
CoLa: A Coordination Language for Massive Parallelism�B�eat Hirsbrunner Marc Aguilar Oliver KroneInstitut d'Informatique, Universit�e de Fribourg, Chemin du Mus�ee 3, CH-1700 Fribourg, SuisseT�el. +41/37/826550, FAX +41/37/826551, e-mail: fhirsb, aguilar, kroneg@cfruni52.bitnetIntroductionThe emerging generation of supercomputers will besuitable for massive parallel applications. To orches-trate the communication needed to coordinate concur-rent tasks, we are currently developing a new coordi-nation language [1] called CoLa. Speci�cally CoLa isaimed to provide a high programming abstraction levelfor massively parallel computing, especially for appli-cations in the �eld of distributed arti�cial intelligence.CoLa is embedded in classical programming languagesand combines both declarative as well as imperative se-mantic properties in its de�nition.CoLa incorporates a high level identi�cation con-cept, de�ning communication objects as correspondents[2], a postal mail delivery model for e�cient and trans-parent message passing [3][4] and new communicationand synchronization mechanisms.Programming ModelCoLa is based on the concept of correspondents, a highlevel identi�cation abstraction for purpose of communi-cation of processes. Correspondents are de�ned logi-cally; sets of correspondents can be computed duringruntime of an application using Prolog-like declara-tive rules. The expressiveness of the rules can be uti-lized to de�ne abstract communication topologies likerings, trees or hyper-cubes. CoLa o�ers several pre-de�ned communication packages which serve as a basefor the construction of new user de�ned communica-tion structures. The mechanism of de�ning communi-cation structures using the concept of correspondentsfacilitates the implementation of complex informationchannels by completely decoupling the logical commu-nication structure from the physical structure. The in-troduced abstraction has several advantages: e.g., theuser does not have to care about migrating processes;the actual physical site of a process remains transparentand the resulting algorithms are highly portable andscalable since they do not depend on certain physicalcommunication structures of the target machine.In order to support dynamic migration and load bal-ancing strategies, CoLa uses a postal mail delivery�Grant No: 5003-034409 of the Swiss National Science Foun-dation 1993-1995

model (called the Post) providing transparent and ef-�cient process identi�cation, mail management androuting facilities. The model uses a fully distributedaddress-book and a �nite state machine to accomplishtransparent communication. If a process sends a mes-sage to another process, it uses the appropriate corre-spondent; the Post will then resolve the logical addressinto physical site information and transmit the mes-sage. For e�cient message passing we have developedand tested several communication protocols which canbe used by the Post to optimize message paths accord-ing to various system parameters, such as the averagemigration frequency of processes and the average mes-sage size.The communication and synchronization facilitiesare based on extended blocking and non-blockingsend/receive primitives o�ering a programmer a exibleand application oriented programming model. Controloperations such as �lter and select operators which workon sets of correspondents allow for easy determinationof communication partners. Interrupt driven commu-nication primitives, functions to create and start pro-cesses and barrier synchronization facilities based onsets of correspondents, are all included.Results and Future WorkWe have developed a speci�cation of the syntax andsemantics of CoLa and we are currently underway toimplement a �rst prototype on top of ISIS [5] for a clus-ter of workstations. Future work will include an inves-tigation of the practicability of this new programmingapproach for the implementation of classical algorithmsin the �eld of distributed arti�cial intelligence.References[1] N. Carriero, D. Gelernter. How to Write Parallel Pro-grams, A First Course, MIT Press, Cambridge 1992.[2] M. Aguilar. \Communication et migration dynamiquedans Pact, un environement pour la programmation heuris-tique parall�ele", Ph.D. Thesis, University of Fribourg, 1993.[3] M. Aguilar, B. Hirsbrunner. \Post: A new postal de-livery model for parallel heuristic programming", submit-ted for publication, Working Conference on ProgrammingEnvironments for Massively Parallel Distributed Systems,IFIP WG 10.3, Ascona, Switzerland, April 25-30, 1994.[4] M. Aguilar, B. Hirsbrunner. \Pact: An Environmentfor Parallel Heuristic Programming", International Confer-ence Massively Parallel Processing Application and Devel-opment, Delft, The Netherlands, June 21-23, 1994.[5] K. Birman. \The Process Group Approach to Reliable Dis-tributed Computing", Communications of the ACM, Vol.36, no. 12, pp. 37-53, 1993.


