or LAE in-struction. Then they replace the sequence:



const
t13 8192; {

2**13
}

t14 16384; {
2**14

}
t15 32768; {

2**15
}

t15m1 32767; {
2**15 -1

}
t16 =65536; {

2**16
}

t16m1 =65535;
{
2**16 -1

}
t31m1 2147483647; {

2**31 -1
}

maxcode =8191; {
highest byte in code address space }

maxdata =8191; {
highest byte in data address space }

{ mark block format }

statd 6'
{
how far is static link from lb },

dynd 4"
{
how far is dynamic link froa lb },

reta 2-
{
how far is the return address from lb },

mrksize 6; {
size of mark block in bytes}

{ error codes }

ESTACK O. EHEAP 1. EIlUNS 2; EODDZ 3'
, ,

ECASE 4; ESET 5' EARRAY
,

6; ERANGE 7'EIOVFL
, ,

8; EDOVFL 9' EFOVFl 10;EFUNFl 11;,
EIDIVZ 12; EFDIVZ 13;EIUND 14;EDUND 15;
EFUND 16; ECn 17;ECFD 18; ECDI 19;
EFPP 20; EUN 21; E"ON 22; ECAl 23;
ELAE 24; EMEMFlT 25; EPTR 26;EPROC 27;
EPC 28;

APPENDIX 1. OfFICIAL ER-1 MCHIE DEFINITIC»I.

{This is an interpreter for E"-1. It serves as the official machine
definition. This interpreter must run on a machine which suppOrts 32
bit arithmetic.

Certain aspects of the definition are over specified. In particular:

1. The representationof an address on the stack need not be the
numerical value of the memory location,

2. The state of the stack is not defined after a trap has aborted
an instruction in the middle. For example, it is officially un-
defined whether the second operand of an ADD instruction has
been popped or not if the first one is undefined (-32768).

3. The memory layout is implementationdependent. Only the most
basic checks are performed whenever memory is accessed.

4. The format of the mark block is implementationdependent.

5. The format of the procedure descriptors is implementation
dependent.

6. The result of the compare operators C"I etc. are -1, 0 and 1

here, but other negative and positive values will do and they
need not be the same each time.

7. The shift count for SHl, SHR, ROl and ROR must be in the range 0

to 15. The effect of a count greater than 15 or less than 0 is

undefi ned.

program em1(tables,prog,output);

label 9999;

{ procedure descriptor forrut }
pdargs =0; { offset for the number of argument bytes }
pdbase =2; { offset for the procedure base }
pdsize 4; { size of procedure descriptor in bytes}

}

dsize 4;
rsize =4;
{ header words }
NTEXT 1;
NDATA 2;
NPROC 3;
ENTRY 4;
NLINE 5;

{ size of double precision integers}
{ size of reals }

escape
undef

0;
-32768;

{ escape to secondary opcodes }
{ the range of integers is -32767 to +32767 }

">m
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mnem = ( NON,
AAR, AAS, ADO, ADI,XAND, ANS, BEG, DEQ, BES, BGE,
BGT, BLE, BLM, BLS, BLT, BNE, BRB, BRF, CAL, CAS,
CDF, CDI, CFD, CFI, CID, CIF, CMD, CMF, CMI, CMP,
CMS, CMU, C<JII, COS, CSA, CSB, DAD, DDV, DEC, DEE,
DEL,XDIV, DMD, DMU, DSB, DUP, DUS, EXG, FAD, FDV,
FEF, FIF, FMU, FSB, HLT, INC, INE, IN.., INN, INS,
lOR, lOS, LAB, LAE, LAI, LAL, LAR, LAS, LDE, LDF,
LDL, LEX, LIN, LNC, LNI, LOC, LOE, LOF, LOI, La..,
LOP, La!, LOS, LSA,XMOO, MaN, MRK, MRS, MRX, MUL,
MXS, NEG, NOP, NUL, PAD, PSB, RCK, RCS, RES, RET,
ROl, ROR, RTT, SAI, SAR, SAS, SDE, SDF, SOL, SES,

XSET, SHL, SHR, SIG, STE, STF, ST!, STL, STP, STR,
STS, SUB, TEQ, TGE, TGT, TLE, TLT, THE, TRP, Xa!-
XOS, ZEQ, ZGE, ZGT, ZLE, ZLT, ZNE, ZRE, ZRL>;

dispatch record
iflag: ifset;
i nst r: mnem;
impl icit: word

enu;

{ }
{

Declarations }
{ }

;nsr: IInell;
normalmap: boolean;
halted: boolean;
exitstatus:word;
uerrorlb:adr;
uerrorproc :adr;
header: array(1..8J

{ holds the instructionnumber }
{ true except when in alternate context}
{ normally false. set to true by halt instruction}
{ parameter of HLT }
{ static link of error procedure}
{ number of user defined error procedure}

of adr;

type
bitval= 0..1; { one bit}
bitnr= 0..15; { bits in machine words are numbered 0 to 15 }
byte= 0..255; { memory is an array of bytes}
offset= 0..t15m1; { positive integers are offsets}
adr= 0..t16m1; { a machine word int~rpreted as an address}
word= -t15..t15m1; {a machine word interpreted as a signed integer}
full= -t16m1..t16m1; { intermediate results need this range}
double=-t31m1..t31m1; { double precision range}
bftype= (andf,iorf,xorf); { tells which boolean operator needed}
iflags= (mini,short,xbit,Ybit,zbit);
ifset= set of iflags;

tables: text;
prog: file of byte;

{ description of EM-1 instructions }
{ program and initialized data}

{ }
{

Various check routines
}

{ }

{ Only the most basic checks are performed. These routines are inherently
implementation dependent. }

procedure trap(n:byte); forward;

procedure oddchkadr(a:adr);
begin if (a>maxdata) or «a>sp) and (a<hp» then trap(EPTR) end;

procedure chkadr(a:adr);
begin if odd(a) then trap(EPTR); oddchkadr(a) end;

procedure newpc(a:adr);
begin if (a<O) or (a>pd) then trap(EPC); pc:=a end;

procedure newsp(a:adr);
begin if (a<lb-2) or (a>=hp) or odd(a) then trap(ESTACK); sp:=a end;

procedure newlb(a:adr);
begin if (a>sp+2) or odd (a) then trap(ESTACK); lb:=a end;

procedure newhp(a:adr);
begin if (a<=sp) or (a>maxdata+1) or odd (a) then trap(EHEAP); hp:=a end;

var
coue: packed array(O..maxcodeJ of byte; { code space}
data: packed array(O..maxdataJ of byte; { data space}
pc,lb,sp,hp,pd: adr; {internal machine registers}
i: integer; { integer scratch variable}
s,t,k: word; { scratch variables}
j:offset; { scratch variable used
a,b:adr; { scratch variable used
dt,ds:double; { scratch variables for
rt,rs,x,y:real; { scratch variables for
found:boolean; { scratch }
opcode: byte; { holds the opcode during execution}
escaped: boolean; { true for escaped ope odes }
cutoff: byte; { ~code of first call in alternate
dispat: array(boolean,byteJ of dispatch;

function argi(w:word):word;
begin if w = undef then trap(EIUND); argi:=w end;

function argn(w:word):word;
begin if w<O then trap(EILLINS); argn:=w end;

as index }
for addresses }
double precision}
real }

function argx(w:word):word;
begin if (w<O) or (w>=t15) or odd(w) then trap(EILLINS); argx:=w end;

function argp(w:word):word;
begin if odd(w) or (w<=O) or (w>=t15) then trap(EILLINS); argp:=w end;

function argy(w:word):word;context }

.......
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var b;adr;
bllQin

if odd(g) or (a>maxcode) thlln trap(EPTR);
b;acodeCa+1J; me.i;~256*b + codeCaJ

end;

function aryz(w;woro);word;
bllgin if Odd(w) or (w<-t15) or (w>at15) then trap(EILLINS); argz:aw IInd;

function chkovf(z;double);wprd;
begin if abs(z) >a t15 thlln trap(EIOVFL); chkovf:~z end;

function nextpc:byte;
begin nextpc;-cOdIlCpcJ; newpc(pc+1) end;

procedure lino(w:word);
begin if (w<O) or (w>hlladerCNLIHEJ) then trap(ELIN); store(O,w) IInd;

{ }
{ Memory access rout i nlls }
{ } { }

{
Stack Manipulation Routines

}

{ }{ memw returns a mgchine word as a signlld intllg,r; -32768 (- memw<- +32767
mllma returns a machine word as an address ; 0 (a mesa <a 65535
memb rllturns a singlll byte as a positive integer; 0 <a memb(a 255
store(a,v) stores the word or address v at machine address a
storllb(a,b) stores the bytll b at machinll address a

{ push puts a word or address on the stack
papw removlls a machine word from the stack and delivers it as a word
popa removes a machinll word from the stack and delivers it as an addrllss
pushd pushes a double precision number on the stack
papd resoves 2 machine words and returns a double precision integer
pushr pushes a real (floating point) number onto th. stack
popr removes 2 machine words and returns a r.al numb.r
pushx puts an object of arbitrary size on the stack
popx removes an object of arbitrary size

memi returns a word from the instruction spac,; 0 <- memi <a 65535
Notll that the Proclldure oescriptors arll Part of instruction sPace.

nextpc returns the next byte addr,ssed by pc, incr.mllnting pc

lino changes the line number word.

All routines check to make sure the address is within range. The word
routines also check to see that the addrllSS is even. If an addressing
IIrror is found, a trap occurs. } procedure Push(x;full);

bllgin nllwsp(sp+2); store(sp,x) end;

function mllma(a;adr);adr;
var b;adr;
begin chkadr(a); b:adataCa+1J; mllma;=256*b + dataCaJ IInd;

function popw;word;
begin POpw;amemw(sp); newsp(sp-2) end;

function papa:adr;
begin popa;~mema(sp); newsp(sp-2) end;

procedurll pushd(y;double);
begin { push double integer onto the stack} newsp(sp+dsize) end;

function memw(a;a~,);word;
var b;adr;
begin b:amema(a);i t b>at15 then memw;ab-t16 flu memw:><bend;

function memb(a:adr);byt.;
b.gin oodchkadr(a); mtmb;adataCaJ IInd; function papd:double;

begin { pop double inttger from the stack} newsp(sp-dsize); popd:-O end;

proctQure stor.(a:adr; x:full);
btgin chkadr(a);

if x < 0 thtn x :a x+t16; { tquivallint value, but positive}
dataCaJ ;a x mod 256; dataCa+1J ;a x oiv 256

e~;

procedure pushr(~;real);
beyin < Push a real onto tht stack} newsp(sp+rsize) end;

function papr:r.al;
begin { pop real from th. stack} newsp(sp-rSiZt); popr:-O.O end;

procedure storeb(a:adr; b:byt~);
begin oddchkadr(a); data(aJ:ab end;

procedur. pushx(si~.;off~et; a:adr);
var i:integer;
begin

funct ion m,mi (a:adr) :adr;

}
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if si ze=1
then push(meeb(a»
else if odd(size) or (size<=O)

then trap(EQDPZ)
else for i:=1 to size div Z do push(8e8w(a~Z+Z*i»

end;

procedure popx(si~:offset; a:.or);
var i: integer;
begin

if size=1
then begin storeb(a,me~(sp»; newSP(SP~Z) end
else if odd(size) or (size<=O)

then trap(EODPZ)
else for i:=1 to Size div 2 do store(a+size-2*i,popW)

end;

{ ~~~~-~ ~-~~~~~~~~~~~~~~~~-~~~~--~~~~~~-~--~~--~~-~}

{
Bit manipulation routines (extract, shift, rotate)

}

{--~~---~~~~ ~-~ ~-~ ~ ~ ~~~~~~~~~--~-~~}

procedure sleft(var w:word); {1 bit left shift }
begin if abs(w) >= t14 then trap(EIOVFL) else w := 2*w end;

procedure sright(var w:word); {1 bit right shift with sign extension}
begin if w >= 0 then w ;= w 4iv Z else w := (w~1) div 2 end;

prQcedure rleft(var w!word); {1 bit left rotate}
begin if w >= 0

then if w < t14 then w:= 2*w else W:" Z*w-t16
else if w >= ~t14 then w != 2*w+1 else w:= 2*w+t16+1

procedure rright(var W!word); {1 bit right rotate}
begin if odd(w)

then if w<o then w:=Cw-1) div 2 else w := w div 2 ~ t15
elSe if w<O then w:=Cw+t16) div 2 elSe w:= w div 2

function bitCb:bitnr; w:word>:bitvil; { return bit b of the word w }
var ;:bitnr;
begin for i:= 1 to b do rrightCw); bit !"Ord(odd(w» end;

{ return boolean fen of 2 words }function bf(tY:bftype; w1,w2:word):word;
var i:bitnr; jladr;
begin j:=O;

for i:=
begin

15 downto 0 do
j

I"
2.j;

case ty of .
andf: if bi<t(i,w1)+bitCi,wZ)
iorf: if bit(i,w1)+bit(i,wZ)

2 then j:"j+1;
> 0 then j:=;+1;

--

I

xorf: if bit(i,w1)+bit(i,wZ) = 1 then j:=j+1
end

end;
if'j <= t1581 then bf:=j else bf:= j - t16

end;

{-~ ~ ~---~~~~~~-~~---~-~~~-~~~~-~~-~~~~~~-~~~~~-~ ~ ~~~~~--}
{ Array indexing
{ ~---~~ ~ ~~ ~~~~~~---~~~~~---~---~~~~~~ ~---}

function arraycalc(c:adr):adr; { subscript calculation}
Vir j:word; size:offset; a:adr;
begin j:= popw - ..mw(c);

if (j<O) or (j>aemw(c+Z» then trap(EARRAY);
size := ..mw(c+4);
if (size<O) or «size>1) and odd(size» then trap(EODDZ);
a := j*size+popa;
irraycalc :".

end;

{ ~---~ ~~~ ~~~~~--~-~-~ ~ ~---~~ }
{ Pouble and Real Arithntic }
{ ~-~ ~-~~-~ ~~---~---~ ~ ~~-~~ ~ }

{ ALL routines for doubles and reaLs are dWl8Y routines, since the formet of
uoubles end reals is not defined in EN-1.

}

function dodad(ds,dt:double):double;
begin { add two doubles } dodad:=O end;

function dodsbCds,dt:double):double;
begin { subtract two doubles} dodsb:=O end;

function dodml(ds,dt:double):double;
begin { multiply two doubles} dodml:=O end;

function doddv(ds,dt:double):double;
begin { divide two doubles} doddv:=O end;

function dodmd(ds,dt:double):doubLe;
begin { 8Odulo of two doubles} do48d:=O end;

function uofad(x,y:real):real;
begin { add two reaLs } dofad:=O.O end;

function dofsb(x,y:real):real;
beyin { subtract two reals } dofsb:=O.O end;

function dofmu(x,y:real):teal;
begin { multipLy two reals } dofmu:=o.O end;

.....
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function dofdv(x,y:real):real;

begin { divide two reals } dofdv:=O.O end;

procedure dofif(x,y:real;varintpart,fraction:real);
begin { dismember x*y into integer and fractionalparts}
intpart:=O.O; {integer part of x*y }
fraction:=O.O;{ fractionalpart of x*y }

eno;

procedure Jofef(x:real;var mantissa:real;var.exponent:integer);
begin { dismember x into mantissa and exponent parts}

mantissa:=O.O; {mantissa of x }

exponent:=O; { exponent of x }
end;

I

{ }
{ Trap }
{ }

procedure trap;
{ This routine is invoked for overflow, and other run ti.e errors.

For non-fatal errors, trap returns to the calling routine
}

begin
if uerrorlb=O then
begin
writeln('error ., n:1, ,

occurred without being caught');
goto 9999

end;
{ Deposit all interpreter variables that need to be saved on

the stack. This includes normalmap, all scratch variables that can
be in use at the mo.ent and ( not possible in this interpreter)
the internal address of the interpreterwhere the error occurred.
This will .ake it possible to execute an RTT instruction totally
transparent to the user progra..
It can, for example, occur within an AOD instruction that both
operands are undefined and that the result overflows.
Although this will generate 3 error traps it .ust be possible
to ignore them all.

For simplicity just the nor.al.ap flag will be stacked here}

push(ord(nor.almap»;
{ Now simulate the effect of an "RS instruction}
push(uerrorlb); { pushstaticlink}
push(lb); { pushdyna.iclink}
push(pc); { push return address}
push(n); { push error nu.ber }
{ Now simulate the effect of a CAS instruction}
newlb(sp);newpc(me8i(pd+pdsize*uerrorproc+pdbase»;
if n in [ESTACK,EHEAP,EILLINS,EOODZ,ECASE,ECAL,ENE"FLT,EPTR,

EPROC,EPCJ
then goto 9999;

end;

procedure dortt;
var s:adri
begin
newpc(mema(lb-reta»; s:=lb-.rksize-2;newlb(.e.a(lb-dynd»; newsp(s);
{ So far this was a plain ret 0 }

normallRap := popw = 1;
end;

r,
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{ }
{ lnitializationand debugging }
{ }

procedure initialize; {start the ball rolling}
{ This is not part of the official 8achine definition}
canst tab = I .;

var b:boolean;
cset:set of char;
f:ifset;
nmini,mbase,nshort,sbase,obase,i,j,n:integer;
c:char;

function readword:word;
var b1,b2:byte; a:adr;
begin read(prog,b1,b2);a:=b2; a:=b1+256*a;

if a>=t15 then readword:=a-t16else readword:=a
end;

function readdouble:double;
var a,b:adr;
begin a:=readword; b:=readword;

{ construct double out of a and b } readdouble:=O
end;

function readreal:real;

var b:byte; i:integer;
s:array[1..100J of char;

begin i:=0;
repeat

read(prog,b); i:=i+1; s[iJ:=chr(b)

unt it b=O;

if odd(i) then read(prog,b); {skip padding byte}
{ construct real out of character string s } readreal:=O.O

end;

begin
normalmap:=true;
halted:=false;
exitstatus :=-1;
uerrorlb:=O;
uerrorproc:=O;

{ initialize tables}
for i:=O to maxcode do code[iJ:=O;
for i:=O to maxdata do data[iJ:=O;
for b:=false to true do

for i:=O to 255 do
with dispat[bJCiJ do
begin instr:=NON; iflag:=[zbitJend;

{ read instruction table file. see appendix
reset(tables); insr:=NONi
repeat readln(tables) until eoln(tables);
repeat readln(tables) until eoln(tables);

2 }

{ skip until empty line}
{ skipuntile.ptyline}

t
54

readln(tables); { skip e.pty line}
repeat
insr:=succ(insr);cset:=[J; f:=[J;
read(tables,c,c,c,c);
while (c=' ') or (c=tab) do read(tables,c);
repeat
cset:=cset+[cJ;
read(tables,C>

until (c=' ') or (c=tab).
readln(tables,n.ini,.bas~,nshort,sbase,Dbase);
if 'x' in cset then f:=f+[xbitJ;
if 'y' in cset then f:=f+[ybitJ;
if 'z' in cset then
with dispat['s' in csetJ[obaseJdo
begin iflag:=f+[zbitJ;instr:=insr end

else
begin
with dispat['l' in csetJ[obaseJdo
begin iflag:=f; instr:=insr end;

for i:=O to nshort-1 do

with dispat['s' in csetJ[sbase+iJdo
begin iflag:=f+[shortJiinstr:=insri i.plicit:=256*iend;

if insr=CAL then cutoff:=8baseelse
for i:=O to nmini-1 do
with dispat[falseJ[mbase+iJdo
begin iflag:=f+[8iniJiinstr:=insri
i.plicit:=i+ord('o'in cset)

end;
end;

until eoln(tables);

{ read in program text, data and procedure descriptors }
reset<prog) i
for i:=1 to 8 do n:=readwordi {skip first header}
for i:=1 to 8 do header[iJ:=readwordi {read second header

lb:=Oi hp:=maxdata+1; sp:=O; lino(O);
{ read program text }

for i:=1 to header[NTEXTJ do read(prog, code[i-1J);
{ read data blocks }

for i:=2 to readword dO push(undef)i {ASS block}
for i:=2 to header[NDATAJ do

begin n:=readwordi

if n>=O then

for j:=1 to n do push(undef)

else
begin j:=(n+t15) div t13i n:=(n+t15) mod t13;

case j of
0, { words }

1: { pointers}

for j:=1 to n do push(readword);

2: { double integers}
for j:=1 to n do pushd(readdouble);

3: { reals as character strings}
for j:=1 to e do pushr(readreal);

end



end
end;

{ read descriptortable }
pd:=header[NTEXTJ;
for i:=1 to header[NPROCJ*pdsize do read(prog,code[pd+i-1J);
{ call the entry point routine}
push(maxdata); {illegal static link}
push(maxdata); {illegal dynamic link}
push(maxcode); {illegal return address}
newlb(sp+2);
newpc(memi(pd + pdsize*header[ENTRYJ + pdbase»;

end;

{--~ }
{

MAIN LOOP Of THE INTERPRETER
}

{ ~ }

{ It should be noted that the interpreter (microprogram) for an EM-1
Machine can be written in two fundamentally different ways: (1) the
instruction operands are fetched in the main loop, or (2) the in-
struction operands are fetched after the 256 way branch, by the exe-
cution routines themselves. In this interpreter, method (1) is used
to simplify the description of executiQn routines. The'dispatch
table dispat is used to determine how the operand is encoded. There
are4 possibilities:

o. There is no operand
,. The operand and instruction are
2. The operand is one byte long and
3. The operand is two bytes long and

together in 1 byte (mini)
follows the opcede byte(s)
follows the opcode byte(s)

In this interpreter, the main loop determines the operand type,
fetches it, and leaves it in the global variable k for the execution
routines to use. Consequently, instructions such as LOL, which use
three different formats, need only be described once in the bOdy of
the interpreter.

However, for a production interpreter, or a hardware EM-1
machine, it is probably better to use Method (2), i.e. to let the
execution routines themselves fetch their own operands. The reason
for this is that each opcode uniquelY determines the operand format,
so no table lookup in the dispatch table is needed. The whole table
is not needed. Method (2) therefore executes Much faster.

However, separate execution routines will be needed for LOLwith
a one byte offset, and LOL with a two byte offset. It is to avoid
this additional clutter that Method (1) is used here. In a produc-
tion interpreter, it is envisioned that the Main loop will fetch the
next instruction byte, and use it as an index into a 256 word table
to find the address of the interpreter routine to jump to. The
routine JUMped to will begin by fetching its operand, if any,
without any table lookup, since it knows which forMat to expect.
After doing the work, it returns to the main loop by jU8Ping in-
directly to a register that contains the address of the main loop.
When the alternate context is entered (after the MRX or MXS in-
structions), this register is reloaded so that an alternate main
loop is used, with an alternate branch table. A slight variation on
this idea is to have the register contain the address of the branch
table, rather than the address of the main loop.

Another issue is whether the execution routines for LOL 0, LOL
2, LOL 4, etc. should all have distinct execution routines. Doing
so provides for the maximum speed, since the operand is iMPlicit in
the routine itself. The disadvantage is that manynearly identical
execution routines will then be needed. Another way of doing it is
to keep the instruction byte fetched fr08 memory (LOL0, LOL 2, LOL
4, etc.)in some register, and have all the LOL mini format instruc-
tions branch to a common routine. This routine can then determine
the operand by subtracting the code for LOL0 from the register,
leaving the true operand ~ the reyister (as a word quantity of
course). This method makes the interpreter SMaller, but is a bit
slower.

r-,
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To .ake thi. i8PQrtant point a little clearer, con.ider how a
production interpret.r for the PDP-11 .ight appear. Let us aSIU8e the
following.opcode.have been assigned:

Further aSSU8e that each of the 6 opcodes will have its own e.ecution

routine, i.e. we are .aking a tradeoff in favor of fast execution and
a slightly larger interpreter.

Register rS il the e.1 progr.. counter.
Regilter r4 is the e.1 L8 register

Register r3 is the e.1 SP register (the stack grows tow.rd high core)

Register r2 cont.ins the interpreter .ddres. of the ..in lOOp

The..in loop looks like this:

30: LGL 0
31: LII. 2
32: LGL 4

33: LOL 6
34: LOL b
3S: LOL w

MOvb (rS)+,rO
asl rO
jllP *table(rO)

{ }
{

"ain Loop }
{ }

(2 bytes, i.e. next word)

begin initiatite;
repeat
opcode := nextpc; { fetch the first byte of the instruction }
if nor.al.ap or (opcode<cutoff) then

begin escaped:=oPcode=escape;

if escaped then opcode :* nextpc;
with dispat[escap.d][opcode) do

begin insr:=instr;
if not (zbit in ifleg) then

begin

if .ini in iflag then k:-i.plicit else
if short in iflay then k:=i.plicit+n.xtpc else
begin k:=nextpc; if k>=128 then k:*k-2'6;

k:*2S6*k + nextpc

:z:,.,.,

:E:
en

(for.at with a one byte offset)
(for..t with a one word,'i.e. two byte offset)

Ifetch the opcode into rO and incr..ent r5
Ishift rO left 1 bit. How: -2'6<*rO<=+2S4
IjUMP to execution routine

end;
if xbit in iflag then k:=k*2 els.
if ybit in ifleg then
if k=O then k:=1 else k:*k*2

end
end

Hotice that no operand fetching has been done. The execution routines for
the 6 saMple instructionsgiven above .ight be .s follows:

end
else
begin insr:=CAL; k:=opcodt-cutoffend;

The i.portant thing to notice is where and how the operand fetch occurred:
lolO, lol2, lol4, and. lol6, (the .ini's) h.ve illPl icit operands

lolb knew it had to ~tch one byte, and did 10 without any table lookup
lolw knew it had to fetch a word, and did so, high order byte first}

lolO: 80V (r4),(sp)+
j8P (r2)

lol2: MOV 2(r4),(sp)+

j.P (r2)
lol4: .ov 4(r4),(sp)+

j.p (r.D
lol6: .ov 6(r4),(sp)+

jlllP (rZ)

lolb: elr rO
bisb (rS)+,rO
esl rO
add r4,rO
IIIOv (rO),(Sp)+

jlllP (r2)

lolw: clr rO
bisb (rS>+,rO
swab rD
bisb (rS>+,rO
all rO
add r4,rO
MaV(rO),(sp)+
j.p (r2)

Ipush loc.l 0 onto Itack
19o back to .kin loop

IpuSh local 2 onto st.ck
Igo back to ..in loop
IpuSh local 4 onto st.ck
Igo b.ck to ..in loop
lpush loc.l.6 onto St.ck
Igo b.ck to .ain loop
Iprep.re to fetch the 1 byte ~perand
loper.nd is now in rO
IrO is now offset frOM L8 in bytes, not words
IrO is now addre.s of the needed loc.l
IpuSh the local onto the Itack

{ }
{

Routines for the individu.l instructions
}

( )
......
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case insr of

NON: tr.p(EILLINS);

{
LUID GRWP

}

LOC: puSh(k);
LNC: puSh (-k);
LOL: push(.eMw(lb+argx(k»);
LOE: push(.e.w(.rgx(k»);
LOP: puSh(."w(Me8a(lb+arg.(k»»;
LAl: begin k:=argy(k); .:=POP.;b: (.);store(a,b+k); pUlhx(k,b) end;
LOF: push(MeMw(popa+k»;
LAL: push(lb+arg.(k»;
LAE: push(.rgx(k»;
LEX: begin a:*lb; for j:-1 to argn(k) do .:- ...a(a-st.td); push(.) end;
LOl: pushx(argy(k),popa);
LOS: begin k:=pop.; pushx(argy(k),popa) end;
LDL: begin k:-argx(k); ~sh(.eMw(lb+k»; push(8f.w(lb+k+2» end;
LDE: begin k:*.rgx(k); push(.aMw(k»; pUSh(..MW(k+2» end;
LDF: begin a:-popa; push(.e.w(a+k»; push(.eMw(a+k+2» end;

......

<.D

Iprepare to fetch the 2 byte operand
Ifetch high order byte first !!!
linsert high order byte in place
linlert low order byte in pl.ce
Iconv.rt offset to byt.s, fr08 worde
IrO is now address of needed loc.l
Istack the loc.l
Idone

-c»G>
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{ STORE GROUP }.
STl: storeClb+argxCk),popw);
STE: sto~eCargxCk),popw);
STP: storeCMeMaClb+argxCk»,popw);
SA1: begin k:=argyCk); a:=popa; b:=aeMaCa); storeCa,b+k);popxCk,b) end;
STf: begin a:=popa; storeCa+k,popw)end;
STI: popxCargyCk),popa);

ST5: begin k:=popa; popxCargyCk),popa) end;

SOL: begin k:=argxCk); storeClb+k+2,popw);.storeClb+k,pop~),end;
SDE: begin k:=argxCk); storeCk+2,poPw);storeCk,popw)end,.
SDf: begin a:=popa; storeCa+2+k,popw);storeCa+k,popw)end,

{
INCRE"ENT/DECRE"ENT/ZERO}

INC: PuShCchkovfCargiCpopw)+1»;
INl: begin k:=argxCk);

t:=argiCaeawC(b+k»i storeClb+k,chkovfCt+1» end;lNE: begin k:=argxCk); t:=argiCaeawCk»i storeCk,chkovfCt+1» endiDEC: PushCchkovfCargiCpopw)_1»;
DEL: begin k:=argxCk);

t:=argiCaeawClb+k»; storeClb+k~chkovfCt-1» endiDEE: begin k:=argxCk); t:=argiCaeMwCk»;
storeCk,chkovfCt-1» end;ZRl: storeClb+argxCk),O);

ZRE: storeCargxCk),O);

end;
end;
end;

{
CONVERT GR OUP }

CID: pushdCpopw);
CDI: begin dt:=poPd; if absCdt)

> t'S., then trapCECOI) else pushCdt) end;Clf: pushrCpopw);
CfI: begin rt:=popri

if absCrt»t1Sa1-0.S then trapCECfI) else pushCroundCrt»
end;

CDf: begin dt:=popd; pushrCdt) end;
CfD: begin rt:=popr; if absCrt)

> t31a1-0.S then trapCECfO) ;pushdC roundCrt) )
endi

{ SINGLE PRECISION ARITH"ETIC }

ADD: begin t:=argiCpopw); s:= argiCpopw); pushCchkovfCs+t»
SUB: begin t:=argiCpopw); s:= arg~Cpopw); pushCchkovfCs-t»

"Ul: begin t:=argiCpopw); s:= arglCpoPw); pushCchkovfCs*t»

XDIV: begin t:= argiCpopw)i s:= argiCpopW)i .if t=O then trapCEIDIVZ) else pushCs dlV t)

end;

X"OD: begin t:= argiCpopw); s:=argiCpopw);
if t=O then trapCEIDIVZ) else pushCs - Cs div t)*t)

end;
NEG: begin t:=argiCpopw); pushC-t) endi
SHl: begin t:=argiCpopw); s:=argiCpopw);

for i:= 1 to t do sleftCs)i pushCs)
end;

SHR: begin t:=argiCpopw); s:=argiCpopw);
for i:= 1 to t do srightCs); pushCs)

end;

{
lOGICAL GROUP}

XAND ,ANS :
begin if insr=ANS then k:=popw; k:=argpCk)i

for j:= 1 to k div 2 do

begin t:=popw; a:=sp-k+2; storeCa,bfCandf,...wCa),t»
endiend;

IOR,IOS:
begin if insr=IOS then k:=popw; k:=argpCk)i

for j:= 1 to k div 2 do

begin t:=POPWi a:=sp-k+2i storeCa,bf1iorf,...wCa),t»
endiend;

XOR,XOS:
begin if insr=XOS then k:=poPWi k:=argpCk)i

for j:= 1 to k div 2 do

begin t:=POPWi a:=sp-k+2i storeCa,bfCxorf,...wCa),t»
endiend;

CCJII,COS:
begin if insr=cos then k:=popw; k:=argpCk);

for j:= 1 to k div 2 do

begin storeCsp-k+2*j,bfCxorf,...wCsp-k+2*j),-1» endend;
ROl: begin t:=pOpw; s:=popw; for i:= 1 to t do rleftCs); pushCs) end;
ROR: begin t:=popw; s:=poPWi for i:= 1 to t do rrightCs);pushCs) end;

{ DOUBLE PRECISION ARITH"ETIC }

DAD: begin dt:=popd; ds:=popd; pushdCdodadCds,dt»
DSB: begin dt:=popd; ds:=popd; pushdCdodsbCds,dt»

D"U: begin dt:=popd; ds:=popd; pushdCdod8dCds,dt»
DDV: begin dt:=popd; dS:=popd; pushdCdoddvCds,dt»
~D: begin dt:=popd; ds:=pOpd; pushdCdod8dCds,dt»

end;
end;
end;
end;
end;

{ flOATING POINT ARIT~ETIC }
fAD: begin rt:=popr; rs:=popr; pushrCdofadCrs,rt» end;
fSB: begin rt:=popr; rs:=popr; pushrCdofsbCrs,rt» end;
f"U: begin rt:=popr; rs:=popr; pushrCdof.uCrs,rt» end;
fDV: begin rt:=popr; rs:=popri pushrCdofdvCrs,rt» end;.

.flf: begin rt:=popri rs:apopri dofifCrt,rs,x,y)ipu~hrCY)~ pushr( )
fEf: begin rt:=popr; dofef(rt,x,i);pushrCx)i PUSh(l) end,

{
SET GROUP}

INN,INS :
begin if insr=INS then k:=poPWi k:=argpCk)i

t:=popw; if t<O then trapCESET)i

i:= t aod 16i t:=.t div 16i if
2*t>=k then trapCESET>i

s:=..awCsp-k+2+2*t)i newsp(sp-k)i push(bit(i,s»;

{ POINTER ARIT~ETIC }

ADI: pushCpopa+k);
PAD: begin t:=poPWi
PSB: begin a:=popai

pushCpopa+t) endi

b:=pofai pushCchkovfCb-a» endi

......
<D
DO
......
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{ BRANCH GRWP }

BRF: newpc(pc+argn(k»;
BRB: newpc(pc-argn(k»;

BlT: begin t:=popw; if popw < t then newpc(pc+argn(k» end;
BlE: beyin t:=popw; if popw <= t then ne~pc(pc+argn(k» end;
BEQ: begin t:=popw; if popw t then newpc(pc+argn(k» end;
BNE: begin t:=popw; if popw <> t then newpc(pc+argn(k» end;
BGE: begin t:=popw; if popw >= t then newpc(pc+argn(k» end;
BGT: begin t:=popw; if popw > t then newpc(pc+argn(k» end;

ZlT: if popw < 0 then newpc(pc+argn(k»;
ZlE: if popw <= 0 then newpc(pc+argn(k»;
ZEQ: if popw 0 then newpc(pc+argn(k»;
ZNE: if popw <> 0 then newpc(pc+argn(k»;
ZGE: if popw >= 0 then newpc(pc+argn(k»;
ZGT: if popw > 0 then newpc(pc+argn(k»;

TlT: if popw < 0 then push(1) else push(O);

TlE: if popw <= 0 then push(1) else push(O);

TEQ: if popw 0 then p~h(1 ) else push(O);

THE: if popw <> 0 then push(1) else push(O);
TGE: if popw >= 0 then push(1) else push (0);

TGT: if popw > 0 then push(1) e~se push(O);
end;

XSET,SES:
begiIT if insr=SES then k:=popw; k:=argp(k);

t:=popw; if t<O then trap(ESET);

i:= t mod 16; t:= t div 16; if 2*t>=k then trap(ESET)
for j:= 1 to t do push(O);
s:=1; for j:= 1 to i do rleft(s); pushes);
for j := 1 to k di v 2-t-1 do push

(0)

end;

{ ARRAY GRWP }

lAR,LAS:
begin if insr=LAS then k:=popa; k:=argx(k);
pushx(memw(k+4),arraycalc(k»

end;
SAR,SAS:

begin if insr=SAS then k:=popa; k:=argx(k);
popx(memw(k+4),arraycalc(k»

end;
AAR,AAS:

begin if insr=AAS then k:=popa; k:=argx(k);
push(arraycalc(k»

end;

{
PROCEDURE CAll GRWP }

{ There are four ways to mark the stack. The change in static depth can
be given as an immediate operand or the new static link can be provided
on the stack. Also, the instructionmay switch into alternate context,
or not. Only two of these have mnemonics, i.e. can be used by the prog-

rammer. These mnemonics are MRK and MRS, corresponding to the immediate

and stacked forms respectively.The decision about using alternate con-
text is made by the assembler. The four cases are:

MRK: immediate, normal context
MRX: immediate, alternate context
MRS: stacked, normal context
MXS: stacked, alternate context

{ C<J1PARE GRWP
}

CMI: begin t:=popw; s:=popw;
if s<t then push(-1) else if s=t then push(O) else push(1)

end;

CHP: begin a:=popa; b:=popa;
if b<a then push(-1) else if b=a then push(O) else push(1)

end;

CMD: begin dt:=popd; ds:=popd;
if ds<dt then push(-1) else if ds=dt then push(O) else"push(1)

end;

CMF: begin rt:=popr; rs:=popr;
if rs<rt then push(-1) else if rs=rt then push(O) else push(1)

end;
CMU,CMS:

beyin if insr=CMS then k:=popw; k:=argp(k);
t:= 0; j:= 0;

while
(j

<
k) and (t=O) do

begin a:= mema(sp-j); b:=mema(sp-k-j);
if b<a then t:= -1 else if b>a then t:= 1;

j:=j+2
end;

newsp(sp-2*k); push(t);
end;

}

MRK,MRS,MRX,MXS:
begin if (insr=MRS) or (insr=MXS) then k:=popw; k:=argn(k);

a:= lb; for j:= 1 to k do a:= mema(a-statd);
push(a); push(lb); push(O);
normalmap:=(insr=MRK)or (insr=MRS);

end;
CAl,CAS:

begin if insr=CAS then k:=popw; k:=argn(k);
a:=pd+pdsize*k;t:= memi(a+pdargs);store(sp+2-t-reta,pc);
newpc(memi(a+pdbase»; newlb(sp+2-t);normalmap:=true;

end;
RET,RES:

begin if insr=RES then k:=popw; k:=argx(k);
newpc(mema(lb-reta»; a:=sp-k; b:=lb-mrksize-2;
newlb(mema(lb-dynd»;
for j:= 1 to k d~v 2 do store(b+2*j,memw(a+2*j»;
newsp(b+k);

end;

""N......
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<. "'lSCELlANEM GlUltlI'>
}

8EG,ftS:
b~gin if insrcteS th~n k:=popw; k:*argz(k);

if 'k>"O
t~en for j:* 1 to k div 2 do pushCundef)
else newsp<sp+k>;

end;
ilL"...8LS:

begin if insr*8LS then k:*popw; k:*argx(k);
t:=pope; s:epopal
for i :* 1 to k div 2 do store(t-2+Z*j,...MW(s-2+2*j»

end;
CSA: begin k:=POpa; b:=memi(pd+Pds;ze*memw(k)+pdbase);

t:* popw - memw(k+4); s:=-'}
if (t>=O) and (t<*memw(k+6» then s:*memwCk+8+2*t);
if s*-1 then s:*memw(k+Z);
if s=-1 then trap(ECASE) else n~"pc(b+S)

end; ,
CS8: begin k:=popa; b:*memi(pd+pdsize*mem..(k)+pdbase);

t:*pop..; i:*1; found:-false;
..hile (i<=..m..(k+4» arid not found do

if t"..uv(k+2+4*j) then found:*true .lse i :=1+1;
if found then s:~..(k+4+4*i) else s:"me...(k+2);
if 5*-1 then trap(ECASE) elSe nawpc(b+S);

frhd;

flU,",6US:
begin if insr=DUS then k:=popw; k:=argp(k);

fori :"1 to k div 2 do push( (sp- k.+ 2»;
end;

EXG: begin t:=popw; s:=pop..; Push(t); pushes) end;
HLT: beginexiUtatus:*popw;halted :.. true end;
LIIiI: lino(argnCk»;
LNl: lino(.emw(D)+1);
LOll: btgin i :*k;

Case i of O:pushHb); 1 :push(sp); 2:pushChp) end;
end;

"ON: ; { "'ONwill not be described here}
NaP: ;
RCK,RCS:

begin if Insr=RCS then k:~a; k:*.rgK(k);
if (me Csp)<.em..(k» or (1II (sp» (k+2» th.n trap(UAN&E)

end;
RTT: dortt;
516:begin a:=pOpa; b:=popa; push(uerrorlb); push(uerrorproc);

uerrorproc:=a; uerrorlb:*b
end;

STR: begin i:=k;
case i of 0: newlb(pope); 1: newsp(popa); 2: newhpCpopa) end;

end;
TRP: trap(popw);

..ritaln('halt with eKit ttatus:',exitstatus);
end.

.

end (end of caSe State..nt )
unt it halted;

9999:
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{ UNREAL ARITHMETIC -- extended precision integer arithmetic }

j

{ routines for 16-bit machines.

l

~
Jeff Pepper
Three Rivers Computer Corporation
160 N. Craig Street
Pittsburgh. PA 15Z13

{
written July 1980 ~

{ PURPOSE; ~
{ This module provides routines for performing standard integer }
{ arithmetic functions with extended precision. It is designed

}
{ for use on 16-bit machines. where it effectively extends MAXUY }
{ from 32767 to roughly 256 trillion (2"48 - 1). This is }
{ particularly useful in financial applications I where you can }
{ store dollar amounts in tenths of a cent and still keep track

i

{ of up to $256 bill ion.
{
( IMPLEMENTATION:
{ Numbers 8fe of type UNREAL. a Pascal record containing 6 bytes
{ (0. .255) and a boolean indicating the sign. The preciSion }
{ can be changed by changing the global constant BYTE MAX. and }
{
{

by changing code as noted in Uwrite. Changing Ur-ead is lIIore }

difficult. but you probably never want to read a decimal
}

{ number larger than 15 digits anyway... }

~ EXCEPTIONS; ?
{ The ErrorTrap procedure is called on all exceptions. which are }
{ as follows: }

~

"input too long" -- too many chars in input string
}

"input too large" -- value of input> 2"48 - 1 }

"no number found" -- Uread encounters a non-digit before}
{ finding a digit }
{ "division by zero"

}
{ "addition overflow"

}
{

"mul t overflow"
}

{ The values returned by a proct!dure/functiofi are undefined if an }

~
n n n. :::::~ ~:: _~: - :::::~ n__ _m_ _ _ _ __m mn _m"__n nn_ nn

J{ The fo11owing operations are available: }
{ }
{ Unegate (8: unreal) a -a }

{UUa1d (a.b; unreal; VAR c: unreal) c a + b }

{UUsub (a.b: unreal; VAR c: unreal) c a - b }

{UUmJlt (a,b: unreal; VAR c: unreal) ca. b }

{UUd;v (a,b: unreal; VAR q.rem: unreal) q a DIV b; }
{ re.. :. a MOO b }

t UUgreater (a.b: unreal): boolean true iff 5
{ UUequal (a,b: unreal): boolean true iff }
{ Uzero (a: unreal): boolean true iff }
{ }
{ Uread (VAR f: text; VAA num: unreal)

}
{ reads a nunber in decimal form, converts to type unreal }
{ Uwrite (VAR f; text; num: unreal; fieldwidth: integer) }
{
{

converts from unreal to decimal form. writes to file }

f. using fieldwidth specified. Writes all '.'s if }

~
fieldwidth is too small

5{ IUconvert (a: integer; VAR b: unreal) )
{ converts int~ger to unreal }
{
{

Ulconvert (a: unreal; VAR b: integer): boolean }

cOflverts unreal to integer. The function returns II false value}
{ iff a > ma.dnt. }
( }
{ )

re~lArr8y
'"

ARRAY [0. .byteMax] Of integer;
wrlteBuf

'"
ARRAy [0. .bufmax] OF integer:

digArray . ARRAY [0..2] OF 0..9;
string" PACKED ARRAY [0. .19] Of char;

{ n n }

procedure UUSub (a. b: unreal; VAR c: unreal); fORWARD;

{n
_ _ n _"

_ _ _ _ _ _ _ _ _
n _ _ _ _ _ _ _ _ _ _ _._ _ _ _ _ _ _ _ _ _ _ _ _ _

_"
_ _ _ _ _ _ _ _ _

n
_""

_ _ n_ _ _ _ _}

procedure Errorfrap (str: striftg);

8EGIN

:~:~:~~;
( UNREAL ARITHMETIC ERROR: str);

ENO:
{_

- -
n

_ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ __ _ _ _
n

_ _
_"n

_ _ _ _ _ _ _ _ _ _ _ _ _}

procedure Unegate (VAR a: unreal);

8EGIN
a.pos

:'"
NOT a.pos

ENO:

{_

-
n

_ _ _ _ _ _ _
n

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
_ _ _ _ _ _ _ _ _

_
_ _ _ _ _ _ _

_ __
_ _ _ _ _

n
_ _ _ _ _ _ _ _ _ _ _ _ _ _}

function Uzero (num: unreal): boolean;

VAR i: integer; zip: booleaA;

8EGIN
zip

:'"
TRUE;

~~:r~
:'"

~i~o
byteMax 00 zip :- zip AHD (num.byt[i]

'"

0); {test all bytes}

ENO;

{- - - - - -" - - - - - - - - - - - - - - - - - - - - - - -. - - - - - - - - - - -" - - - - - - - - - - - -" - - - - - - - - - - - - - -}

function UUequal (I,b: unreal): boolean;

VAR i: integer; eq: boolean;

8EGIN
eq

:'"
TRUE;

~~\~p~; ~>t~.~~~e~~;NO~qe~';;A~~E~80
(a.byt[i] . b.byt[i]):

HU~~e:~( ~)s:H~o~~e~~(b ~'f~~~ ~~ ~~f~:~:7t
sign...}

UUequal
:'"

eq
ENO;

{----- ---- -- -- --}
procedure IUconvert (a: integer; VARu: unreal);

VAR i: inleger;

8EGIN
FOR i
u .byt[l]
u. byt[O]
u. pos : =

ENO;

2 to byteMax DO u. byt[ i]
;. A8S(a) OIV 256;
;. A8S(a) MOO256:
(a >. 0)

0:

{_n_ _n_ __
n_un nn_ n ___h_ _ _ _u_ _ _ __n _ _

_n nn _n _
n}

CONST bufmax" 16: size of write buffer, - 1
byteMax ..5: size of byte array. - 1 }

TYP[ byte'" O. .255;
unreal

"
RECORD

byt: ARRAY [O..byteMH] OF byte;

ENg~&: boo'ie-an; { true if it's non-negative}

function Ulconvert (u: unreal; VAR a: intfger): boolean:

{ returns TRUE iff u is in range .32767 .. +32767 }

VAR small: boolean;
i: integer;

8EGIN
small TRUE;
FOR i. 2 to byteMax DO small
Ulconvert

;'"
small:

. :. u.byt[l] . 256+ u.byt[O]:
IF NOTu.pos THU: a :- -a

small ANO(u.byt[i] . 0):



256, add to s)
digits) ;

digits[i] 2;
dig; ts[i] 5;
digits[i] 6

65536, add to s} :>
digits) ; LJ

=
digits(i] 6:
~digits[i) 5;
digits[l] 5;

.Ddigits[l] 3" exdigHs[i] 6

16,777.216 and add to s}
digits) ;

{abr-acadabra.. . convert the digit array to base 256}
t,.p[OJ s[OJ + s[ 1J . 10 + 5[2] .. 100 + s[3J 232 +

s[ 4J 16
,

s[5J . 160 + s[6] . 64
'

s[7J 128:
tmp[l ) ;. s[3J 3 + s[4J

,
39 + s[5] .. 134 + s[6] 66 +

s[7J' 150 + s[BJ 225 + s[9] .. 202 + s[10]- 228 +
s[II]' 232 + s[12]' 16 + s[13P 160 s[14]' 64;

tmp[2] s[5] s[6J . 15 + s[7) .. 152 + s[8J .. 245 +
s[9] . 154 + s[10]' 11 + s[ 11]. 118 + s(12]. 165 +
s[13]' 114+ s[14]- 122 :

tmp[3J s[8]. 5 + s[9] . 59 + s[10J' 84 + s[II}' 72
s[ 12]' 212 + s[ 13}' 7B + s[ 14]' 16:

tmp[4] ,[10J' 2 + S[l1 ]' 23 + s[12}' 232 + s[13J' 24
s[ 14]' 243;

t"'p[S] s[13]' 9 + s[14J' 90;

frw.

{------ - - - - - -- - - - - -- - --- - - - --- - -- --- -- - - ---- "hh hh___nn__}
{check for high byte overflow}
If tmp[byteMax] <= 255

THEN num.byt[byteMax] := tmp(byteMax]
ELSE ErrorTrap ('input too large ');

END;
END:
{nun

_ _ _ _n__
n

_
h

_ _ n___
nn_ h_

_ _
nn

_
h

_ _ __ _n _ __ _ _
n

_ _ _ _ _ _ _ _ _
n

_ _}

function UUGreater (a.b: unreal): boolean;

VAR lac: integer;
state: lbigger, same, smaller);

BFGIN
IF Uzero(a) AND Uzero(b)
ElSE IF a.pos ANDNOT b.pos
llSE IF NOT a.pos AND b.pos
ElSE

BfGIN
state := same;
1oc ~=

byteMax;
REPEAT

IF a.byt[loc] > b.byt[10C] THEN state := bigger
ELSE IF a.byt[loc] < b.byt[loc] THEN state

:'"
smaller;

loe ;
= 10c-l;

UNTIL (s tate <> same) OR (lac <
0);

IF a. pas
TH[N UUGreater. (state bigger)
ELSE UUGreater := (state = smaller);

END;
END;

THEt~ UUGreater ::z fALSE
THEN UUGreater :,. TRUE
THE N UUGr ea tel' :" fALSE

procedure Uwrite (VAR f: text; num: unreal; fieldwidth: integer);

{at this point, a and b must have same sign}

VAR s: writeBuf;
i,j: integer;
digits: digArray;
started, goodsize: boolean; -"

{when both are pas.}
{when both are neg,}

{_ __h h _ _ n
__ _

h
_ _ _

n
_ _ _ _ _

h
_ _ _ _

U nn_ }
procedure GetDigits (nurn: byte; VAR digs: digArray);
BEGIN
digs[2]. num DIV 100;
digs[l) :

= num MOD 100 DIV 10;
digs[O]

:'"
num MOD 10

END'{- _:
- - - -- -- - -- -- - - - - - - - -- - - - - - -- - - - - - -- --- -}

--,-

BEGIN
FOR i := 0 to bufmax DO s[i] := 0;

{_ __ _ _
n

_ _
n_

_ _ _ _ _
n

_ _ _
h

_ _ _ _ _ _ _ n_ _ n h_ n n _ n
_ _ ___ _ _ _ _

_n
_ __ _ _ _ _ _

n
_}

{Oth byte}
GetDigits (num.byt[O], digits):
FOR i .= 0 to 2 DO s[i]

:'"
digits[i);procedure Uread (VAR f: text; VAR num: unreal);

VAR i,strLen: integer;
tmp'. real Array;
s1: array [0. .bufmax] of char;
s: wrHebuf;

BEGIN
{initialize}
FOR i 0 to bufmax DO 8EGIN s[i]

:'"
0; sl[i]

:'" '0'
END;

{1st byte -- multiply by
GetDigits (num.byt[l],
FOR i : = 0 to 2 00

BEGIN
s(2+i]
s[11-i]
s[O+i]
END;

s[2+iJ
s[l+1]
s[O+i]

WHILf fA

nurn.pos .
IF f~ IN

DO get(f):
NOT (f' . '-');

"
", "'J

THEN get(f):

{skip leading spaces}
{look. for minus sign}
{edt leading sign}

{2nd Dyte -- multiply by
GetDigits (num.byt[2],
FOR i :

'"
0 to 2 00

BEGIN
s[4+iJ s[4+1]
s(3+i] s[3+;]
s[2+i] s[2+i]
s(l+i] s[l+i)
s[O+;] 5[0+i]
END;

stl'Len :"
0;

WllIlE (f~ IN ['0'.. 'g']) AND (strLen bufmax) DO
B1!GIN
read (f. sl[strlenJ); {read into string of digits}
strLen

:'"
strLen + 1;

END;
IF strLen > bufMax THEN ErrorTrap (' input too long ')
ElSE IF slrLen

"
0 THEN ErrorTrap (' input not found ')

ElSE
BEGIN
{now rt!verse the string and convert from chars to integers}
FC)R i

:" a to strlen-l 00 s[i]. ord(sl[strLen-i-l]) ord('O');

(3rd byte -- multiply by
GetDigits (num.byt[3],
FOR i :" 0 to 2 DO

BEGIN
S[7+1] s[7+i] + digits[i] 1;
s[6+i] s[6+i] + digits[i]

6's[5+i] s[5+i] + digits[i] 7;
s[4+1] S[4+i] + digHs[i] 7;
s[3+i] s[3+i] + digits[i] 7;
s[2+i] s[2+;] + digits[i] 2;
s[l+1] s[l+i] + digits[i]

l's[O+1] s[O+iJ + digits[i] 6
END;

FOR i :" 0 to byteMax - 1 DO
IF trop[i] <" 255

THEN num.byt[i] ::z tmpEi]
ELSE

BEGIN
Unp[l+l] := tmp[i+1] + tmp[i] DIV 256;
num.byt[i] := tmp[i] MOD 256
END;

{4th byte -- multiply by 4,294,967,296
IF lUlTI. byt[4] > 0 THEN

B"GIN
G~tDigits (num.byt[4], digits);
f.)R i :.. 0 to 2 DO

BEGIN
s[9+1]
s[8+i]
s(7+i]
s[6+;]
S[5+1J
s[4+i]
s[3';]
s[2+ 1]
sf1+iJ

and add to s}

s[9+i] +
S[8+1] +
s[7+i]
5[6+i]
s[5+ 1)
s[ 4+iJ
s[3+1]
5[2+i)
s[l+i]

d gits[
d 9 its[
d gits(
d gHs[
d gits[
d gits[
d gits[
d gits[
d gits[

. 4
2. 9, 4. 9

. 6
7
2. 9



{5th byte -- multiply by 1.099.511.627.776 (I hope) end edd to s}
IF nUII.byt[5] > 0 THEI

BEGIN
GetDigits (num.byt[6].digits);
FOR i :. 0 to 2 00

BEGIN
s[12+i]

{.[lI+i]
s[10+i]
.[9+i]
.[B+;]
s[7+i]
s[6+i]
s[5+i]
s[4+i]
5[3+;]
.[2+i]
.[I+i]
.[O+i]
END;

END;

e" IF YOU INCREASE THE NUMBER OF BYTES BEYOND D. .5: repeat the process
as above for all higher-order bytes, using a multiplier that's
256 . the multiplier for the next lower byte ...}

{now reduce all values to range O. .9}
FOR

; :.. 0 to bufmu DO
IF sri] > 9 TIIEN

BEGIN
.[i+I] :. s[i+l] + sri] DIY 10;
.[i]

:"
.[i] MOD 10

END;

{check to see if any digits will be lost}
goods i ze :.. TRUE:
FOR 1 :- fieldwidth TO bufmax DO

goodsize :.. goodsize AND (5[i];' 0);

I F NOT goods i ze
THEN fOR i :- f1eldwidth-l dOWRlo DOwrite C'.')
ELSE

BEGIN
IF fieldwidth > bufmax + 1 THEN {pad wI spaces on right if needed}

BEGIN
write (' ':fieldwidth - (bufmax + 1»:
fieldwidth :- bufmax + 1;
END;

started
:""

FALSE;
FOR i := fieldwidth-l dowoto 0 DO

BEGIN
IF (s[i] . 0) AND (NOT started) AND (i

>
0)

IHEN IF (NOT num.po.) AND (5[,-1] >
0)

THEN write ('-') {leading minus sign}
ELSE write (' ') {leading space}

ELSE
BEGIN
write (s[i]:1); started TRUE
END;

END;
END;

END;

.[O+i]
END;

EID;

s[0+1] + digits[i] . B ELSE IF NOTe.pos ANDNOT b.pos
THENBEGII Unegste(a); U.eoate(b); UUadd(a.b.c); Unegate(c) END

ELSE
BEGIN {now we know both are po~itive}
FOR i :" 0 to .byteMax DO tmp[i] :. a.byt[i] + b.byt[i];
FOR1 :- 0 to byteMax- 1 00

IF tmp[i] <. 255
THENc.byt[i] :- tmp[i]
ELSE

BEGIN
c.byt[i] :- tmp[i] - 256;
tmp[ i+l]

:"
tmp[ i+1] + 1

END;
IF tmp[byteMax]

<"
255

THEN c. byt[byteMex] :. tmp[byteMu]
ELSE ErrorTrap (' addition overflow ');

c. pos TRUE;
END;

END;

s[12+i]
'[11+i]
s[10+i]
s[9+i]
s[8+i]
s[7+i]
s[6+i]
.[5+i]
s[4+i]
s[3+i]
s[2+i]
'[1+i]
'[O+i]

+ digits(i]
+ digits[i]
+ digits(i]
+ digits[i]
+ dig.ts[i]
+ digits[i)
+ digits[i)
+ digits[i]
+ digits[1)
+ digits[i]
+ digits[iJ
+ digits[i)
+ digits[i] . Procedure UUsub {a. b: unrea,; VARc: unreal};

VAR i: integer;
tmp: real Array;

1
o }

9
9
5
1
1
6
2
7
7
7
6

{_ _ _ n _ _ _ _
u _ _ __ _ _ __

u n_
_ _ _ __

n _ _ _ _ _ _ _u _ _ _ _ n _ _ _ _ _ _ _ _ _ _ __
n

_ _ _ __ _ __ _ _}

BEGIN
{juggle the signs}
IF a.pos AND NOT b.pas

THEN BEGIN Une9ate(b); UUAdd(a.b.c) END
ELSE IF NOT a.pos AND b.pos

THEN BEGIN Unegate(a); UUadd(a.b.c); Unegate(c) END
ELSE IF NOT a.pos AND NOT b.pos

THEN BEGIN Unegate(a); Unegate(b); UUsub(a.b.c); Unegate(c) END

{now make sure a>-b}
ELSE lF UUGreater(b.a)

THEN BEGIN UUsub(b.8.C); Unegate(c) END
ELSE .

BEGIN
FOR i :-0 to byteMaxDOtmp[i] :.. a.byt[i];
FOR i :- 0 to byteMax - 1 DO

IF tmp[i]
>"

b.byt[i]
THEN c.byt[i] :- tmp[i]

- b.byt[i]
ELSE

BEGIN
c.byt[i] tmp[i] + 256 b.byt[i];
tmp[i+1] tmp[i+1] - 1
END;

c. byt[byteMax] tmp[byteMax] b. byt[byteMax];
c.pos TRUE; {it better bel}
END;

END;

{n __u__ n_
___u_n_u nn_ n__ u__ un__u _nn _u u n__u_ n

_
uU u_}

procedure UUmult (a. b: unreal; VAR c: unreal);

VAR i, j: integer;
tmp: real Array;

BEGIN
FOR i :-byteMax DO"'NTO 0 DO

BEGIN
tmp[i]

:"
0;

FOR j
:- 0 to i DO tmp[i] tmp[i]. (a.byt[i-j] . b.byt[j]);

END;
FOR i :-0 to by teMax - 1 DO

IF tmp[i]
<- 255

THEN c.byt[i]
:'

tmp[i]

ELSE
BEGIN
c.byt[i]

:"
tmp[i] MOO 256;

tmp[i+l]
:"

tmp[H1] + (tmp[i] DIY 256)
END;

lF tmp[byteMax] <= 255
THEN c.byt[byteMax] :- tmp[byteMax]
ElSE ErrorTrap ('mult overflow ');

c.pos (a.pos AND b,poS) OR NOT (a.pos OR b.pos);
END;

{___ nn n___ ___ n_ ____n__}

procedure UUadd (a. b: unreal; VAR .c: unn 81);

VAR i: integer;
tmp: realArray;

BEGIN
{first. juggle the signs}
IF a.pos AND NOT b.pos

IHEN BEGIN Une9ate(b); UUSub (a.b.c) IND
ElSE IF -NOT a. pas ANDb. pos

THENBEGIN Unegate(a); UUsub (b.a.c) fNO

N
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VAR i,j: integar; .shifted: unreal:
BEGIN
as ize :.. byteMa}!.;
WHILE (a.byt[asiza]
baize

:'"
byteMax;

WHILE (b.byt[bsi~a]
IF as ize . bs ize

THEN foofer :- TRU(

ELSE
BEGIII
FOR; :.byteMex dowoto 1 do sbifted.byt[i]
shHtad.byt[O] :. 0:
TOGFar :. UUGreater (shifted, a);
EIIO;

EIIO;
{_ _ _ _ _ __ _ __

_n
__ _ _ _ _ _ _ n__ _ _ _ _ _ _u_ _ __ _ _ _ _ _ _ _ _ _ _ __ _}

O} AIIO (uize
>

O) DO uize

O} AIIO (bs1ze > O) DO bs1ze

as he 1;

1;

'.': IF UUequal(x,y} THEil write ('equal') ELSE write ('not aqual');
'c': BEGIN dummy:. Ulconvert(x,a); if dUIllllY THEN write ('conY OK');

write (&:10); IUconvert(e,z) END;

'+': UUadd (x,y.z);

'-'. UUsub (x.y.z):
UlJIIoult (x.y,z);

'/': UUd1v (x.y.z,r..);
EIID; {ce..}

write (' > ');
IF ch IN [.+ '/'. . c'] THEil Uwrite (output.z.16);

IF ch,,'f' THEN BEGIN \frite C', rea. '): Uwrite(~utput,rem,10) END;
writeln;

UNTIL false;
EIID;

{_ __ ___ _ _
n

_ _ _
n

_ __
nn _ _ _n _ _ _ _ _ _ _ _ _nnn

_ _ _ _ _ __ __ _ _ __ ___
_n _ _ _ __}

procedure UUOh (a,b: unreal; VARq, rem: unreal)~

VAR $hHtCt, i,j: integBr;
ashe, bsize: integ.r;
{_ _ _ _ ___ _ _ __ _ _ __ _ _ _ _ _ _ __ _ _ _ _ _ ___ _ _ _ _ _ ___ _ _ __ _ _

n
_ _ _}

functiotl TooFer (a.b: unreal): boolean;

{

"
.~.. -"". "'... }

bsize

b.byt[1-1];

BEGIN
Main

EIID.

BEGIII
IF Uzero( b)

THEN ErrorTrap ('Oivision by zero ')
ELSE

BEGIN
{figur,e out quotient's & rem's signs now, then force a and b positive}
q.pos :. (a.pos AijD b.pos) OR IIOT (a.pos OR b.poa):
rem. PO$;: = a. pos;
a ..pos TRUE:
b. pos:' TRUE;
FOR i :. 0 to byteMax 00 q.byt[i] 0: {initialize all O's}

shiftCt :. 0;
WHILEIIOT Toofer (e.b) 00

BEGIII
FOR 1 :. byteM.. OOWNTOI DO b.byt[i] b.byt[1-1];
b.byt[O] :. 0;
shiftet :. shiftCt + 1;
EIIO ;

F~R i :. shiftCt OOWIITO0 DO
BEGIN
WHILEIIOT UUGreeter (b.a) DO

1IEGIII
q.byt[i] :. q.byt[i] + 1:
UUsub (a,b.e);

I/~O; 0 THEN
BEGIII
FORJ :. 0 to byteM.. - 1 00 b.byt[j] b.byt[J+l];
b. byt[byteM..] :. 0;
EIID;

END;
rem.byt :. ..byt;
EIIO:

ENO:

{shift right}

{shift left}

{_ ___ _ _ _ _ _ _ _ _ _n_ _ _ __ _ ___ __ _ __ _n
_ _ _ _ _ _

__ _ _ _ _ _ _ _ _ __ _ _ _ _ __ _ _ ___ _ _ _ _ _ _ _
__}

procedure Mai4l;

YARa. i ,f: integer;
x,y,z,rem: unreal:
C1: char;
dJmmy: bool...:

"'tJ
»

'"m
IEGIN
REPEAr

wf'He ('Enter probl_ in for. n-op-n: '):
Ureld (input, x);
ree~ (ch):
Urud (input. 1);
CAS, cb OF

'>': IF UUgreater(x.y) THEIl write ('gre.ter') ELSE write ('not grtr'):

N
01



DDDDDD PASCAL INPUTIOUTPUT

Articles
In this example characters derived from the variable I

bv WRITE are sent to the procedure CONVERT, which stores
them In an arraY.

AN EXTENSIONTO PASCAL READ AND WRITE PROCEDURES

David A. Rpwland
Real-Time Soft\lare Auoclates

2717 Hllle&ass Ave.
BerkeleV, Calif. 94705

(415) 548-8095

Pascal READ and WRITE have several distinct actions.
Thev convert between Internal forms of data and their
representations as character strings, and they direct the
character strings through tiles. Thev are also the onlv
procedures in Pascal that allow an arbltrarv number of
parameters of varying tYPes,

VAR
CHARS ; ARRAY (.1..10.) OF CHAR;
C, I: INTEGER;

PROCEOURE CONVERT(CH: CHAR);
BEGIN

IF C <.. CNAX
THEN

BEGIN
CHARS (, C. ): ..CII;
C: "C1-1;

EN!);
END;

BEGIN
C:"l; 1:"437;
URITE(CONVERT, I);

END.

The second example shows j,ow READ CSln re..d Integers
dlrectlv from a hardware Input buffer.

sometimes It Is useful to have the properties of READ
and \IRITE sepilrate from the file strUcture., For example,
one may wish to convert an Integer to a character strln& and
store the strin~ In iln array. Or one may wish to take Input
from a keyboard dl rect I v through I ts Input buffer address
rather than deflnin& a system handler for It.

Files In READ and WRITE are specified by being named
first In the parameter list. If no file name apPl!ars, an
approprlatl! system file is Implied. The extension Is to
allpw the first Parameter In the 1Ist to be the name of a
u$er.d,flned procedure. For READ It must be a procedure
having a parameter list like (VAR CII:CIIAn). For ~IRITE It
must have a parwueter lIst like <CH:CHAR).

VAR
I, J:INTEGER;

PROCEDURE <iETC!I(VAR CI::CIIAR);
\JAR

RCSR ORIGIN 1775GOB:INTECER;
~UF ORIGIN 177562B:CHAR;

BEGIH
I-Until a char Is ready, walt here*1
IItIILE RCSR .. 0 00 l"nothing*1
CtI~ -RI\I,iF;

END;

5EGI.N
~AI)(GETCII, I, J);

EHO.Thl! actions arl! thl!nJ for REAP, every time
Is $OUiht, the user procedure Is called. It
charactl!r In CU. For \~RITE, the user procedure
with the character provided as the parameter.

This exten$lon Is very much In the spirit of Pascal,
whleh elsewhere allow, procedures to be passed ali
par~ters. It m.ilV seem a sllght convenience In standard
Pascal, but It 1$ an enormous aid In the multl.t..sldn&
version of P9$cal ~Ihlc;h we have created. It allows one the
full flexlbllltv and famillarltv of READ efld WRITE In the
absence of any operatlni system. It might be considered for
other real-time and process control languages.

a character
returns the

I s ca II ed

"»
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PDP-11 PASCAL: THE SWEDISH COMPILER

VS

OMSI PASCAL-1

stated in the draft standard.

PASCAL STANDARDIZATION

Margaret A. Kulos
Naval Underwater Systems Center

New London, Connecticut

The formal effort to produce a standard for the Pascal
programming language began in 1977 when a working group was

formed within the .British Standards Institution (BSI). In
October 1978, Pascal was listed as a International Standards
Organization (ISO) work item and a working draft was
circulated as the ISO document (1).

The current version of the standard (the 5th working
draft) is being circulated to ISO member bodies for comment.

In the United States, the cognizant bodf is the joint ANSI

X3J9-IEEE Pascal Standards Committee (2).

ABSTRACT

This paper presents a comparison of
Seved Torstendahl's Swedish Pascal
compiler and the Oregon Minicomputer
Software Inc. (OMSI) Pascal-1 compiler.

A comparison of the results of
applying the Pascal Validation Suite
against both compilers is reported. A
discussion of the factors that need
consideration in transporting programs
written for one of the compilers to the
other, based on the results of the
validation suite, is presented.

THE ~ PROCESSOR VALIDATION SUITE

The Pascal processor validation suite by A.H.J. Sale
and R.A. Freak is a series of test programs written in
Pascal that are designed to support the draft standard
(3,4). This suite of programs may be used to validate a
compiler by presenting it with a series of programs which it
should or should not accept. The suite also contains a
number of tests that explore implementation defined features
and the quality of the processor. Processors that "pass"
all the tests are likely to be well designed and relatively
trouble free, although they may not be error free.

Use of the validation suite provides an opportunity to
measure the quality of a processor and aids implementators
in providing a correct implementation of "standard" Pascal
in an effort to improve the portablityof Pascal programs.

The six classes of tests in the validation suite are
conformance, deviance, implementation defined, error
handling, quality, and extension.

INTRODUCTION

This paper presents a comparison of two Pascal
compilers implemented on a PDP-11/70 running the
RSX-11M-PLUS operating system.

A comparison of the results of applying the Pas~al
Validation Suite against Seved Torstendahl's Swedlsh
.Compiler and the Oregon Minicomputer Software Inc. (OMSI)
Pascal compiler is reported. Both compilers are discussed
in relation to the requirements of the draft Pascal
standard. Spec'ific areas where programs written for one
compiler may not be compatible with the other compiler are
highlighted. This paper does nut discuss the differences in
the I/O handling by the two compilers except for presenting
the validation suite results .for tests that examine I/O as

Conformance programs are correct
programs that should compile and execute.

Programs in the deviance class are Pascal programs that
differ in subtle ways from the standard. These detect
processors that:

Btandard Pascal

(a) handle an extension of Pascal
(b) fail to check or limit some Pascal

feature appropriately, or

-u»mIT1
N
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(c) incorporate some common error.

Implementation defined programs detail features of the
processor that are implementation dependent.

Validation Suite Version: 2.2

Conformance Tests

Humber of tests passed: 118
Humber of tests failed: 17

Details of !!!.!!! tests:

The programs in the error handling category test
situations where an error should be detected. This enables
documentation of undetected error conditions.

Programs that explore the quality of an implementation
are classified as quality tests.

The final category of tests investigates the sYntax of
extensions to the language according to the conventions
cited in the standard.

6.1.8-1 Comment is not considered to be a token
separator.

PROCEDURE(*comment*)ABC; is not a legal procedure
heading.

All test programs are labeled with a test number
corresponding to the section in the standard which gives
rise to the test followed by a dash and a serial number that
uniquely identifies each test written for that section. For
example, the test numbered 6.10-3 is the third test in the
validation suite corresponding to that section of the
standard numbered 6.10.

6.2.2-) Type identifier which
of a pointer type is not permitted
occurrence anywhere in the type
which the pointer type occurs.

specifies the domain

to have its defining
definition part in

PROGRAM Name;
TYPE
node=real;

SWEDISH COMPILER VALIDATION REPORT
PROCEDURE X;
TYPE
p=Anode;

The following is a report of results obtained by
running the Pascal Validation Suite against the Swedish
Compiler Version 6. The details of the test results state
the actions demonstrated by the compiler for a particular
test rather than the requirements listed in the standard.
Examples of syntax constructs that will cause a test to fail
are provided in the descriptions only for those tests that
are not self-explanatory.

6.4.3.3-1 Empty field-list in variant part of
record type definition is not allowed.

e =RECORD
CASE married OF
true: (spousename:string);
false: ()

END;

6.4.3.5-1 File of pointer to integer is not
allowed.

.

Pascal Processor Identification

Computer: DEC PDP-11/70 running RSX-11M-PLUS V1 BL6

Processor: Swedish Pascal Compiler Version 6.01

Test Conditions
TYPE

i=integer;

VAR
ptr:"i;
filex:file of ptr;

Tester: M.A. Kulos

Date: September 1980

",.

'"IT!
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6.4.3.5-3 The end of line marker is not inserted
at the end of a line, if not explicitly done in a
program.

6.9.2-2 Read of a
equivalent to correctly
variable.

character variable
positioning the

is not
buffer

6.6.3.1-5, 6.6.3.4-1 and 6.6.3.5-1 Procedure
declaration is not permitted as argument to a
procedure. Procedures and functions may not be passed
to other procedures and functions as parameters.

PROCEDUREConforms(PROCEDURE abc(x:integer));

6.9.4-4 Real numbers are not correctly written to
text files due to the fact that when a real number does
not fit the format specified, or the fraction length is
not specified, the number is written to the text file
in scientific notation.

Note: Version 4 of the Swedish compiler would process
this statement correctly if procedure abc did not have
an argument--which goes along with the Jensen and Wirth
definition of a parameter list (5).

6.6.3.4-2 The environment of procedure parameters
does not conform to the requirements stated in the
standard. (This test did not compile because of the use
of a procedure as an argument to a procedure.)

6.6.5.2-3 "TRUE" is not assigned to "EOF" if the
file is empty when reset.

Deviance Tests

Number of deviations correctly detected: 63
Number of tests showing true extensions: 1
Number of tests not detecting erroneous deviations: 30

Details of extensions:

6.1.5-6 Lower case He" may be used' in real numbers
(e.g. 1.602e-20).

Details ot deviations not detected:

6.6.5.4-1 UNPACK is not
compiler.

implemented by the 6.1.2-1 NIL is not implemented as a reserved word
and may be redefined.

6.1.7-5 and 6.9.4-12 Packed is ignored so that
packed array of char is identical to array of char.

6.6.6.2-3 The arithmetic function ARCTAN is not
implemented.

6.6.6.3-1 Transfer functions TRUNC and ROUND give
.error... floating point number too large. (This error
is due to the failure of the function DIV on a negative
number rather than the implementation of the
functions.)

6.1. 7-6 and
bounds other than
execute.

6.1.7-7
1. .n,

Strings .are compatible with
allowing deviant programs to

6.8.2.4-1 ion-local GOTO statements
allowed.

are not

TYPE
alpha = 'A'..' Z' ;

VAR

:~ : :~~:~

~

6::j
j

~;
a3 : array 2..5 ,)f

a4 : array 1..4 of
:BEGIN

a1 :='ABCD';
(* the next three are not valid assignments*)

a2:='EFGH' ;
a3:='IJKL' ;

a4:='MNOP' ;

.....
cD
00
.....

6.8.3.9-7 The use of extremevalues in a FOR loop
causes wraparound (overflow), - leading to an infinite
loop.

char;
char;
char;
alpha;

FOR i:= MAXINT-10 to MAXINT DO something;

"".m
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6.1.7-8 Compatibility of subranges of char and
packed arrays of char is not checked and the assignment
of erroneous values is allowed.

6.4.2.4-2 Real constants are permitted in a
subrange declaration. (Should be limited to subrange of

another ordinal type.)

6.10-3 The default file output is not
declared and it can be redefined.

6.2.2-4 Incorrect scope allows programs that are
incorrect to compile.

implici tJ.y

6.4.3.2-2
ordinal-types.

Index type should be limited
Compiler allows real bounds.

to

(* 'red' is used in a local procedure
before its declaration. *)

l'ROGRAM Xxx;
CONST
red=1;

PROCEDURE Yyy;
CONST
m=red

TYPE
colour: (yellow,green,red);

6.2.2-9 A fUnction identifier may be assigned
outside of its block.

6.3-5 Signed constants are permitted in contexts
.other than CONST declarations.

Wri teln{ +TEN);

6.3-6 Scope error...constant may ~e used in its
own declaration.

testarray = array [1.5..10.1] of real;

6.4.3.2-5 Strings are not required to
subrange of integers as an index type.

6.4.5-2 Var parameters which are compatible
not identical are allowed

have

but

PROGRAM .
TYPE
colour (red,pink,orange,yellow,

green, blue) ;
red..yellow;
pink. .blue;

subone
subtwo

VAR
colour1
colour2

PROCEDURE

: subone;
: sub two ;
test(VAR coll:subone);

END (*procedure*)

BEGIN (*main program*)
cOlour2:=pink;
test(colour2)

END.

PROGRAM Mainprogra.;
CONS!
ten=10;

PROCEDURE Localprocedure;
CONST

ten=ten;

6.4.1-3 Attempt to use types in their own
de~inition when the type with the same identifier is
available in an outer scope is not detected by the
compiler.

(* Colour1 and colour 2 are compatible but
not identical. The call to procedure
test should fail in this example. *)

6.4.5-3 Non-identical array types allowed as var
parameters.

.....
<D
00
.....

6.4.5-4 Non-identical record types allowed as var
parameters.



Details of Errors Not Detected

6.4.5-5 Non-identical pointer types allowed as var
parameters.

6.6.2-5 Function declaration with no assignment to
function identifier is permitted.

6.7.2.2-9 Unary operaonr plus is allowed to
than numeric operands.

other

6.2.1-7 Local variables are not undefined at
beginning of statement part.

6.4.3.3-5, 6.4.3.3-6, 6.4.3.3-7, 6.4.3.3-8 Variant
un-definition is not detected, there is no checking on
the tag field of variant records.

6.4.6-4 Value of expression out of clos€d interval
of destination in assignment statement is an error and
is detected at run time with a PASRUN error 12
(subscripting error) occurring. The program, however,
contiftues to execute.

(e.g.) CaNST
dot .

'.. ,

BEGIN
WRITELN(+dot);

6.8.2.4-2 Jumps between
statement are allowed.

branches of an IF
VAR

Answer: array[1 ..5] of integer;
i : integer;

6.8.2.4-3 Jumps between branches
statement are allowed.

of a CASE

6.8.3.9-2, 6.8.3.9-3, and 6.8.).9-4 Assignment to
a FOR statement control variable within the FOR loop is
not detected by compiler.

6.8.3.9-9 Non-local variable at an intermediate
level can be used as a FOR statement control variable.

i:=5;
answer:=2*i;

6.4.6-6
checked.

Array subscript compatibili ty is not

6.8.3.9-14 Global variable (at the program level)
can be used as a control variable in a FOR statement.

6.4.6-7 Members of a set expression not in the
closed interval specified by base type of assignment
destination are not detected as errors.

6.8.3.9-19 Nested FOR statements using the same
control variable are not detected.

6.4.6-8 Assignment compatibility for sets passed
as parameters is not checked.

.....
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6.9.4-9 Attempt to output integers whose field
width parameters are zero or negative are not detected
by compiler.

6.5.4-1, 6.5.4-2 Pointer variable with undefined
value or value NIL when de-referenced is not detected.

6.6.2-6 Undefined function result is not detected.

6.6.5.2-1 Put operation on file when EOF is false
is not detected. This may occur when a file is reset
(opened for read only) and written to.

Error Handling Tests

Number of errors correctly detected: 35
Number of errors not detected: 31
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6,6.5.2-6, 6.6.5.2-7 Changing current file
position while buffer variable is an actual parameter
to a procedure or an element of a record variable lis~
does not produce an error message.

Iaplementation Defined ~

6.6.5.3-4, 6.6.5.3-5, 6.6.5.3-6 Dispose
is not implemented.

procedure
The implementation

suite demonstrated the
Swedish compiler:

defined tests in the validation
following characteristics of the

6.6.5.3-7 Variables from NEW used
assignment ,statement or actual
undetecteci.

as operand in
parameter pass

A rewrite is permitted on the output file.
Alternate comment delimiters are implemented.
Equivalent symbols for A~ :, and := are not allowed.
Equivalent symbol for [ J is implemented (i.e., (. .)
is allowed).
Alternate symbols for <, >. <=, >=, and <> are not
available.
The value of MAXI NT is 32767.
Ordinal numbers of set elements must lie in the range
O. .63 or

' '..' "for characters.
A measure of time and space requirements of a program
which is an implementation of Warshall's algorithm
7ields:

6.6.6.2-4, 6.6.6.2-5 Negative arguments passed to
LN or SQRT are not detected.

6.7.2.2-3 When the second operand of DIV is zero,
ao error is detected.

6.7.2.2-6, 6.7.2.2-7 Result of binary integer
operations not in range O..MAXINT and O..-MAXINT are
not flagged as errors.

6.7.2.2-8 MODzero is not detected as an error.

6.8.3.9-5, 6.8.3.9-6 The use of a
control variable after FOR statement
intervening assignment or, the use of
variable after a loop which is not entered
that is not detected.

FOR statement
without an
a control
is an error

space = 370 bytes (2960 bits)
time 1.066 seconds

(This is in comparison to 0.81646 seconds
and 143 b7tes--6864 bits on a Burroughs
B6700 running the B6700 Pascal compiler
version 2.9.001.)

The characteristics of the floating-point arithmetic
system are determined to be:

24 bit mantissa.
Rounds on arithmetic.
EPS (smallest positive number such that

1.0+EPS <> 1.0)is:
6. 4604644E-08.

The, smallest positive floating point
number is: 2.9387357E-39.

The largest positive floating point
number is: 1.7014119E+38.

The value of expressions are fully evaluated before the
boolean value is determined.
Index is selected before an expression is evaluated.
Expression is evaluated before a pointer is

de-referenced.
The output buffer is flushed at the end of program
execution.

Real numbers are written with two exponent digits.
Default field width values are:

Integer 8 characters
Boolean 6 characters

......
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6.8.3.5-5 CASE statement that doee not contain a
constant of selected value produces no warning.

6.8.3.9-17 Nested FOR statements using same
control variable are not detected as errors.

6.9.2-4, 6.9.2-5 Readingintegers and realsfrom
file of text when the text is not a valid integeror
real number does not produce a diagnostic. For
example, the text string read as a real 'ABC123.456' is
not detected as an error.
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Real OMSI VALIDATION REPORT15 characters.

A total of 18 implementation defined tests were run.
The OMSI Pascal-1 compiler was tested against the

Pascal Validation Suite by Barry Smith, a member of the
Oregon Software i~plementation/maintenance team in September
1 979

(
6

)
.

Quality ~

Twelve quality tests were executed, producing the
following observations:

There are 10 significant characters in an identifier.
The compiler does not assist in detecting unclosed
comments.
Yore than 50 types are allowed.
More than 50 labels permitted.
More than 100 variable declarations allowed.

Functions SQRT, EXP, SIN, COS, LN are implemented
coqsistently.
Function ARCTAN is not implemented.
Operator DIV does not handle negative values correctly.
Warnings are not generated for impossible cases in a
CASE statement.
FOR statements may be nested at least 15 levels deep.
FOR ~tatement control variable may be accessed upon
exit from loop (value is last value in loop).
Recursive I/O is allowed using the same file.
Large populated CASE statement (containing 255
constants) is allowed.

Conformance Tests

Of the 137 conformance tests attempted, 15 failed. The
major reasons were:

Comment delimeters not required for pairwise matching.

Pointer scope not handled correctly.
Assignment to function identifier within nested module
generates faulty code.
Empty record types and cases are not allowed.
Equal, compatible sets of different base types do not
compare.
Set of char is implemented as a 64 element set.
Procedural parameters do not conform to draft standard
proposal.

End of file on empty temporary file not checked.
Pack and unpack not implemented.
Empty field specifications nDt allowed in record

declarations.
Conversions on reading real numbers not identical to
the conversions performed by the compiler.
Writing boolean values is incorrectly right-justified.Extensions

Deviance Tests

Number of tests run = 1

The only extension test
OTHERWISE clause in a CASE
implemented but has instead been
OTHERS as a case constant.

run demonstrated that the
statement has not been

modified to use the word

Forty-one of the 95 deviance tests attempted in the
compiler test proved to be deviations to the standard. The
basic causes were:

Real number constants without digits
allowed.
Packed array of char identical to array of char
Requirements to be a string-type are not checked.
Empty string allowed.

Incorrect scope allows incorrect programs to compile
and execute.
Invalid programs
inaccessible.

after point

where function identifier is



Function identifier may be assigned outside of its
block.
Packed scalars, subranges an~ type-identifiers are
allowed.
Non-integer subrange index types are allowed for string
types.
The use of a set of real is not detected.
Compatible but not identical var parameters are
allowed.
Non-identical array types and pointer types allowed as
var parameters.
File assignment and records containing file components
compiled as descriptor copy.
Functions without assignment to function identifier
allowed.
GOTO statements that transfer into structured statement
components are allowed.
Contro1 variable in a FOR statement may be from any
level of the program and may be assigned a value within
the statement. The same variable may also be used in
nested loops.
Use of ext~rnal file (other than program parameters)
not stated .
The files input and output are not implicitly declared
at the program level, but at a lexically enclosing
level.
The entire program heading may be omitted.

Error tests

Assignment compatibility with overlapping sets.
Case expression with no matching label.
Use of for statement control variable after loop
termination.
Nested loops using same control variable.

Implementation Defined Tests

Of the forty-eight tests attempted, 11 detected
errors while 35 of the remaining tests compiled and
executed without detecting the areas where the code
deviates from the standard. The basic causes of
undetected errors were:

The execution of the implementation defined tests
showed the following results:

The value of MAXINT is 32767.
The set of char is not implemented (but is equivalent
to the set of characters from underscore character to
the back-arrow character.
Set limits are 0 to 63.
Standa~d functions are not allowed as functional
parameters.

Real representation is as follows:

24 bit mantissa.
Rounds on arithmetic.
EPS = 5.96E08.
Minimum floating point number is:

2.393E-39.
Maximum floating. point number is:

1.70E+38.
Boolean expressions are evaluated fully.
Index to array selected before expression eva+uat8d
(e.g. a[i]:=exp).

Evaluation before dereferencing in the statement
p.:=exp.

Real numbers are written with two exponent digits.
Default field widths are:

Integer 7
Boolean 5
Real 13

A rewrite is permitted on the output file.
Alternate symbols are allowed only for comment
delimiters.

Use of un-defined values.
Variant undefinition.
Assignment compatibility (except index type in arrays).
NIL or undefined pointer de-referencing.
Undefined function result.
File buffer aliasing and use of file.
Some disposing conditions with undefined values or var
parameters.
Dynamic variant
assignment.
Succ or pred of limiting value in type.
Chr of very large integer.
Overflow of integer type.

record .used expressionin or
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"CLASS SWEDISH COMPILER OMSI COMPILER
):>
en
r>):>
r-

CONFORMANCE 87~ 89~ :z
".,

DEVIANCE 68~ 56~
:E
en

ERRORHANDLING 76~ 76'f, '!toN
......

Quali ty tests COMPARISON OF VALIDATION TEST RESULTS- -
Twenty-seven quality tests were attempted, with three

tests failing for the following reasons:

Could not handle program with 50 labels (infinite
loop).
The use of a real expression in the SIN/COS test
generated error for lack of register.
Fatal error when compiling 11 nested for loops.

The quality measurements resulting from the other 21
tests demonstrate the following:

Identifiers of any length are allowed, disallowing all
mis-spellings.
Unclosed comments take the remainder as comment with no
warnings.
More than 50 types are allowed.
Array[integer] is detected but diagnostic message
produced is not a applicable warning.
Record fields are allocated representation space in
declaration order.
.More than 100 variable declarations are allowed.
Less than 10 nested procedures are allowed.
Mod is inconsistent for negative operands.
No warnings generated for impossible CASE clauses.
More than 256 case constants are allowed.
Undefined (out-of-range) values of case expressions are
possible but do not cause damage.
No more than 3 nested WITH statements permitted.
Textfile without EOLN at end is still printed.
Recursive I/O allowed on same file.

A comparison of the results of applying the Pascal
Validation Suite to both the Swedish compiler and the
OMSI Compiler produced the results shown in table 1.

Table 1

Percent of Test Results
Consistant with Draft Standard

The results show that both compilers conform
relatively well to the standard definition in accepting
"correct" programs. They are also comparable in error
detection.

The OMSI compiler appears to deviate in more cases
than the Swedish compiler in that it accepts more
syntax constructs that are not allowable according to

the definitions.
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The following is a list of the areas where the two
compilers differed in the conformance and deviance
tests of the Pascal Validation Suite. The details for
each instance are available in the validation reports
for theae compilers. It is important to note that
these factors need consideration when trying to ensure
that programs written for one compiler may be
transported to the other.

The Swedish compiler allows redefinition of NIL.
The OMSI compiler allows a decimal point not
followed by a digit.
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