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Final Report

The contract covered by this annual report includes a variety of activities and services centering
around the continned growth and well-being of INTERLISP, a large, interactive system widely used
in the ARpA commumity for developing advanced and sophisticated computer-based systems.
Perhaps the best way 1o seport on the progress accomplished over the period of this contract is to
present these activities in terms of the or'ginal work statement:

Statement_of _ Work
a) Maintenance of the user portion of INTERLISP -- finding and fixing bugs reported by
the ArpA community, and modifying or improving existing features,

b) Documentation -- preducing and maintaining documentation for INTER? ISP, including
an on-line INTERLISP reference manual, and programs tfor convenient accessing of this
manual, ie. an inforimation retrieval facility,

¢) Distribution of new INTFKLISP systems -- periodically bringing up and checking out
new releases of the system, and distributing them to selected ARPA  sites,

d) Coordination and user interaction -~ i1nsuring theo the various osers communities are
kept informed of developments in INTFRUISP, and that thev have the opportunity .0
participate 1ir and influence such developments. Also, insuring that new implementations
of INTERIISP conform to INTERLISP standards.

.. maintenance of user partion of INFERLISP, finding and fixing bugs reported by the ARP{ community,
modifying or improving existing features, "

During the contract year, we received and responded to a host of reports of bugs, non-features,
and suggestions for additions or changes, or simply reguests for mtformation, from twenly ARPA
sttesZuser-communities: BEN-TENEXB,  USC-ISIB,  USC-FCL, USC-ISIC,  SUMENX-AIM,  BBN-TINEXD,
SRI-AL BBN-TENEXA, SU-AL MIT-AL HARV-10, BBN-TENEFXC, SCI-TENENX, USC-ISID, CMU-T0A, MIT-ML,

DDC

DISTRIBUTION STATEMENT A

Apprgved for public release;
Listiibution Unlimited




UTAN-10, RUTGERS-10, MIT-MC, O¥FICE-1  The following examples are typical of the ringe of
these interactions:

A user at 1St (Goldman) reported a bug in the translation ¢f iterative statements win:h was
corrected.

A user at 1st (Viual) suggested an extension to the iterative statement in the form of a
REPFATWHILE and REPEATUNUIL operator. This extension was of general value, and was
implemented.

A user at su-al (Davis) found a problem with the translation of the subset operator. The bug was
climinated.

A user at SEINMEN (Lederberg) encountered a problem which was traced to the facility for rusing
the structure associated with large numbers. This information was relayed to BBN and he
problem was fixed.

A user at sU-Al (Davis) found a bug in the history fucility or the progzrammer's assistant, which
was riaed.

A user at su-al (Gordoa) working on the mathematical semantics of advanced 1150 systems
requested information on what would be the spaghetti-stack primitives m INTERLISP, in order to
determine if  his semantic  domains were adequate for  representing  the  denotations  of
cnvironment manipulating operations. We suppited him swith a draft form o the spaghetti stack
documentation and ans.ered seme additional guestions.

A user at BBN (Levas) found a bug relating to nested F/Z10 operators in DWIM.

In response to a reqaest froni BN (Lewis), the iterative statement of DWIM/CHISP was extended to
permit the user to spectfy an expression which computed the expansion of an operator. This
significantly increased the range of apphications of the iterative statement, and enabled a number
of projects to take advantage of the benefuts of increased clarity of code that the iterative
statement provides,

In response to a request from BBN (Bates). we provided @ description of a PARC developed
package (Teitelman) for allowing the user to load a laree, heavily commented, symbohic prograng,
without actuatly having to load, and pay the storage costs for all of the comments. As a result of
its usefulness to the BBN project, this package was documented and included in the INTERLISP
system.

A user at SUMEN (Van Mello) requested a war of disabling certain CLise orerators with respect to
CHISPIEYING.  Le. convertieg ISP programs to crise,  while leaving  active  the inverse
transformations from CLis? to Lise. This facility aid not exst, and so was added.

A user at ist (Ryvland) discovered a flaw in the pwiM scheme for recovers following an erros in
certain situations, DWIN was revised and ovtended to o cover thas case,

In response to several reguests, a facihity develoned ot rare (feitelman) for autem sdacally
matking those portions of a programs histing correspondim,: o chanc was nude a part of the
standard INTERUISE system and released to the arPA commiumity at large,

A user at vse-rer (Britt) discovared and reported a senions problem with ewerrupt characters,
which was forwarded to BUN and repatred.




A user at Skt (Paxion) discovered a problem with the user interface with the compiler, which was
repaired by PARC.

BBN (Lewis) requesied a way of augmenting the Fnelish-1o-LisP transformations in CLISP, e.g. to
be able to tell CLISP that a phrase such as "X IS THE BEGINNING OF AN ARRAY" should translate
into the LISP expression (AND (ARRAYP X) (ARRAYBEG X)). This facility was added.

1St (Yonke) reported that the greeting facility in INTERIISP malfunctioned when the number of
directories in the host TENEX was increased beyond S11. This was repaired.

SCI-TENEY (Holsworth) requested a version of INTERLISP. We supplied same and helped them
with the necessary initialization procedures,

PARC (J Moore) discovered a bug in the compiler reiating to tie use of frec .ariables, which was
reported to B8N and fixed.

Charles Vollum, of the Cregon Muscum of Science und Industry, contacted PARC about an
implementation of INTERLISP on the PDP-11 that he was workine on. We sent him a copy of the
VM specification, and put him in touch with the people at BBN who were interested in the same
project.

Mark James, of the University of California at Irvine, contucted PARC aboat implementations of
INTERLISP for the ¢DC 3300, and for 1opsio, which he was working on. We gave him a
complimentary account at PARC so that he could experiment with INTERE 5P, and interact with us
via the message facility :ibout ideas that he had, and problems he encountered. He took
advantage of this invitation and the PaRC facility frequently.

To facilitate the expected frequent release of new and incompatible versions of the INTERLISP-10
compiler, 88N (Hartley) requested installation of a facility for automatically detecting whnen a
user attempted to load a file compiled with an incompatible (older or newer) compiler.

A user at sSuMEX (Van Melle) found a subtle but potentially serious problem with the translation
of iterative statements by DWIM. This bug was fixed

A user at PARC (Teitelman) encountered and isolated several bugs relating to applications in
which user programs performed their own input operations directly, instead of by using the
INTERLISP RFAD program.

A user at PARC found a bug in the garbage collector, which was reported to BBN and fixed.
Another user at PARC found a bug in the,compiler, which was 2lso reported to B8N and fixed.

Jaak Urmi, of Uppsala University in Sweden, who s implementing an INTERUISP For the 186 370,
visited PARC and engaged m a lengthy discusston about the INTERTISE Virtual Machine with
several PARC scientsts (Bobrow, Deuatseh, Moore, “Teitelman). The resalt was o much greater
degice of agrcciicnt hetween his mmpaomentation on INTERUISE oy 10 as corrently implemented.
Should this tmplementation  becon'e available in the United  Siates, transporting  existing
INTERLISP programs o the 370 dwplementation will be much casier.

At the suggestion of a BBN user, a facility was provided whereby the user could release (some of)
the storage required for facilities that he did not use, or was not using at the time. Previously,
the burden was on the user 1o know just hov to recover this storage. The new facility,




GAINSPACE, walked the user throngh a menu of options, querying him about cach facility and
allowing lum o select which to discard and which to retain. GAINSPACE 1S important to uscrs
developing systems with very large data bases.

There were several inquiries about INFERLISP for the new DEC Ki-10. We acted as :ntermediary
for the various sites involved. There was also continued discussion with Mark lames, University
of Califorma, Irvine, about an implementat.on of INTERLISP for TOPS-10,

A user a7 SRI-Al (Bover) found some problems with the new facility for user defined iterative
operators, which was then repaired.

A user at SRI-Al (Spitzen) requested information about an INTERLISP to MACLISP transiator, We
helped him with the problem of muaking this transformation.

A user at PARC found a bug in the compiler relating to compiling of non-local GOT0's. This bug
wis reported to BBN, and fined in about a weck. At that point, a user at SRI encountered the same
bug. As a result of a PARC user having previously encountered the same bug, we were able to
immediately supply the sRi user with the necessary fix, otiierwise he would have had to wait. The
henefit to other 4RP4 sies of having PARC continuously exercising INTERLISP releases is an
tmportant one: it drastically reduces the number of bugs encountered by other ARPA users, and
therefore reduces the disruption o their work.

A user at Isis (Greenfeld) found a bug in the ASKUSER package and also suggested some
improvements and extenstions which were implemented.

We had several interactions several times with Mark James, University of California at lrvine,
on his implementation of INTEREISP for the ¢bC 3300, to insure that it would be compatible
with INTERLISP-10.

Following B8N's release of a new compiler designed to produce more efficient code, several subtle
bugs were encountered and isolated by PARC users.

A user at isiB (Yonke) reported some bugs in DWIM which were fixed

A user at SUMENX (Van Melle) reported a bug in PRETTYPRINT relating to the new fucility for
optionally Keeping the text of comments on files when the source for the prozram was loaded.
(This facility lad been inclnded in the INTERLISP system at BBN's request, as described in the
previous quarterly  management report.)

A user at cMU-10A (Clark) needed some help in reviving some old versions of INTEREISP in order
1o perform some measurements on some old sysouts. We provided these programs from our
archives.

A user at 1818 (Greenteld) requested assistance in converting some programs from MACLISP to
INFERLESP. We helped him in this projeci.

We provided a user at 88N (R Bobrow) the sources for a parsing program developed at pARC
(Kaplan) for nse in conjunction with the intetlicent terminal project. We also provided him with
assistance on the use of the parser, and made some changes that he requested.

Several extensions to the record package ~eqnested by nsers at 181 were provided, including a
synonym facihity, a way of computing the field names of a given record, and several new record
types. Masterscope was extended to know about records.




A user at iSiB (Srinivasan) was experiencing a great deal of difficulty geiting his program to load
into a stripped down version of INTERIISP (it was too large to load ime the full INTERLISP). We
provided him with assistance and suggestiuons over a period of a few weeks untif he was
successful,

A user at SUMEX (Stefik) needed a facility wiich would make a copy of any INTERLISP data
structure, including structures that contained user defined datatypes, and were potentially
circular or reentrant. This facility was provided (Masinter).

A user al SUMEX (Man Melle) found a problem with (he ordering of tests in the translation of
iterative stitements.

A user at 88Na (Harris) suggested an improvement to the algorithwy used in transiating F/L
expressior.s. This impravement was implemented.

A user at SRI-At (Fikes) requested a way of seiectively turning off various CLISP operators that
was currently not possible. This addition was performed.

" modifving or improving existing features.”

During the contract year, there were a number of significant extensions or additions to
INTERLISP contributed by PARC scientists under PARC supported research. While these do not fall
directly under the acgis of the ARPA contract, nevertheless they are a logical outgrowth of PARC's
involvement with INTERLISP and the ARPA community, and sigmticantly benefit both.

A fast string searching algorithm was invented by Boyer (ski) and Moore (PARC), and
implemented in INTERIISP by Moore. The new procedure was generally 10 to 50 times faster than
the existing routines for scarching for strings in a file, and is now heavily used for applications
calling for extensive file searches, e.g. the on-line documentation of the INTERTISP system.

An extremely general user interaction package, ASKUSIR, was designed and implemented at PARC
(Teitelman). A single call 10 ASKUSER can be used to specify the protocol for an entire sequence
of interactions. At each point, ASKSUSFR can prompt the user, give him a list of acceptable
responses, or allow him to start over. For example, the TENEX FXFC interactions with the user
could be entirely handled with a single call 10 ASKUSER.,

The File Package was extended to inform the user when functions, records, or other entities were
changed, and therefore needed to be written out, but the corresponding entity was not associated
with any particular file. This situation frequently occars when a user is v the early stages of
developing a system. If the user forgets to associate the new entitics he defines with o symbolic
file, they would not be dumped, and would therefore be lost when the user retoaded in a new
system. The extension to the file package causes the user to be reminded, and allows him to
specify interactively and conveniently on what files the new entities are to be placed.

The iterative statement construct of CHISP was extend:d to permit the user to defime his own
iterative operators. This extension enables the user to take advantage of the clanty of syntex
provided by the iteratize statement in expressing operations not bt into the sterative statement.
For example, 1he user conld define AVERAGE as an operator with an appropriate mitialization:
FIRST SUM « 0 N = 0, NG step SUM«SUAMBBODY, NeNo L and a fimabization which computed the
average: FINATLY RETURN SUM/N, ie could then write iterative statements such as TOR XIN'Y
AVERAGE X WHEN X GT 0. or FOR T FROM T TO 20 AVIRAGE 12 WHEN (predicate 1),




A coroutine and generator packaze wes designed and implemented (Bobrow and Kaplan) which
greativ simplified the use of the rniew spoghetu stack capabiiity in INTERLISP. SRI (Fikes) was
invited te use the package and mude a rumber of  valuahic suggestions. BBN (Lewis) provided
some important compiler interfaces neeassary for efficiency. Virtally ali applications involving
switching of contexts now use this package, ¢z, tiie ARPA Decision Aids Project and the Speech
Understanding Project (skiy depend aezvily on it

An already existing facility was extended and generalized © permit programs (o protect
themselves against aborts, such that any undoable changes executed by the program would
automatically be undone if the user typed th: abort key (PARC., Teitelman).

A Hashfile package was designed and implemented (Masinier) for creating and accessing a large
database on a file. The databases addressed by this package are much larger than could be stored
in the wuser virtual address space. The Hashfile package provides a symbol-table facility with a
large capacity with a relatively small additional cost in run-time over using INTERLISP atoms. It
was subsequenlty extended (Kaplan) to enable complete list-processing on a file. The 1lashfile
package is now heavily used by the m~dical diagnosis project (MYCIN) at SUMEX, as well as
various projects at BBN.

The design and implementation of Masterscope (Masinter) was completed. Masterscope is an
interactive program for analyzing and cross referencing user programs. It contains fucilities for
analyzsing user programs to determine what other programs are called, how and where variables
are bound, ser, or referenced, as well as which programs use particular record declarations.
Masteiscope s able 1o analyze definitions directly from a filte as well as in core definitions.
Masterscope is iraerfaced with the INTERUISP editor so that when a program iy edited,
Masterscope automatically notes that 1t needs to be reanalyzed. Masterscope is also interfaced
with the 'NTERLIsP file package, so that in the case thut the source code for a compiled program
has nci been loaded, Masterscope can automatically retrieve it and analyze it on the file,
Masterscope was provided with a fiexible Fnglish-like comand language, so that the user can
express complex operations in a straightforward fushion, e.g. WHAT FUNCHONS USE X AND CALL
ANY FUNCTION THAT BINDS X, SHOW WHERE ANY FUNCHON USES FOO AS A RFECORD FIFLD, ete. A
facility for automatically checking @ set of block declarations for consistency as well as typical
errors, using heuristics gathered from various users, was incorporated into Masterscope. This
facility has turned out to he extremely useful for working with large systems of programs.

The programmers assistant wos extended to handle reexecution of an event or events for a
specified number of iterations, or while a particular condition was true, e.g. REDO event WHILE X
IS [LESS THAN 10.

"Muaintaining documentation for INTERLISP, producing new documentation where necessary, said
documentation to be on-line, machine readable

We revised, updated, and totally reformatted the INTEREISP manual. The reformatting  was
designed to take advantage of the multiple foms provided by our m-house printing facility. By
use of smaller fonts for footnotes, as well as going to single space, we were able to reduce the
size of the manual considerably, whi'z at the sume Lme improving its readability.

The entire preparation of the manual was automated nsing the rus facil:ty. Qur conventions
were embodied inospecial puB macros developed for the purpose of insaring consistency of
format, both for acsthetic reasons as well as to enable processing of the text by 1 psys, the
on-line documcntation system simultancously being developed (see below). This approach also
made feastble the flagging (with a special character in the margin) of any material that was
changed or added. Thus, users alvcady familiar with the INTEREISE system could <k the new
minual and quickly see what was different.




“he new manual provided documentation for a number of impertant facilities that had appeared
stnce the publication of the last manual i October, 1974, including: the spaghetti stack
capability, the coroutine and generator package, user data types, Masterscope, ASKUSER, user
interrupt characters.  The new manual also incorporzted a number of suggestions made by
INTERLISP users for making the manual clearer and easicr to use. All told there were changes to
L7 pages (of approximately 660 total pages), a testi-nonial to the evolving nature of the
INTERLISP system. 750 conies were printed and are being distributed.

" (producing) programs for convenient accessing of this maaual, ie. an information retiioval facility.”
(=3 1)

We imglemented Helpsys, an on-line documentation system that uses the INTERLISE Reference
Manual as a data base. Using Helpsys, the user can ask questions about topics in the INTERLISP
maaual, asing a constratned  but Fnglish-like command  lunguage, eg. "TELL ME ABOUT
PRETTY PRINT,” "WIHAT ARF THE ARGUMENITS 10 COMPHE® Where there are several subcategories
of the indicated sehiect, Helpsys will allow the user to specify more precisely what it is he wants
to know. For example, if the user asked 1611 ME asoutr proe”  Helpsys would repond "(1)
Prettydet command, (2) reference typed by ceditor, (3) crror message, (4) DEFINE  {cross
referencea subjectt, Which one? tHelpsys knows about descriptions of function definitions,
system flags, editor conmmands, break commands, ete. as well as eenerul topic references, e.g.
"TELL ME ABOUT MAKING A SYMBOLLE FIE," "TELL ME ABOUT COROUTINES AND GENFRATORS."
For cach request, Helpsys presents o speaified amount of text (for display terminals, one
screenful). The user can then continue to browse from thai point forward or backward in the
mannal, or give a new request. When given an unrecoznized topic, Helpsys performs spelling
correction as weil as "wildcard” completion. For example, if the aser has forgotten the name of a
particular flag i the system, but knows it begins witin <Hise and ends with ¥1G, he can say:
"TELL ME ABOUT CLISPSFLG,” vohereapon Helpsys will provide him with ¢ list of categories which
muatch with CLISPSFLG,

Helpsys 5 now a part of the staedardly released INTERUISP system, and the Helpsys database, i.e.
a specialy formatted representation of the INTEREISP mianual, has been distributed to various
ARPA site We expect that Fretpsys wall make the large amount of imtformation contained in the
INTERLUISP Manual mere readily avadable to on-line users.

"Periodically bring up and checking out new releases of the system, and distributing tiiem to selected
ARPA sites.”

During the early part of the contract year, a great deal of activity centered around shaking down
the newly released (by BBN) spaghettr stack system. The spaghetti stack capability had been under
developmeat and cager! cdted for soveral years, 1t aliowed progiaiis (o comvtindd, mamiain,
and switch back and tooth between several different enviconments simultancously, and  was
absolutty essential for many of the advanced apphication systems, such as command and control,
now being developed. As s usually the case with such o magor change tna farge system, a great
number of problems were encountered by users at PARC, Freaaently these problems were of the
nature as to totally destroy the program that was bemg run when they were encountered.
Fertunatety, we were able to mteract gquickly with BN mmplementors via the ArRPA net, and the
problem would usually be fixed within a day or so. At that pomt, we would refoad the system
and continue tryimg to break it During some phuses of this effort, this was almost a daily
process: during the first quarter alone, BEN released 30 aew versions of the basic systenr, most in




response to problems encountered by PARC users. This process required much patience on the
part of the users at PARC who were the guinea pigs for this experimental system. However, as a
result of PARC wusers serving this function, the number of bugs that were subsequently
encountered by users at other ARPA sites, and the consequent disruption of their work, were
greatly reduced. Finally, a fairly stable and robust system emerged and was released to the ARPA
community.

In addition to releasing the spughetti stack system to ARPA sites, we produced and provided
documentation for the new spaghetti stack system. In addition to providing reference material
that wuas later included in the new INTERLISP manual, this documentation was designed to aid
users in muking the conversion from the pre-spaghetti stack system to ihe new system. Ii
contaimed the results of our six months of experience with tne system: what things to look for in
the users code, how to rewrite them, pitfalls to avoid, subtle efficiency issues, etc. In addition to
the docementatim, W Teirelman visited srRI and 1st and presented seminars on the new system
and how to conert to .

A principal effort ducing the latter part of the contract year involved shaking down and
checking out the aewly released (by 8N) version of the basic INTERLISP system that employed a
new scheme for reoresenting the values of variables called "shallow binding."

"Deep binding,” t' scheme employed for binding variables previously in the [INTERIISP,
involved storing th: rame and value of the vartable on a stack. Accessing the value of a variable,
either to obtuin its ~aite or to assign it a new value, thus ivolved searching up the stack looking
for its binding. The wine required was proportional to the distance on the stack to its most
recent binding.

With shallow binding, a vaniable is bound by storing its value in a special cell associated with
the variable called its value celi The current, e old, value of the variable is then stored on the
stuck. Thus accessing a variable requires no searching at all, and simply involves accessing it:
value cell. However, binding and unbidieg are more expensive operations than under the deep
binding scheme. Furthermo: > spagh:te siack operations, ie. those that invoive switching
contexts. are also more expensive. However, preliminary measurements undertaken by BN and
PARC indicated that on the balan-e, shullow binding would be more efficient than deep binding,
since a considerable portion of the running time of a typical program was spent in looking up
free variables. Furtiiermore, shallew binding had the bencfit that programs that were rup
interpretively, as is usuaily the case when they are under development, would run much faster
than with deep binding. (Normally, «ificiersy arguments are considered with respect to the
finished product.  However, this overlooks the fact a significant portion of the uscage of
INTERLISP is in developing and experimenting with svstems. Thus, improvements in the running
of interpretive programs are important.) Shallow binding also provided the benefit that large
programs would not require the esoteric tuning and reconfiguring fo obtain maximal efficiency
that they currently did under deep binding.

Converting to shallow binding required an intensive amount of effort by BBN over a periol of
many months. The first shallow binding system was released to PARC on January 16, At that
point, we beean converting the INTERISP library to conform to the new hind:iag scheme Some
of the ditficulties that we had o the this conversion process sugeested changes which would
facilitate the conversion process for less experienced vsers, Inaddition, as is always the case with
so basic and pervasive a change to a large system, we found a nunibher of serious bugs both in the
basic system released by BBN and the corresponding compiler. As a result, our interactions with
BEN over the network were many ana varted.  For exampie, during one three day period in
January, 137 moessages were exchangad beiween parc and BeN. Fach time 1 bug was encountered,
we informed BBN (via the message factlity). When a new basic system was available which
repaired this particular problem, we would then ieload and continue with the conversion and
check out. This iteration frequently operated on a daily basis. For example, from January 16




when the shallow binding system was first released, through the end of the guarter, BBN released
34 different versions of the basic INTEREISE system, and 12 versions of the compiler. Each new
version required reloading the entire INTERIISP system. In addition, some  bugs  required
completely recompiling the INTERIEISP ibrary. As a result, enormous quantities 0o ¢PU time were
expended. For example, i January alone, we used  thirty caght hours of €Pt tine 1in this process,
almost twice as much as the next biggest user at PARC. (Actually, this compater tune wos donated,
since ARPA does a0t pay for the computer time used under this contract) When we rmally were
successful 1n converting the entire INFEREISE system and getting it to run, the noe experimental
system was released to users here at PARC, and they m turn began finding more bugs.

Meanwhile, we were dismaved by our anitial timings on the new system. At first, arograms ran
slower in the new snallow binding system than under deep binding. A lengthy sequence of
interactions with 8RN during which we timed and made adjustments and tumed some more
finally led to discovery of the criticat elements in the system, and in producing a ve sion of the
shallow binding system which achieved our expectations. It would be an understatement 1o
observe that the checkout and tuning of the shallow binding system waould have been extremely
difficalt, and taken much longer, had we not been able to interact with BN rapidly, as was
possible via the ARPA network.

“Insuring that new implementions of INTERIISP conform to INTERLISP standards.”

In order to provide some umformity for the various implementions of INTERLISP planned or
under developement, we decided to try to detine and  set dowr, on paper the speaifrcations for
an INTERUISP Virtual Machine, The virtual nrachme (or stmply vty s the underby e 1ISP system
on top of which s built the Targe and sophisticated cotlection of user support factlities which
make up the bulk of INTEREISE (such as DwIN, the procrammer’s assistant, ete.)., Thus, it vt Lise
is tmplemented oa some machie, the rest of INTEREISE can be obtamed from publicly available
files and simply loaded and run. The document which v prepared s essentially  an
implementor’s specification of va 1Ise for INTERTISE, Tt makes explicit (for the first time
anvwhere) exactly what an implementor has to provide in order to satisfy the assumptions of the
large collection of INTERLISE programs in existence. Foroexample, INTEREISE assumes the
existence of entities called atoms. Associated with each atom s a datum called ats value cell.
Vilues are obtwined via the function Griroevat, and set via the tunction serrorval, The
implementor is tree o represent atoms in any ta-on that  he chooses, so lTong as he provides
the tunctions GFETOPVAL and SETTOPVAL to anicrface the user’s programs with his particular
implementation.

The vM project produced an implementation=independent set of primitives for performing hasic
operations sech as inputZoutput, manipulating the stack, vencrating and handhng errors, ete. As
the project proeressea, o interacted ncreasingly with kex, who was responsthle for maintaining
that part of INTERTISP=10 which corresponded to the v M, We tried to reach agreement with BBN
on anything in the VAL speafication that would require o change to the INTERUISP-I6
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defimed i the vt must be provided an the v implementation for 1 1EREISP-10, the most widely
used implementation, or ¢lse the WA spectfication would just be an acadenmie exercise. This
constraunt injected a much aceded pragimatic note into the effort.

Wherever we  found implementation dependent prinvitives, and reached agreement with BBN on
how o express and provide these prinitives inan implementation independent manner, we
converted the corresponding INTERTISE proerams (o use the new prinnuses, Bt turned out that
many INVERLISE programs, inchiding o farpe portion of the INTERUISP system atselt, contamed
many hidden assumptions abaul the amplamentation, in this e INTTREISP=10 0on Teaex, To this




extent, they were machine dependent, and might not run on (or at least require som2 converting
to run on) some of the implementations of INTERIISP for other machines that were currently in
progress (not to mention the fact that the implementors had no nrecise guide of what was
expected of their implementations)  As a result of the VM project, most of the INTERLISP system
is now written m terms f implementation independent primitives described ta the Virtual
Machine Specification. Some parts of the INTERVISP system remained implementation dependent,
such as those programs which provided direct access to Tenex capabilities which were not
specified in the VM because they might not be avatlable in other implemiotziions.  These
programs were separated out and put in different files, Thus, at the end of the project, we had a
set of source files deseribing the bulk of the INTERLISP system in an implementation independent
manner.

This claim was then snccessfully put to o test by a project underway at PARC Lo implement
INTEREISP on a Neroo mini-computer. [ our supposedly implementation independent code
could in fact be transported from the ropr-10 o this nuni-computer and would in fact run, we
would have some evidence that these programs were machime independent, and that the
specificatons an the VA were sufticient to guarantee transportabihity, We were in fact able to
perform tins exercise. While this implementation of INTERUISE 15 not itself an aReA project, the
results of these efforts will greatly benefit B~Ns implementation of INTEREISP for the phP-11,
which 15 an ARPA project.

The Interlisp Virtual Machine Specitication Docniment s included (under separate cover) as part
of thic tingl report.




