The PVM and HeNCE Projects

A.Beguelin^{1&2}, J.J.Dongarra^{1&2}, G.A.Geist^2, R.Manchek^1, V.S.Sunderam^3

Description

PVM (Parallel Virtual Machine) is a software system that enables a collection of heterogeneous computer systems to be used as a coherent and flexible concurrent computation resource. The individual machines may be shared- or local-memory multiprocessors, vector supercomputers, specialized graphics engines, or scalar workstations, that may be interconnected by a variety of networks. PVM support software executes on each machine in a user-configurable pool, and presents a unified, general, and powerful computational environment for concurrent applications. User programs, written in C or Fortran, are provided access to PVM in the form of library routines for functions such as process initiation, message transmission and reception, and synchronization via barriers or rendezvous. Users may optionally control the execution location of specific application components; the PVM system transparently handles message routing, data conversion for incompatible architectures, and other tasks that are necessary for operation in a heterogeneous, networked environment.

HeNCE (Heterogeneous Network Computing Environment) is a graphical interface tool (under development) and methodology for using PVM. HeNCE permits the specification of applications using a variant of directed acyclic graphs; individual nodes are associated with application modules and executed under PVM. During or after execution, HeNCE displays an event-ordered animation of application execution, enabling the visualization of relative computational speeds, processor utilization, load imbalances, and message traffic. A debugging component allows setting module-level breakpoints, while a separate display shows the allocation of modules to PVM host machines. HeNCE also supports the graphical configuration of PVM hosts, assists in the generation of architecture-dependent object modules, and contains provisions for task scheduling based on user supplied or system-estimated cost matrices.

Applications and Environments

PVM and HeNCE are ideally suited for concurrent applications composed of many interrelated subalgorithms, although performance is good even for traditional parallel applications. PVM and HeNCE are particularly effective for heterogeneous applications that exploit specific strengths of individual machines on a network. As a loosely coupled concurrent supercomputing environment, PVM is a viable scientific computing platform, while the support tools and interactive graphical facilities are valuable as an easy-to-use and convenient concurrent programming environment. The PVM and HeNCE systems have been used for molecular dynamics simulations, superconductivity studies, distributed fractal computations, matrix algorithms, and in the classroom as the basis for teaching concurrent computing.

Status and Availability

The beta release of the PVM system is now available and may be obtained by sending electronic mail to netlib@ornl.gov with the message send index from pvm. This release contains a users guide and installation notes; PVM has been tested on Sun3, Sun4, Cray, Alliant, IBM RS6000, TMC CM2, Intel iPSC & RX, Sequent, and Stardent systems. The HeNCE interface is expected to be available in August 1991.

Futures

The PVM and HeNCE projects are ongoing, and support at levels appropriate to research projects may be reasonably expected. Over the next several months, newer releases of PVM and HeNCE are planned, with enhancements including fault tolerance, process migration, and shadow execution facilities, toolkits for the graphical assembly of concurrent applications from skeleton templates, hierarchical visualization of application execution, and concurrent debugging facilities.

hhhhhhhhhhhhhhhhhh 1: University of Tennessee 2: Oak Ridge National Laboratory. 3: Emory University.