
16 Megabytes of real memory, resulting in severe pag-

ing. In the case of small input sizes, it hardly pays to

parallelize. The overhead of communication and process

management outweigh the gain in processing (which is

minimal for these dimensions).

7 Related Work

The idea of viewing a collection of workstations on a

network as a parallel multiprocessor appears to be a

popular one. There are numerous projects that have

been experimenting with different abstractions to pro-

vide on top of such a system.

The Amber System [12] creates a shared memory mul-

tiprocessor abstraction over a network of Firefly multi-

processor workstations, The system is programmed us-

ing the shared objects paradigm with Amber handling

all remote invocation and consistency issues.

The idea of broadcast-based parallel programming is

explored in the nigen++ system [2]. Using ISIS as the

broadcast mechanism, nigen++ supports a program-

ming style not unlike the Connection Machine — a

single master process distributes work to a collection

of slave processes. This paradigm has been argued by

Steele to simplify reasoning about asynchronous parallel

computations without reducing their flexibility [20].

The master/slave model forms the basis of the AERO

system [3]. Unlike nigen++, however, the model is com-

pletely asynchronous with the master having to explic-

itly accept results from parallel slave computations.

The Mentat system [15] is based on an object-oriented

programming language derived from C++. The user

encapsulates data and computation as objects and the

compiler performs all the necessary data flow analysis

to permit parallel invocations whenever possible. The

run-time system ensures correct object semantics even

though all invocations are performed asynchronously.

Yet another object-oriented approach to parallel pro-

gramming is TOPSYS [8]. The basic programming ab-

straction in TOPSYS consists of tasks, mailboxes and

semaphores realized through library routines. The em-

phasis of the system is a collection of graphical tools for

performance monitoring and debugging.

The system that perhaps comes closest to Paralex

in its design goals and implementation is HeNCE [7].

In HeNCE, the graphical representation of a computa-

tion captures the precedence relations among the vari-

ous procedures. Data flow is implicit through syntactic

matching of output names to parameter names. HeNCE

graphs are dynamic in that subgraphs could be condi-

tionally expanded, repeated or pipelined. Unlike Par-

alex, HeNCE has no automatic support for fault toler-

ance or dynamic load balancing.

8 Status and Conclusions

A prototype of Paralex is running on a network of

m680x0, SPARC, MIPS and Vax-architecture Unix

workstations. Paralex relies on Unix for supporting ISIS

and the graphical interface, The graphical interface is

based on X-Windows with the Open Look Intrinsic

Toolkit. As of this writing, the graphics editor, com-

piler and executor are functional. Dynamic load bal-

ancing and debugging support have been implemented

but have not yet been integrated into the environment.

The current implementation has a number of known

shortcomings. As computations achieve realistic realis-

tic dimensions, executing each Paralex node as a sepa-

rate Unix process incurs a large amount of system over-

head. In the absence of shared libraries, each process

must include its own copy of the ISIS services. This,

plus the memory required to buffer each input and out-

put of a node contribute to large memory consumption.

We are working on restructuring the system to create a

single Paralex process at each host and associate sepa-

rate threads (ISIS tasks) with each node of the computa-

tion. In this manner, the library costs can be amortized

over all the nodes and buffer memory consumption can

be reduced through shared memory. Yet another limi-

tation of the current implementation is its reliance on

NFS as the repository for all executable. Obviously,

the NFS server becomes a bottleneck not only for fault

tolerance, but also for performance since it must sup-

ply the initial binary data and then act as a paging and

swapping server for a large number of hosts. A satisfac-

tory solution to this problem requires basing the storage

system on a replicated file service such as Coda [18] or

Echo [16] .

Paralex provides evidence that complex parallel ap-

plications can be developed and executed on distributed

systems without having to program at unreasonably low

levels of abstraction. Many of the complexities of dis-

tributed systems such M communication, synchroniza-

tion, remote execution, heterogeneity and failures can

be made transparent automatically. Preliminary re-

sults indicate that the costs associated with this level

of transparency are completely acceptable. We were

able to obtain performances for the SAR application

that achieved maximum speedups of 2.7 and 5.0 for the

4-way and 8-way parallel versions, respectively. Given

the large amount of sequential code for reading in the

problem input and displaying the result, these figures

are probably not too far from the theoretical maximum

speedup possible. We should also note that SAR rep-

resents a “worst-case” application for Paralex since its

computation to communication ratio is very low. Most

importantly, however, the performance results have to

be kept in perspective with the ease with which the ap-

plication was developed.

Paralex is an initial attempt at tapping the enormous
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parallel computing resource that a network of work-

stations represents. Further experience is necessary to

demonstrate its effectiveness as a tool to solve real prob-

lems.
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