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1. Introduction

I visited ICOT between 19 February and 8 March 1985 for collaborative
research. During the first few days, it became clesr that the topie:
®The Electronic Spreadsheet as a Subset of Prolog™ was of interest to
A. Takeuchi, M. Ohki, a2nd myszelf. Because of the prospect of being
able to finish a preliminary study on this topiec, I have spent meost of
my time on ik, Section two contains a brief report.

I have spent a littlé time on two other topics on which it appears
possible for the University of Waterleoo to collaborate with ICOT. Im
sections 3 and 4 I sketch the reascns why.

At ICOT I gave two seminars: one .on spreadsheets in logle, which 1is
the topic to the next section; the other on quantitative deduction
with title; "The game of quantitative rule~based reasoning and its
Fixpoint theary", As the latter topic is not further discussed in this
report, I will include here the abstraect of the talk.

"Logle programming prwidea a mude'J. for rule-based reasoning in expert
®systema, The advantage of this formzl model is that it makes available
"marur_ results from the semantics and proof theory of first-crder
fppadicate logle, A disadvantage iz that in expert systemsa one of ten
®yants to use, instead of the usual two truth values, an entire
feontinuum of Puncertainties™ in betwean.

" In this seminar I present an approach to generalizing the Tarskian
fgamantics of Horn clause rules bto justify a form of gquantitative
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"deduction. Each all.zuse receives a mmerical attenuation factor.
"Herbrand interpretaticons, whieh are subsets of the Herbrand base, are
fgeneralized to subsets which are fuzzy in the sense of Zadeh. Tals has
"as pleasing result that the fixpoint methed in the semanties of Hern
Palause rules can be developed in much the same way for the
fguantitakive case.

" As for proof theory, the interesting phenomenon is that a proof
Fshould be viewed as a two-person game, The wvalue of the game turns out
Tt be the truth value of the atomic formula to be proved, evaluated in
"the minimal fixpoint of the rule set. The analog of the Prolog
"interpreter for quzntitative deduction becomes a search of the game
“tree (= proof tree) using the alpha-beta heuristic well-known in game

Ttheory.

2. The electronic apreadsheet as a subset of Frolog

Ohld wrote to me in Waterloo before my visit to ICOT asking for
suggestions for a topic of collaborative research, I chose
spreadsheets because T was thinkdng about them at that time, although
I had written nothing about it yet. I had mentioned the topic only a
few t.i.m..es beforehand in meetings during th_ﬁ preceding weeks, My letter
replying to Ohki was the first time the idea was written down. Tais
served 23 basis for a proposal that IBM had reguested for research by
our group and which is now being considered for funding by IBH. This
proposal was the best available write-up when I arrived at ICOT. The
next step was to prepare a set of transparenciea for a seminar at
ICOT, These, together with an earlier paper on incremental queries (an
eassential component of the spreadsheet proposal), were circulated
among ICOT staff. Soon after, A. Takeuchi showed me an implementation
of incremental queries, the fipst I had ever seen. With this
encouragement, I started writing a proper report on the subject, while
Ohld took it upon him to write a spreadsheet Interface in Prolog. At
this point it became clear that it was appropriate to attempt to
finish the programs and the report before my return to Canada and that
the authors of the report should be Ohbld, Takeuchi and myself.

The work by Takeuchi and Ohld impressed me with its quality and with
the speed with which it was done. I am also impressad with the
effectiveness of DEC-10 Praolog. This was surely the right choice for
ICOT and it must have contributed considerably to the succes so far of
the FGCS project. In addition, I was surprised by the extent to which
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Frolog 15 a hacker's language. Of course I had seen systems tuilt such
as those by Hemmond at Imperial College or by my close collezgue
Goebel in Waterloo. But this was the first time I was more olosely
imvolved.

3. HMandala

Any attempt at evaluation of the Mandala project should besr in mind
two errors made by cutside observers, The first tyope is exemplified by
the book by Feigenbaum and MeCorduck. These authors claim that the
decision to base the FGCS project on logie progranming is basieally
wrong and that therefore nothing good can come of it. This type is
characteristic of those who btase theipr information on the stzte of AT
in the early seventies when it was generally believed that aoything

based on resclution theorem-proving was doomed to ineffectivaness,

Toe second type of error is made by some Western proponents of loglie
programoning. They claim that we do not know enough yet to ioplement a
knowledge reprezentation langmape based on logie, Implicitly they
expect the first attempt in this direction to be perfect. They will
view with suspicion an undertaling like Mandala, where ap attempt is
made to merge inkto a single system object-oriented programming,

amal gamation of metalevel and object-level language, parallelism and
rule-based inference.

I do not believe that Mandala will be the last word in this direction.
But I have every confidence that the result will be a worthwhile
improvement over currently existing languages (LOOPS, KEE, ete), #And
Mandala itself may be necessary, in an imperfect weorld, as the basis
of the pext step in the direction of a possibly feasible siopler, yet
more powerful knowledge repressntation language.

In Waterloo Unix Prolog Goebel and Cheng have implemented & oodule
facility. We have bean discussing extensions to this concept. The
experience with Mandala will be very useful in guiding us here. He
distinguish to aspects to module=: how they are statically related and
how they communicate.

Our modules are statically related by importing from or exporting to

other modules certain predicates. The motivation is to facilitatas
programming in the large. Mandala suggests that we look to the ideas
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of object-oriented prograrming, where not only enc2psulation is
achieved, but also hierarchical specification of types by mezns of
ipneritance of their properties. It is interesting to see whether
concepts originating in AT research have been adepted, wvia
object-criented programoing, in database desipgn end software

devel opment.

Our modules are only paraoetrized by predicates. Comparison with
object-oriented programming suggests that this is not enough, Consider
the archetypieal object: the Window. Its parameters ineclude real
nmbers for the coordipates. A module representing a window would
consist of rules specifying oow the'nhjact should react to messages
sent to it. In an instance of the window, the ecordinates would appear
25 constants in severzl rules. How would the paremeters appezr in the
uninatanbia:l;ed version of the window? Not as variables, beczuse these
are local the rule in which they ocour and the same parameter
typically ocours in several ru.lles. This cbservation suggests that our
modules should not only be parametrized by predicates, as they are
now. It suggests that terms should also be allowed in some form as

parasaetar,

Our modules communicate by means of gquestions and answers. We have
been considering how to implement this by means of the messages of the
Port operating system. We found some awkward discrepancies there. What
we have not done, and this is what the Mandala work suggests, is te
coppare our comounication method with the nmessages in object-oriented

progranming and the way these are implemented.

The general lesson that Mandala contains for us 1s that we should take
more seriously the rich experience, both in appliecation and in
implementation, contained in ocbject-oriented progreoming.

4. Logie for parallel processing

An important part of the long-term goals of the FGCS project is the
ability te utilize large-scale paralleliss. One of the reasons for
selecting logic as the basis of =software for mew-generation computers
is the promise of loEic for parallelism,

In 1982, the first year of ICOT, Shapiro unveiled his proposal for
Concurrent Prolog. During his visit te ICOT later that year, his first
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publications on thi=z tople were prepared, in collaboration with; and
with enthousiastie support of, ICOT staff. It should therefore be no
surprise that Concurrent Prolog has ‘continued to play an important
role in ICOT'=s work on parallelism,

Hewaver, Concurrent Proleg turns out to be diffieult to implement
realistically. Shapiro's own group has recognized this and is
proceeding with a simplified version ealled Flat Concurrent Prolog. At
ICOT a szimilar develoment has taken place, where it hes been decided
to wse Guarded Horn Clauses as kerpel of the kernpel language KEL1 for
the future Parallel Inference Machine, Before saying anything about
the features in Guarded Horn Clauses that differ from Concurrent

Prolog, I want to emphasize what the two have in common.

Concurrent Prolog and Guarded Horn Clauses have in common that the
ealls in 2 eclause are executed in an unspecified order, Each of these
calls selects freom among the available alternatives at most one and is
committed to this selection: there is no backtracking. Thus,
Concurrent Prolog and Cuarded Horn Clauses are both higher-level and
lower-level than Prolog. They are higher-level because the programmer
naad not be concerncd with the order of goals within the condition of
a clause. They are lower-level because of the absence of backtracking
makes it necessary to ensure that the correct altermative L3 selected
by a ecall.

Concurrent Prolog and Guarded Horn Clauses have in common the main
feature of the selection mechanisn for alternatives. The condition of
each clause is partitionsed into a guard and a body. In response to a2
eall, the guards of candidate clauses are executed in unspecified
order, The clause first reporting a completed guard iz irrevocably
selected. It is in the restrioctions on executing goals that Concurrent
Prolog and Guarded Horn Clauses differ.

Concurrent Prolog depends on the so-called read-only s--ctation on
\ra.riﬁbles. One problem in the definitien of Concurreni Zolog (to be
di=tinguished from the implementation problems) is in szecifying how
these annotations ipherit. In Guarded Horn Clauses therz are ne
annotations on variables., A clause cannot export any bizcings before
it is selected. It 1‘s suspended whenever it is about to sxport a
binding. #As 2 result it is net useful to write in Guarfed Horn
Clauses any gozl in a puard that would export a bindizg: such pgoals
have to be daferred to the body of the elause., As a rezult, Guarded



Horn Clauses, although loglecally equivalent to the corresponding
Prolog clause, often contain ciroumlooutions using "troe® and the
equality relation. These circumlecutions amount to a restriction in
the direction of data flow. One wonders whether, after 2ll, it might
be possible to obtain the goals of Guarded Horn Clauses &5y means of
annotations on terns, as these would make the clauses ezzier to read.

As with any proposal for parallel prograpeing in logle, ooe will not
an]':yr have to ask whether impl ementation is feasible, et also whether
it is sifficiently expressive. Consensus seems to be the: exhaustive
search cannot be implemented efficiently enough, Therefcce current
plans call for the kernel of KL1 to provide for Guardeé Sord Clauses
to be supplemented by a special pechaniszn for exhaustive search.

It is important that I tell my group in Waterloo about Zuzrded Horn
Clauses. Recem::l:.r Goebel has supervised an implesmentatica by H. Lee of
Concurrent Proleog in Port, a message-based operating sys-am developed
by the Port Grou'p in Haterloo. Goebel is keerly aware < the
difficulties in speeifying and implementing Concurrent olog. For me
Guarded Horn Clauses represant an encouraging new viewpzsiat, as it
promises te preserve the attractive features of Concurrsct Prolog
{espeeially by providing a connection between logie and
object-criented programming) while suggesting new impl esotation
poasibilities.

Another aspact of work in Waterleo that may be relevart To variants of
Coneurrent Proleog {Guarded Horn Clauses or other cnes) is the
conceptual development of Horn-claose interpreters basel directly on
Colmerauer's redriting model. In this model, Colmerauer Zmows how to
obtaln the results of Prolog computation by successivel? rewriting
palrs consisting of 2 sequence of goals and a set of ec=tions.
Ipitially the szet of egquations is empty. The rewriting t==minates
successfully if and when the set of goals becomes emptr. The rewriting
step consists of replacing a goal by a body of 2 rule apnd adding the
equation between the goal and the head of that rule, provided that the
resulbting set of equations is solvable.

In Waterloo we have studied the details of malding the transition of
one set of eguations to another in solved form. We subject the
equations to a eertain format that males them suitable for being
represented in & cooputer memory. Under the constraints of this format
the upifisation steps are restricted to be of certain types.
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Guarded Horn Clauses preszent the following idea which iz new to me. It
iz that paralleli=m in the exeoution ﬁf logic programs may be
controlled by having unification suspended at certain specific
conponents of 2 unification algorithm without the use of syntactiecal
annotations.  Our work on Colmerauer rewriting gives us a good
understanding of the componsnts involved in unification. I therefore
expect that we will be able to verify that Guarded Horn Clauses are
indeed the way to handle paralleli=m or else we may be able to find a
better variant.

5. Cooperation between the FGCS project and Canada

During the visit in the summer of 1983 of professors Wright and
Hanning of the Upiversity of Waterleoo discussions were opened, first
suggesting cooperaticen between ICOT and that University. Sinee then
ICOT has taken the point of view that it is more appropriate to
instigate a formal cooperation with & Canadian counterpart aof ICOT,
rather than with a single university.

The problem with this is that no such counterpart exists. However, it
was suggested that the Canadian Society for Fifth-Generation Computer
Rezearoh might be able to coordinate cooperation from the Capadian
end. Tt now seems that, if the Capadians ecan get their act together
{that is, complete the organization of the above-mentioned society),
the cooperation can go ahead. This will be a worthwhile thing if it
Eives more Canadian researchers an opportunity as worthwhile as the
ong I have had during my visit. It will be a challenge for Canadian
bost groups to provide as valuable opportunities for reclpreocating
ICOT workers.

6. Aclmowledments

I am grateful to Drs Fuechi and Furulawa for malking this visit possible
with firancial assistance of ICOT, lMany thanks are due to Hireyuld
Kusama of the Research Flanning Department for his care for all
aspecks of my wWell-beipg. His daily anticipation of my possible peeds
has greatly contributed to my productivity and to the enjoyment of oy
visit. Specizl thanks to Masaru Ohki who, assisted by Hajime
Kitaksai, went far beyond the call of duty helping me gét started on
the Tolyo treins and subways, finding my way around Tokyo in other
respects, serving as interpreter, and in many other useful ways.
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FResume of research career

1966:

1971:

1971 = 1972:

1972 =+ 1975:

1975 - present:

1380:

1982 - 1983:

Master's degree in engineering mathematics,
Technical University, Delft, Holland.

Ph.D. Computer Science,

University of Amsterdam, Amsterdam, Holland.

Work performed at the Mathematical Centre,
Amsterdam on information-theoretic data
analysis. Superviser: A. van Wijngaarden.

Summer wvisits to collaborate with D. Michie
at Dept. of Machine Intelligence, Edinburgh
University, Edinburgh, Scotland.

IBEM Postdoctoral Fellow,

T.J. Watson Research Center, Yorktown
Heights, N.Y., U.S.A.

Work on information-thecretic data analysis
and also on fixpoint theory of programming
language semantics.

Research Fellow at Dept. of Machine Intelligence,
Edinburgh University;, Edinburgh, Scotland.
Collaboration with- R. Kowalski on logic program-
ming.

Faculty member, Dept. of Computer Science,
University of Waterloo, Waterlco, Canada.
Research in logic programming.

Senior Visiting Fellow, Edinburgh University.
Collaboration with D. Michie.

Senior Visiting Fellow, Imperial College,

London, England. Collaboration with R. Kowalski,
K. Clark, D. Brough, J. Lloyd.



