
Lecture Notes in 
Computer Science 
Edited by G. Goos and J. Hartmanis 

487 

Arndt Bode (Ed.) 

I I II I 

Distributed Memory 
Computing 
2nd European Conference, EDMCC2 
Munich, FRG, April 22-24, 1991 
Proceedings 

Springer-Verlag 
Berlin Heidelberg New York London Paris 
Tokyo Hong Kong Barcelona Budapest 



Editorial Board 
D. Barstow W. Brauer P. Brinch Hansen D. Gries D. Luckham 

C. Moler A. Pnueli G. Seegmüller J. Stoer N. Wirth 

Volume Editor 

Arndt Bode 
Lehrstuhl für Rechnertechnik und Rechnerorganisation 
Institut für Informatik der Technischen Universität München 
Postfach 202420, Arcisstr. 21, W-8000 München 2, FRG 

CR Subject Classification (1991): C.1, C.4, 8.3, 0.1, 0.4, J.2 

ISBN 3-540-53951-4 Springer-Verlag Berlin Heidelberg New York 
ISBN 0-387-53951-4 Springer-Verlag New York Berlin Heidelberg 

This work is subject to copyright. All rights are reserved, whether the whole or part of the material 
is concerned, specifically the rights of translation, reprinting, re-use of illustrations, recitation, 
broadcasting, reproduction on microfilms or in other ways, and storage in data banks. Duplication 
of this publication or parts thereof is only permitted under the provisions of the German Copyright 
Law of September 9, 1965, in its current version, and a copyright fee must always be paid. 
Violations fall under the prosecution act of the German Copyright Law. 

© Springer-Verlag, Berlin Heidelberg 1991, corrected publication 2021 

2145/3140-543210- Printed on acid-free paper 



Preface 
The second European Distributed Memory Computing Conference, EDMCC2, was held 
at Technische Universit£t Mfinchen, April 22-24, 1991 and organized by the relevant Tech- 
nical Committees of the German Associations for Informatics (GI) and for Information 
Technology (ITG) and the German Science Foundation (DFG) in cooperation with IFIP 
Working Group 10.3. The first conference focused on hypercube architectures and was 
held in Rennes, France, in 1989. 

Even though a number of specialists in computer science since the mid-1970s have 
predicted that multiprocessor systems will gradually replace the classical pipelined vector- 
supercomputers, this has not happened yet on a large scale. On the other hand, after a 
large number of research projects and scientific prototypes of distributed memory com- 
puters, several commercial products in the field have become a success all over the world. 
The perfect distributed memory architecture still does not exist, and the field is charac- 
terized by large research efforts. The organizing research group (Sonderforschungsbereich 
342 "Methods and tools for the use of parallel computer architectures") consisting of about 
80 academic staff at Technische UniversitSt Mfinchen and Siemens Corporate Research is 
only one example of such activity. Whereas in the past decade, research has been oriented 
towards systems hardware, interconnection, processor and memory structure, it is now 
felt that the ease of use offered by the systems software, programming model, development 
tools and application-oriented program libraries will decide the success of such architec- 
tures. Again, new hardware architectures are in development that aim at virtualizing the 
concurrency of the underlying hardware to the user in the sense that the user will be 
offered compatibility up to object-code with conventional (sequential) computers> virtual 
shared memory, virtual distributed I/O, virtually completely interconnected multipro- 
cessors, etc. On the way to this ambitious goal, (semi-)automatic tools for parallelizing 
compilers, load balancers, etc., are in development. 

On the other hand, it is very well known that the best sequential algorithm is not 
necessarily a good algorithm to be executed on a parallel machine. Therefore, research 
for good parallel algorithms in all areas of computer applications is needed. Where new 
software for parallel architectures is beeing created, unconventional programming lan- 
guages, execution paradigms (dataltow, reduction machines, neural nets, etc.) will be 
used. These last topics have been ruled out of the scope of the conference by the program 
committee. This decision reflected the fact that far more than 100 contributions were 
submitted to the conference, only some of which could be accepted as full papers in order 
to keep the conference within reasonable size and the proceedings readable. The inter- 
est in distributed memory computing is still growing and a number of very challenging 
research topics are to be solved in the future. 



IV 

The conference was sponsored by: 

GI FB 3.2.1 

GI FB 4 

ITG FA 4,1 

SFB 0342 

ERCIM 

Gesellschaft ffir Informatik, Paxallel-Algorithmen, Rechnerstrukturen 
und Sprachen 

Gesellschaft ffir Informatik, Informationstechnik und Technische Nut- 
zung der Informatik 

Informationstechnische Gesellschaft, Rechner und Systemarchitektur 

Sonderforschungsbereich "Methoden und Werkzeuge ffir die Nutzung 
paralleler Rechnerarchitekturen" (Deutsche Forschungsgemeinschaft) 

European Research Consortium for Informatics and Mathematics 

I would like to thank the sponsoring organizations and Technische Universit£t Mfinchen for 
their support, the invited lecturers, the authors of papers and posters and the exhibitors 
for their contribution, the members of the program committee, the other reviewers, the 
chairpersons of the sessions for their help in preparing this event, the attendants of the 
conference for their interest in the field, and last but not least, all the members of the 
organizing committee of the Institut ffir Informatik and SFB 342 at TU Mfinchen who 
have helped make this event a success. 

Mfinchen, Spring 1991 Arndt Bode 



Program committee members 

C. Addison W. H~ndler 
F. Andrd R. Hempel 
K. Antreich F. Hofmann 
T. Bemmerl C. Jesshope 
A. Bode B. K£gstrSm 
W. Brauer P. Leca 
R. Chamberlain P. Mfiller-Stoy 
M. Cosnard J. Nehmer 
E. Dagless T. Priol 
W. Giloi P. Quinton 

K. Reinartz 
G.L. Reijns 
D. Roose 
T. Schwederski 
M. Valero 
M. Vanneschi 
J.P. Verjus 
K. Waldschmidt 
C. Whitby-Strevens 

Reviewers 

C. Addison H.-C. Hoppe J.-L. Pazat 
F. Andrd G. Howard J. Peters 
K. Antreich C. Jard B. Plateau 
E. Ayduade M. Jazayeri D. Pretolani 
F. Baiardi Y. Jegou T. Priol 
G. Balbo T. Jeron G.L. Reijns 
J.-P. Banatre C. Jesshope K.D. Reinartz 
T. Bemmerl J.M. Jezequel W. Reisig 
A. Bode P. Joubert H. Ritzdorf 
G. Bolch B. K£gstrSm J.L. Roch 
K. Borg M. Kunde B. Rochat 
R. Chamberlain C. Labit D. Roose 
J. Cook K.-J. Lange M. SchMer 
M. Cosnard E. LindstrSm A. Schfiller 
E. Daglcss P. Ling Ph. Schwebelen 
L. Edblom F. Malucelli A. Strey 
J. Eriksson A.C. Marshall E. T~rnvik 
W. Ertel E. Masson T. Tensi 
J.S. Fakis F .  Mattem D. Trystram 
G. Fritsch A. McKeeman M. Valero 
U. Furbach H. Mehl M. Valero-Garcia 
A. Gonzalez H. Mierendorlf M. Vanneschi 
M. Gutzmann P. Mfiller-Stoy K. Waldschmidt 
W. H~ndler J. Nehmer D. Watson 
R. Hempel A. Niestegge C. Whitby-Strevens 
D. Herman T. Orci T. Wiberg 
F. Hofmann P. Quinton 



Organizing committee members 

T. Bemmerl (chairman) 

P. Braun 

D. Hampel 

H. Klaskala 

B. Ries 

T. Treml 

R. Wismfiller 

Session chairpersons 

Session 1.1 "Virtual Shared Memory": 

Session 1.2 "Tools" (1): 

Session 2.1 "Interconnection Problems" (1): 

Session 2.2 "Applications" (1): 

Session 3.1 "Systems Software": 

Session 3.2 "Tools" (2): 

Session 4.1 "Programming Languages and Algorithms": 

Session 4.2 "Alternative Execution Models": 

Session 5.1 "Applications" (2): 

Session 5.2 "Tools" (3): 

Session 6.1 "Operating Systems and Related Topics": 

Session 6.2 "Systems" (1): 

Session 7.1 "Interconnection Problems" (2): 

Session 7.2 "Systems" (2): 

Session 8.1 "Tools" (4): 

T. Priol 

B. K£gstr6m 

K. Waldschmidt 

D. Roose 

F. Hofmann 

R. Chamberlain 

W. Brauer 

W. Hgmdler 

M. Cosnard 

P. Mfiller-Stoy 

J. Nehmer 

C. Jesshope 

T. Schwederski 

K. Reinartz 

F. Andr6 



Contents 

I n v i t e d  L e c t u r e s  

The New Age of Supercomputing 
J. Rattner (Intel Scientific Computers, Portland, Oregon, USA) . . . . . . . . . . . . . . . . . . . . . .  1 

The Next Generation Transputers and Beyond 
D. May (Inmos Limited, Bristol, U.K.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 

V i r t u a l  S h a r e d  M e m o r y  

A Distributed Implementation of Shared Virtual Memory 
with Strong and Weak Coherence 
W.K. Giloi, C. Hastedt, F. Schoen, W. Schroeder-Preikschat 
(GMD FIRST, Berlin, Germany) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23 

Store Coherency in a Parallel Distributed-Memory Machine 
L. Borrmann, P. Istavrinos (Siemens AG, Mfinchen, Germany) . . . . . . . . . . . . . . . . . . . . . .  32 

Using a Weak Coherency Model for a Parallel Lisp 
C. Hammer, T. Henries (Siemens AG, Mfinchen, Germany) . . . . . . . . . . . . . . . . . . . . . . . . . .  42 

Flexible User-Definable Memory Coherence Scheme in 
Distributed Shared Memory of GALAXY 
P.K. Sinha, H. Ashihara, K. Shimizu, M. Maekawa (University of Tokyo, Japan) . . . . .  52 

T o o l s  

Parallelization of Multigrid Programs in SUPERB 
M. Gerndt (Universit~t Wien, Austria) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  62 

Mapping Graphs onto a Partially Reconfigurable Architecture 
P. Chr~tienne, F. Lamour 
(Universit$ Pierre et Marie Curie, Paris, ONERA, Chatillon, France) . . . . . . . . . . . . . . . .  73 

SIMPLE: a Performance Evaluation Tool Environment 
for Parallel and Distributed Systems 
B. Mohr (Universit~t Erlangen-Nfirnberg, Germany) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  80 

Interleaving Partitions of Systolic Algorithms for 
Programming Distributed Memory Multiprocessors 
A. Fernandez, J.M. Llaberfa, J.J. Navarro, M. Valero-Garcfa 
(Universitat Polit~cnica de Catalunya, Barcelona, Spain) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  90 

Partial Ordering of Synchronization Events for Distributed 
Debugging in Tightly-coupled Multiprocessor Systems 
G.J.W. van Dijk, A.J. van der Wal 
(Eindhoven University of Technology, The Netherlands) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 



VIII 

A Development Environment for Distributed Systems 
S. Chaumette, M.C. Counilh (Universit6 de Bordeaux, Talence, France) . . . . . . . . . . . . .  110 

Monitor-Supported Analysis of a Communication System for 
Transputer-Networks 
C.-W. Oehlrich, P. Metzger, A. Quick 
(Universit£t Erlangen-Nfirnberg, Germany) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  120 

An Integrated Environment for Programming Distributed Memory 
Multiprocessors 
T. Bemmerl, A. Bode (Technische Universit£t Mfinchen, Germany) . . . . . . . . . . . . . . . . .  130 

Optimal Multinode Broadcast on a Mesh Connected Graph with Reduced 
Bufferization 
A. Touzene, B. Plateau (LGI-IMAG, Grenoble, France) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  143 

Adaptive Irregular Multiple Grids on a Distributed Memory 
Multiprocessor 
J. De Keyser, D. Roose (Katholieke Universiteit Leuven, Heverlee, Belgium) . . . . . . . .  153 

An Object-Oriented Interface for Parallel Programming of 
Loosely-Coupled Multiprocessor Systems 
T. Ungerer, L. Bic 
(Universit£t Augsburg, Germany, University of California, Irvine, U.S.A.) . . . . . . . . . . .  163 

On Automatic Loop Data-Mapping for Distributed-Memory 
Multiprocessors 
J. Tortes, E. Ayguad6, J. Labarta, J.M. Llaberla, M. Valero 
(Departament d'Arquitectura de Computadors, 
Universitat Polit6cnica de Catalunya, Barcelona,Spain) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  173 

I n t e r c o n n e c t i o n  P r o b l e m s  

Efficient and Scalable Logical Busses for Message-Passing 
Interconnection Networks 
H. Scheidig, M.F. Schneider, R. Spurk 
(Universit£t des Saarlandes, Saarbrficken, Germany) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  183 

Performance Benefits from Locally Adaptive Interval Routing 
in Dynamically Switched Interconnection Networks 
H. Hofest~dt, A. Klein, E. Reyzl (Siemens AG, Mfinchen, Germany) . . . . . . . . . . . . . . . .  193 

An Optimal Structure that Accommodates both a Ring and a Binary Tree 
Xiaohong Xie, Youmei Ge (Oxford University, U.K.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  203 

A Scalable Communication Processor Design supporting Systolic Communication 
H. Corporaal, J.G.E. Olk 
(Delft University of Technology, Delft, The Netherlands) . . . . . . . . . . . . . . . . . . . . . . . . . . .  213 



IX 

Simulation Facility of Distributed Memory System with "Mad Postman" 
Communication Network 
V.S. Getov, C.R. Jesshope (Bulgarian Academy of Sciences, 
Sofia, Bulgaria, University of Surrey, Guildford, U.K.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  224 

On the Design of Deadlock-Free Adaptive Routing Algorithms for 
Multicomputers: Theoretical Aspects 
J. Duato (Universidad Politdcnica de Valencia, Spain) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  234 

Applications 

Parallelization of Lee's Routing Algorithm on a Hypercube Multicomputer 
T.M. Kurd, C. Aykanat, F. Er§al (Bilkent University, Ankara, Turkey) .............. 244 

Experiences in Parallelizing an Existing CFD Algorithm 
T. Bemmerl, U. Graf, R. KnSdlseder (Technische Universit~t Mfinchen, 
Gesellschaft ffir Reaktorsicherheit, Garching, Germany) ............................ 254 

Simulation of the MC88000 Microprocessor System on a Transputer 
Network 
A.R. Robertson, R.N. Ibbett (University of Edinburgh, U.K.) ....................... 264 

A Domain Decomposition Method for Scattered Data Approximation 
on a Distributed Memory Multiprocessor 
L. Bacchelli Montefusco, C. Guerrini 
(University of Messina, University of Bologna, Italy) ............................... 274 

Nonlinear Adaptive Finite Element Systems on Distributed Memory Computers 
S. NSlting (Universit~t Stuttgart, Germany) . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  283 

Parallel Algorithms for the Direct Solution of Finite Element 
Equations on a Distributed Memory Computer 
O. Zone, R. Keunings, D. Roose 
(Universitd Catholique de Louvain, Katholieke Universiteit Leuven, Belgium) . . . . . . .  294 

Systems Software 

Implementation and Evaluation of Distributed Synchronization on a 
Distributed Memory Parallel Machine 
A. Couvert, R. Pedrono, M. Raynal (IRISA, Rennes, France) . . . . . . . . . . . . . . . . . . . . . . .  304 

Efficient Execution Replay Technique for Distributed Memory Architectures 
E. Leu, A. Schiper, A. Zramdini 
(Ecole Polytechnique Fdddrale de Lausanne, Switzerland) . . . . . . . . . . . . . . . . . . . . . . . . . . .  315 

Distributed Heapmanagement using reference weights 
H. Corporaal (Delft University of Technology, The Netherlands) . . . . . . . . . . . . . . . . . . . .  325 



× 

P r o g r a m m i n g  L a n g u a g e s  a n d  A l g o r i t h m s  

Code Generation for Data Parallel Programs on DMPCs 
J.-L. Pazat (IRISA, Rennes, France) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  337 

OAL: an Implementation of an Actor Language on a Massively Parallel 
Message-Passing Architecture 
J.-L. Giavitto, C. Germain, J. Fowler 
(Universit6 de Paris XI - Orsay, France, University of Edinburgh, U.K.) . . . . . . . . . . . . .  347 

Implementing Committed-Choice Logic Programming Languages on 
Distributed Memory Computers 
A. Cheese (Siemens AG, Mfinchen, Germany) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  361 

A Shared Environment Parallel Logic Programming System on Distributed 
Memory Architectures 
S.A. Delgado-Rannauro, M. Dorochevsky, K. Schuerman, A. V6ron, 
J. Xu (ECRC, Mfinchen, Germany) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  371 

On the Design of Parallel Programs for Machines with Distributed Memory 
D. Gomm, M. Heckner, K.-J. Lange, G. Riedle 
(Technische Universitgt Mfinchen, Germany) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  381 

A l t e r n a t i v e  E x e c u t i o n  M o d e l s  

ADAM - An Abstract Dataltow Machine and Its Transputer Implementation 
W. Schreiner (Johannes Kepler University, Linz, Austria) . . . . . . . . . . . . . . . . . . . . . . . . . . .  392 

Mapping Systolic Algorithms on Distributed Memory Computers 
P. Clanss (Universit~ de Franche-Comt6, Besancon, France) . . . . . . . . . . . . . . . . . . . . . . . .  402 

A Compiler for a Distributed Inference Model 
C. Percebois, N. Sign,s (Universit$ Paul Sabatier, Toulouse, France) . . . . . . . . . . . . . . . .  412 

O p e r a t i n g  S y s t e m s  a n d  R e l a t e d  T o p i c s  

Making PEACE a Dynamic Alterable System 
H. Schmidt (GMD FIRST, Berlin, Germany) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  422 

Managing the Recursive Generation of Tasks in a Transputer 
Network 
S. Nicolle, P. Legrand, J.-P. Derutin 
(Blaise Pascal University, Aubiere, France) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  432 

Multicomputers UNIX based on CHORUS 
B. Herrmann, L. Philippe 
(Universit6 de Franche-Comt6, Salnt-Quentin-en-Yvelines, France) . . . . . . . . . . . . . . . . . .  440 



XI 

Systems 

The Architecture of the Europea.n MIMD Supercomputer GENESIS 
U. Bruening, W.K. Giloi, W. Schroeder-Preikschat 
(Technische Universität Berlin, Germany) .......................................... 450 

Fault-Tolerant Gossiping on Hypercube Multicomputers 
P. Fraigniaud (Ecole Normale Superieure de Lyon, France) ......................... 463 

Architecture, Implementation and System Software of K2 
M. Annaratone, G. zur Bonsen, M. Fillo, M. Halbherr, R. Rühl, 
P. Steiner, M. Viredaz 
(Swiss Federal Institute of Technology, Zurich, Switzerland) ........................ 473 

European Declarative System (EDS): Architecture and Interprocess 
Communication 
G. Watzlawik, E.H. Robinson 
(Siemens AG, München, Germany, ICL, Manchester, U.K.) ......................... 485 

DAMP - A Dynamic Reconfigurable Multiprocessor System with a. 
Distributed Switching Network 
A. Bauch, R. Bra.a.m, E. Maehle 
(Universität-Gesamthochschule Paderborn, Germany) .............................. 495 

Correction to: On Automatie Loop Data-Mapping for Distributed-Memory 
Multiprocessors ..................................................................... Cl 

Posters ........................................................................ 505 


