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Introduction

By & generous invitation by Dr. Fuchi of ICOT I was able to spend one month
at ICOT (Feb 2 to Feb 28, 19%87).

The cbjectives of my stay were:

== To get an overview on current Japanese research in symbolic
computation (autcmated theorem proving, computer algebra, autcmatic
programming), in particular on the role symbolic computation plays in
the ICOT project.

== To get an overview on current Japanesa research in parallel
computation, in particular om the curremt state of the ICOT project
for & wuniversal parallel computer system for knowledge information
processing.

== To relate my own research and the research of +he Research
Institute of Symbolic Computatlon in Linz (RISC-LINZI) to ourrent
Japanese ressarch in symboliec and parallel computation.

- To preomote the presence of Japanese symbolie computation research
in the Jeurnal of Symbollie Computation.

== To promote future cooperation between ICOT and RISC-LINZ.

== To learn scme Japanese.

Seminar Lectures at ICOT

During my stay at ICOT I gave the following seminar lectures:
Feb 3, 10 - 12 am
Feb 5, 10 - 12 am
Feb 9, 10 — 12 am:

"Introduction to the Groebner Bases Method"
(for the TRS Working Group)

Feb 19, 15 =17 pm:

*The Parallel L=Languags and L-Machina™
{for the EKBM Working Group)



Feb 20, 14 -15 pm:

"Teaching and Research at RISC-LINZ,
the Research Institute for Symbolic Computatien in Linz"
{for the CAP Working Group)

Faeb 27, in the frame of +the 1987 Japanese Conference on Functional
Programmlng:

*Tha Parallelization of Critical-Pair/Completion Procedures on
the L-Machine”.

In the "Introduction to the Groebner Bazes Method" I provided several
details of proof technigues in thiz area and an overview on
applications. The Groebner bases method was introduced in my ph. d.
thesis and meanwhile has been successfully applied +to numerous
problemas in algebraic and gecmetrical computation including inverse
robot kKinematic,  solid modeling and gecmetrical theorem proving by
conputer. RISC~LINEZ has its strongest research tradition in this ares,
At the end of my lecture I formulated some research problems that in
sy judgement are promising for future research. These are:

1) parive algorithms for solving systems of eguations defined by
general first order terms by using similar techniques as used
for the solutions of algebraic systems based on Groebner bases
{see my recent survey on the GB method).

2) Give an axiomatic frame for ecritical-pair/completion algorithms
based on the motion of replacement and substitution and their
properties Koown from the Groebner bases context and the XKnuth-
Bendix cobtext (see my recent survey on critical-pair/completion
algorithms). The notion of a "Least Common Reducible® from my
reduction ring paper could provide the key technique for this
objective.

The level of detail I gave in this series of lectures paid off because
three concrete research and software projects by Sakai-san, Aiba-san
and Takayama-san were motivated by these lectures and could be
successfully completed duxing my stay (see below).

In the lecture on the "Parallel L~Language and the Parallel L~Machine®
I gave an overview on a research project +that is pursued under my
direction at RISC-LINZ since 1977. It has reached an intermediate
state by the successful realization of a pilot parallel machine for
s¥nbolic computation in 19584 and the implementation of cur parallel
high-lavel L-language on this machine in 1985, At present, plans with
industrial partners for the realization of the next wersion of the
L=machine and the L=language based om the transputer are daveloped,
The L—-language is the first language that allows the description of
logical intarcoennection topolegies between processes (inecluding the
use of recursion on size parameters) and seems to be an alternative to
the Guarded Horm Clause language of ICOT.

The workimg group on symbolic ocomputation at the University Linz has
been founded in 1374 under my direction wunder the name CAMP-LINZ
{"Cocmputer—Aided Mathematical Problem Solving™). After steady growth
over the years the Austrian Government has transformed the working
group 1986 into the "Research Institute for Symbolic Computation at
the University of ILinz" (RISC-LINE)}. Imn the lecture "Teaching and
Research at RISC-LINZ" I first gave an overview on the two teaching
projects pursued at RISC-LINZ. One is a special graduate curriculum



both for math and computer secience students (master's and ph.d.)} who
want to specialize in symbelic ecomputation. The core of this
curriculum are 30 courses that are offered by 8 faculty belonging to
RISC-LINZ. The 30 courses are grouped into courses on logic, algorithm
theory, semantics of programming languages, automated thecrem proving,
computer algebra, automatic programming, computational geometry,
symboliz computation languages and symbolic computation software
systems. The second teaching project is “"Math fox Cemputer Science
Undergraduates® and introduces math in a radical way by spending the
first semaster exclusively +o the training of predicate legic as a
working language for specification, knowledge darivation  and
algorithmic selution of problems. By these two teaching projects a
steady stream of highly trained students for symbolie computatien is
produced. The ocurriculum is open to foreign students. HResearch at
RISC-LIMZ is possible in all fields of symbolic computation and its
applications, At present 1t concentrates on Groebner bases, geo
theorem proving, decision algerithms for real algebraie geometry,
computer support for Gentzen type proving, term rewriting, parallel
symbolie computatien, 2 new computer algebra software system,
collision detection and inverse kinematics in robot programming,
molecule synthesis software., The RISC-LINEZ research facilities are
open for foreign researchers and industrial partmers.

Software Demonstrations by ICOT researchers

During my stay at TCOT I had the pleasure to have life demonstrations
of varisus ICOT software systems by the respective ICOT researchers
who work on the development of these systems, Roughly, I think I had a
chance to see all the software systems running that partain to the
area of term rewriting and automated theorem proving. In more detail,
the demos Were:

Constraint Logic Programming: by Alba-san,

Metis (5W aystem for operations on term rewriting systems): by
Sakai-san and JQusuga—san,

CAP Linear Algebra: by Eokubo—san and Fujita—-san,
Logic and Functional Frogramming System: by Ida-san.
Cemputer-Algebra System using partial evaluation: by Takewaki=san.

CAD support system for hardware design: by Ichikeo-san.

Dizcussions and Joint Research with ICOT Researchers

The discussions with ICOT ressarchers ware the main aetivity during =y
stay, From the discussions about waricous +technical aspects and
subproblems of the ICOT project I think I was finally able to oompose
a picture about the overall structure and state of the project and of
its future possible dimpacts. Thus, these discussions are of the
deepast value for me and T am very grateful to the ICOT researchers
who spent their time for these discussions. On the other hand, I hope
that by some of thase discussiens I ecculd contribute to some of the
mores technical subproblems of +the project. In fact, a numbar of
conerate working projects could be completed during my stay. Hare are
the details:
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Discussions with Sakai-san on a Groebner bases implementation in
PROLOG

Immediately after my Groebner bases lectures, Sakai-san started to
implement my Groebner bases algorithm in the Edinburgh PROLOG system
on the DEC 2060. I was very impressed by the short time in which this
implementation wag working in PROLOG. Also it was interessting for me
to see the Enuth-Bendix type strategy of pair selection implemented in
my algorithm whereas I so far considered other types of strategies. I
intend to conduct comparative research on this question in the future.
I hope that my advice on how to organize the reductien process ip the
algorithm and on the use of eriteria for cmmitting cartain eritical
pairs where of scme help for improving the efficiency of the
implemeéntation., T hope that the availability of my algorithm im an
ICCT seftware system will open waricus applications in the futura. One
of them was already started during my stay:

Discussions with . Aiba-san on Extending the Constraint Logis
Programming System:

Aiba-san is currently working on an implemsntation of a constraint
logie programming system. For the implementation of linear constraints
over the reals, Gauss' algorithm and the simplex algorithms are used,
It iz natural to attempt to use my Groebher bases algorithm for
covering & much broader class of constraints, namely non-lineax
algebraic equations. For these systems my algorithm allows not only te
determine all solutions if there are finitely many ones but also to
decide solvability and to compute the dimension of the solution space.
Sakai-sans implementation of my algorithm was linked to Aiba—sans
Constraint Logic Programming Implementation and successfully applied
to a2 number of intuitively appealing examples, The extansion to
nop-linear systems 1=z not yet available in other constraint logic
programming systems, I adviced the authors how thelr system could be
further extended by introducing

Collins' cylindrical algebraioc decomposition algorithm for the
first order theory of real closed fields and

by extending the Groebner bases method to more general systems of
first—order eguations.

Discussions with Takayama-san on & proof of the main theorem of the
Groebner bases theory in a constructive mathematics system:

After my Groebner bases lectures I suggested to try a computer—aided
preof of the main theorem of Groebner bases theory in the CAP system,
in particular the llpnesr algebra subsystem for testing out the
practical power of the system. This seemed to be a reasonable goal
gince I have given several feormally wvery detailed proofs of the
theorem in the Jlectures and in the papers. Instead Takayama-san
preferred to try the proof in the constructive QF proof system which
is not yet implemented. The proof could give valuable insights for the
future system Iimplementation. I carefully loocked through wvarious
versions of the proof and sketched some important proof structures for



the critical parts of the proof where the constructivistie nature of
the proof becomes particularly Aimportant. I found the cooperation
particularly enjoyable and hope that my comments could help te achieve
the desired goal in shorter time.

Discussion with Furukawa-san on Guarded Horpn—Clapse Programming:

Furukawa-san spent some time for explaining te me the basie idea of
GHC pregramming. I found this personal intreductien particularly
helpful. It saved me a lot of time in becoming acquainted with this
important eoncept. I learned that the idea of GHC seems to be of
central importance for making legiec programming practically amepable
to parallel execution, After having wunderstood the basic idea of GHC
programming I am now eager to make a comparative investigation on the
power of GHC formulation .of parallel interconnection topologies (which
aze oly implicit in GHC) and the explieit formulation of
interconnection topologies in my own high-level parallel L-language.

Discussicns with Ichiko—san on Formal Description of Parallel
Computational Structures for Hardware Realization:

Tchiko-san was familiar with my L-language and L-machine papers and
was interested in investigating the potential wuse of the L-language
formalism feor the flewxible  Thigh=level description of parallel
algorithms and their compilation inte parallel hardware structure.
This has been one of Ichiko-san's wain research topics over the years.
We szpent relatively much +time for going into the details of the
problem and trying out some examples and made some tantative plans for
cooperation on this important problem.

Discussion with Goto—san, Chikayama—-san and Mr.Tick on the Future
Etmq-l-_ur& of the PIM

This discussion was of particular importance for me because it gave me
- hopafully — a very clear picture of one of the central issues of the
ICOT projact: the intended parallel hardware. I understood from the
dizcussion that ICOT at the moment does not want to make any
commitments regarding the final interconnection topology of the
parallel inference machine. Rather, research at ICOT — at least for a
while - will still continue to emphasize the study of parallel
algorithms, in particular their leecality and tha language constructs
necessary for describing algorithmic 3ideas in a high-level language.
The high-leval language on which regearch is conecentrating at ICOT is
GHC. T also learned from the discussion that one sees at ICOT that the
expressive power of GHC is mnot sufficlent for describing efficient
embeddings of GHC generated processes inteo the processor landscape of
a concrete machine, Thus, pact of the research iz also devoted to
studying possible extansions eof the GHC language for describing
embaddings. Of course, a main research topic is execution stratagies
for high—level language parallel programs on a variety of machine
modals, In comparisen, Goto-san was particularly interasted in the
paralllel language and hardware structures we realized in the
L-project at RISC-LINZ and I explained the relevant features of our
approach in great detail ineluding some new features sbout the next
version of the L-language which are not yet published.



Discussion with ¥Yokol-san on the Overall Structure of ICOT Automatic
Programming Tools:

This discussion at the very end of my stay was very important for me
because it showed me that the various automatic programming toeols I
had seen in the lst Lab indeed mesat some common objective and are not
a mere juxtaposition of experiments with known methods. I learned that
methods are chosen froa the point of view whether or not they ecan
contribute to transforming problem specifications into GHC logic
programs.

Discussion with Morita-sam  on Unification Based Xnowledge Base
Machines

fince my own research had never touched the area of data and knowledge
base computation the presentation of Morita-san added a truely new
facette to my wunderstanding of the ICOT project. I really was
impressed by =seeing how sytematically the devetion to logic as a
ccmputer language is also realized in the knowladge processing branch
of the project. Particularly, I of course am very sympathetie with the
idea of wsing unification as the basic operation in knowledge
retrieval and the realization by a dedicated parallel hardware,

Japans Presence in the Journal of Symbolic Computation

The Jourmal of Symbolic Computation was founded 4im 1985 by Academic
Press and I was asked to act as its first BEditor-in—Chiesf. bDr. Fuchi
of ICOT and Prof. Gote of RIKEN agreed to represent Japan on the
editorial board of the journal. It was one of the intentions of my
stay in Japan to premote the presence of Japanese research in the
Journal of Symbolic Computation. I learped that some Japanese
researchers were not sure about the scope of the journal and T think I
have been able to clarify matters on the basis of the editerial of cur
journal (see Vol. 1/1 of the Journal of Symbolic Computatien). The
main poipt is that, while it iz true that the journal covers

algorithms,
software systems and
applications

of symbolic computation, its emphasis 1ias3 an algor
ithms and software systems that have reached already a certain
degree of maturity. Applications are only treated in the form of
ghart T"application letters" with réference to long papers in
application journals (for example, physies journals or artificial
intelligence journals)., Thus, the core of the Journal of Symbelie
Computation is the description, verification, mathematical foundation
and analysis of algeéexrithms in the wvariocus subareas
of symbolic computation, mainly in

sutomated theoram proving,
computer algebra,
automatic programming and
computational gecmetry.

I gave short overviews on the scope of the joural at all institutions
I visited in Japan, see below, Furthsrmore, I came up with the idea of
having & special issue of the journal exglusively deveoted to "Symbolic
Computation in Japan". I discussed this idea with Dr, Fuchi and Prof.
Goto and a number of other Japanesa ressarchers on occasion of my



visits te wvarious Jepanese research Ainstitutions. The idea found
emphatic support. Thus we decided to launch such an 4issue and I am
happy to aoncunce that the following Japanese researchers agreed to
serve as guest-editors for this special issua:

pr. T. Ida {(ICOT TRS working group)
Dr. T. Sasaki (RIKEN)

Prof. R. Hakajima (U of Kyoto)

pr. ¥. Putamura (Hitachi).

The projected appearance date of the special issue iz the end of 1988,
Furthermore, during my stay in Japan, I managed to work on the fipal
varsions of two papers by Japanese authors that will soon appear in
the Journal of Symbolic Computatieon:

5. Sakata.

Finding a Minimal Set of Linear Recurring Relations Capable of

Genaration a Given Finite Two-dimensional Array.

Eobayashi.

Tha Solution of Algebraic Systems of Equations Using Factorization

of U-Resultants.

Both papers are intimately connected with Groebner bases.

Vigits to Other Japanese Research Institutions

Duxing my stay at ICOT in February 1987 I also wvisited some other
Japanese research institutions or had mesting with researchers from
other institutions:

Feb 4, Hihon University:

I gave a three hours introductory seminar on Groebner bases and
discussed various research toplos in computer algebra with Prof.
Fobayashf and his group, in particular the application of Groebner
bases to the solutionm of algebraic systems of egquations,

Feb 4, meeting with Prof. Fatsura of Tohoku University:

Prof. Katsura met with me at Nihon U in eorder to discuss the
application of Groebner bases to some special systems of equations
ocaurring in theoretical physiecs.

Feb 6, Hokkaido University:

I was invited to meest with Prof. Yamamoto and Prof. Toshima, Prof.
Yamamoto showed me his new implementation of REDUCE on microcomputers,
vwhich i= significantly faster than A. Hearn's origiral implementation.
Prof. Toshima wanted to discuss with me some applications of computer
algebra in the aducation of math students. During my stay I was also
introduced to the director of the BUG software company, MHurata—san,
who specializes in the preduction of commercial computer algebra
systems on mieres. Prof. Yamamoto showed me alse his CAD system and
wanted to learn about the use of Groebner - bases for parameter
representations of intersection curves.
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Feb 26, participation in the 1987 Japanese Computer Algebra Mesting
at RIKEN:

This one-day meeting was organized by T. Sasaki., By the lectures
presented, 1t gave me a good insight inte present research theames and
working groups in computer algebra im Japan. The meeting alsoc gave an
epportunity to annoumce the special issue on "Symbolie Computation in
Japan” of the J5C.

Faeb 27, participation in the 13587 Japanese Meeting on Functional
Programming at RIKEN:

Thiz one-day meeting was organized by T. Ida. I gave a lecturs on
"The paralellization of Critical-Pair/Completion Procedurss on the
L-Machine.* The corresponding paper will appear in the proceedings.
It was possible during this meeting to see many of the researchers
on TRS and to announce the special issue of the JSC on “Symbolic
Computation in Japan® and to sellicitate papers.

Conclugions anpd Outlook

The cbjectives of my stay as outlined inm the itroduction have bean
achieved to different extent:

ICOT and Japanese research in symboliec and parallel computation and
relation to RISC-LINZ research:

By the many discussions and interactlions with researchers frem wary
different working groups I think I was able +to acquire a relatively
wall structured pleture about the present state of the ICOT project,
in particular the ICOT xesesrch in symbolic computation and in
parallel language and hardware., In addition, I think I now have also
an overview on Japanese working groups in computer algebra and theorem
proving all over the country, which will be particularly useful for
the further -development of interactions between Japanesa research
community and the Journal of Symbolic computation.

Comments on Management and Strategies:

The ICOT project 4Lis surely unigue in the warld. The kind of
coordination for the sclentific work of such a large group of top
exparts towards achieving a common goal is truely remarkable, Tt was
particularly interesting for me +to compare - during the . same
sabbatical = the ZAmerican and the Japanese strategy promoting
solentific execellence.

Roughly, I have the impression that America's strategy - implicitly,
i. e. without being ever formulated as a program — is as follows: The
country is extramely open for integrating foreigners. During my
gabbatical I learned that, for example, in American computer science
departments 60 % of the faculty are foreigners. Researchers are
granted an extreme amount of f£reedom in choosing rasearch goals,
normally work in very small groups and thus the intellectual potential
of the whole world is made working to produce new ideas, The best 10 %
of these ideas are taken by private companies and are marketed as
products.
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ICOT's strategy is very different. There is the concentration of a big
group apd a predefined common goal, alsoc a great extent of
identification with Japan as a nation and alss a certain extent of
commitment to one basie idea (predicate logic on a prallel machine).
The project exclusively zelles on Japanese researchers. It is wvery
hard to predict which of the strategies will bes more successful.

For the time being, I drew the following personal conclusions:

a. In any case, the completion of the ICOT project will make the
Japanese absolute leaders in research on the gpecial topie of parallel
implementation of logic programming languages.

b. The effect the project has a= a positive impulse for Japanese
computer industry is surely dramatic not regarding wether or not the
predefined goal of the project can be achieved or not and whether ox
not & parallel logie machine will be drastically superier to any of
the alternative architectures.

a, I found the integration of rescarchers from Japanese induostrial
research labs into the ICOT project an extremely good idea. Not only
can the experience of these researchers be used as an input for the
project but also, conversely, a steady stream of high-quality
education by research takes place at ICOT and will fertilize Japanese
computer industry.

d. Both Ameriea's strategy of "a t tra ot io n" and Japan's
strategy of "¢ one ent ra tieo n" is in sharp contrast to
Austria's "strategy®, which roughly is a strxategv of "d i £ fus i o
n": by tradition, Austria steadily produsces highly-trained specialists
in Austrian universities, then we let the alumnis geo +to other
countries for work and, finally, Austria is proud that RAustrians
successfully work abroad. It is clear that this “strategy®™ can pot
work for long time and I will devote more effort than so far to make
thig viecious cirele clear to the Rustrian government.

e. T think, in the long run, Japan would be wall advised to integrate
more foreign researchers imte its high—tech projects (not only as
vigiters but, in the "hmerican” style, as employees), 1 guass the
EFATO project is a step into the right direetien.

Comments on Parall el Language and Parallel Hardware:

I locked to the present state of ICOT's research in parallel language
and parallel hardware from the point of view of comparison with other
parallel cemputation projectz I have seenm in the last year (there is a
parallel computation project in nearly every American CS dapartmant! )
and frem the point of wview of my own project on the parallel
L~language and parallel L-machina.

In the area of languages I was very impressed by the elegance provided
by GHC for implicitly expressing parallelism ir algorithms, in
particular, the dynamic spawning of subprocaesses. Roughly, I think
that parallel languages, in addition to language constructs for

communication and synchronization,
in the future must provide language constructs
for describing logical interconnection topologies between
subprocesses and
for daseribing the embedding of the logical interconnection

topologies into concrete wachine topolegles (e.9. meshes of
clusters).



The L-language has

language constructs for tha explicit (recursive and iterative)
description of logical intercomnection tepologies and
language constructs for describing embeddings.

The GHC language has

no language constructs for topelegy descriptions and
language constructs for embedding are now designed.

Thus, the main difference between GHZ and L-language is whether
topologies are described implicitly or explicitly. At the moment, I am
not sure which one is more desirabla:

impliecit deseription may be more elagant,
explicit desoription iz often morée natural.

I intend to study this guestion in more detail in the near future.

On the parallel hardware side I learned that ICOT does not intend to
make a commitmeant to a partioular architecture. ICOT conceptrates
on two—lewvel clustared mesh structures and wants toc study execution
strategies for parallel GHC programs in such structures in the next
future. This corresponds wvery much with the present situatison of the
L-project. We already tried out one particular very densely
interconnected structure im the last years (the "L-machine®} and now
are planning to study L-language implementations on not so dense
structures using commercially available components like the transputer,
which was not possible some years ago. I have the feelig that in the
area of hardware topologies and corresponding execution strategies
the varicus research groups are all in a very similar state of seeing
the problems but not having a really attractive solution that could
be considexed asz a breakthrough. Maybe, this area will not provide
a "breakthrough" but, hopafully, some good ccmpralists.l

Comments on S ymbolic Computation:

The symbolie compuetation projects (term rewriting, preof checking,
synthesis from constructive proofs, constraint computation;
simplification by partial evaluation, inductionless induction) at ICOT
are closest to my main research area. The main ideas of these projects
were known to me from the literature, I enjoyed the ioteractions with
ICOT resesarchers on technical questions of thase projects, I was first
confused about how these subprojects fit into the overall ICOT project
goal of autmatic programming because, at first sight, the selection of
the concrete symbolic computation projects seems to be quite random.
The discussion with Yokol-san was central for my understanding of how
the subprojects fit inte the everall goal. 5till, I gquess that for
making autcmatic programming a practically attractive tool {or met of
tools) in the final pilot ICOT system, research in this area should be
significantly expanded in two directions:

I think that in the current international literature many more
promising methods are available than the few pursued at present
at ICOT (e.g. Mamna's approach, Collins' algorithm, Boyer-Moore
approach, Bibel's approach):

criginal resesrch on the transformation of predicate loglec speci-
fication into logic programs by computer—aided proofs of algorith-
mically useful theorems would be necessary.

Worldwide, I think, very few creative ideas have been produced 1In the

latter area and I could imagine that a research concentration of some
formally well trained yvoung researchers im an exploratory research



effort should be able te produce some significant progress.

Seeing the ICOT research in symbolic computation also gave me a lok of
insight for assessing RISC-LINZ research and teaching in symbolic
computation. I started this teaching effort in 1974, How 8 faculty
are exclusively devoted to this graduate curriculum comprising about
30 special courses in symboliec computation with an emphasis on formal
and creative research training. ICOT reseaxch oriemtation showed and
encouraged me that weé aze on the "right track” and I will emphatically
continue to expand RISC-LINZ as a research and teaching center in
symbolic computation.

Promotion of Japanese Research Presence in the Journal of Symbolie
Computation

I think that this objective of my stay has bean fully achleved by the
design of the special issue "Symbolic Computation in Japan® planned
for 1988, I am really excited about this prospect and I could imagine
that this project has various extremely positive effects for all
partners cooperating im this endeavor. By +the purely Japanese
editorship of this special issue it ghould truly reflect Japan's
important contributicn to the £is1d and stimulate a lot eof selentific
{interaction with the international research community in particular
alse in the algorithmic foundations of the field. It also should have
the effect of establishing the JSC as a publication forum for Japanese
research 1n symbolic computatien.

Future Cooperation between ICOT and RISC-LINZ

I hope of course that research contacts can be expanded in the future
ard T am grateful for the possibilities Mr. Kusama anncunced for
sending faculty and ph.d, stodents from RISC-LINE to ICOT for short
term visits. However, I think that the axhange should be two-way and I
will de everything I can to make visits of ICOT researchers possible
at RISC-LINE.
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