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Message-passing distributed-memory multiprocessors
can be provided with a layer of shared-memory abstraction
so that programmers can envision a globally shared address
space. In such a globally shared address space, program-
mers can carry out data references through read and write
operations in the same way as they fetch their local mem-
ory—a much more intuitive programming paradigm. This
relieves programmers from taking care of data movement
explicitly using communication primitives and of data par-
tition specific to each machine. As a result, distributed
shared memory (DSM) systems could overcome major ob-
stacles to the widespread use of distributed-memory multi-
processors, i.e., poor programmability and portability,
while retaining the attractive features of low cost and good
scalability common to distributed-memory machines. In
other words, a DSM system allows a natural and portable
programming model on distributed-memory machines,
making it possible to construct a relatively inexpensive
and scalable parallel system on which programmers can
develop parallel application code. The code developed for
a DSM system, like that for a shared-memory machine,
is often much shorter and more comprehensible than an
equivalent program based on message-passing.

Due to its potential advantages, DSM has been an active
research area for the past decade, with many prototype
systems implemented and demonstrated [2]. Those systems
have been developed on Ethernet- or ring-connected
workstations or on hypercube- or mesh-based message-
passing machines. While some implemented prototypes
have shown that DSM may achieve performance compara-
ble to that of a loosely coupled distributed system [1, 3],
challenges in building efficient DSM systems for a wide
range of applications still remain. Memory consistency in
the DSM system must be enforced, and this consistency
enforcement can be accomplished using hardware, soft-
ware, or a combination of the two. Hardware consistency
implementation is similar to the cache coherence design
found in non-distributed shared-memory multiprocessors,
and it is typically expensive and inflexible. To the contrary,
software coherence implementation tends to result in long
access latency and high communication overhead due to
consistency enforcement traffic. Several important issues

related to DSM implementation are to be resolved before
the DSM system delivers its full promise and gains wide-
spread acceptance.

This special issue contains six regular papers and three
research notes, each addressing certain important DSM
design and implementation issues. These papers are se-
lected from many high-quality manuscripts submitted to
this special issue. The paper by Dubois, Skeppstedt, and
Stenstrom introduces a classification of the components of
the miss rate and data traffic in message-passing shared-
memory systems with hardware support for coherence.
They define the set of essential misses and essential traffic,
referring respectively to the minimum set of misses neces-
sary and to the smallest amount of traffic, for a correct
execution under a given coherence protocol. Their classifi-
cation scheme is applied to three selected benchmarks to
compare degrees of overhead created by different hard-
ware coherence mechanisms.

The next two papers deal with software-based coherence
implementation. Keleher, Cox, Dwarkadas, and Zwaene-
poel examine three software protocols for release consis-
tency. Release consistency allows data communication to
be aggregated and also allows multiple writers to modify
a single page at the same time. The protocols are imple-
mented on a set of DECstations connected by an ATM
network to compare their performance. Communication
overhead and network bandwidth are varied using a paral-
lel execution-driven simulator to explore performance
trade-offs. It is found that the relative performance of the
protocols is dependent on the performance of the network,
processor, and communication network.

Sandhu investigates a family of strategies for managing
cache coherence dynamically through software, using an
abstraction for shared data called Shared Regions (SR).
An SR is a unit of sharing in the program and is identified
by the application through a set of annotations. The SR
annotations can be inserted into the program according to
only local information without regard to the global behav-
ior of the program, making it possible for future compilers
to insert annotations automatically. The SR approach of-
fers the ability to manage data dynamically according to
the granularity of the data shared within the application.
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Through detailed execution-driven simulation, Sandhu
shows that the performance of the best SR strategy for
each application is comparable to, if not better than, that
of a representative hardware coherence mechanism.

Two subsequent papers consider software-based co-
herence implementation, with some hardware support.
Petersen and Li describe techniques using virtual memory
management software to enforce coherence, after any po-
tential inconsistency is detected by virtual memory transla-
tion hardware existing at each processor. It also requires
the use of the memory-mapped network interfaces that
support a globally shared physical address space. Memory
references which might cause inconsistency are trapped by
the virtual memory translation hardware and handled by
virtual memory management software. They present the
design trade-off between the simplicity and the benefit
from increased software overhead. Their evaluation is
based on trace driven simulations of several scientific appli-
cations. Next, a software coherence protocol for non-
cache-coherent, non-uniform memory access (NCC-
NUMA) machines is treated by Kontothanassis and Scott.
Like Petersen and Li’s techniques, this coherence protocol
requires memory-mapped network interfaces to support a
global address space, which is exploited in three specific
ways. A simulation study is conducted for evaluating the
performance of the proposed software coherence protocol
using an application suite. The experimental results suggest
that software coherence on NCC-NUMA machines is a
cost-effective approach.

The single program multiple data (SPMD) execution
model is a popular model for exploiting parallelism. Under
the SPMD model, there is only one fork operation at the
beginning and one join operation at the end of the program,
with other synchronization points specified explicitly when
cross-processor dependences exist. O'Boyle, Kervella, and
Bodin present an algorithm for synchronization placement,
with an attempt to reduce the amount of synchronization
in DSM systems. Their algorithm places barrier synchroni-
zation optimally for a given program, based on accurate
data dependence and scheduling information. The algo-
rithm has been implemented in an experimental compiler
and its initial results are presented.

Checkpointing and rollback techniques can be used in
DSM systems to allow continued computation despite the
temporary failure of one or multiple components. Janssens
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and Fuchs introduce the design of an independent check-
pointing method for DSM systems with reduced error-free
and rollback overhead by taking advantage of some specific
properties of DSM systems. They show that dependency in
their recovery method can be derived from the traditional
message-passing model and that in-transit messages can
be recovered without the use of logging. Their method
further reduces the frequency of dependency when applied
to a DSM system with lazy release consistency.

Implementing a DSM system on a distributed memory
machine could incur high communication overhead re-
sulting from a large amount of messages needed to ensure
consistency. To reduce this communication overhead, the
Munin DSM system presented by Carter incorporates the
use of multiple consistency protocols and the support for
multiple concurrent writers. The major data structures, the
protocols for memory consistency, and the lessons learned
from the prototype implementation of Munin are pre-
sented in the paper.

Agarwala and Das present the design and the implemen-
tation of a shared virtual memory (SVM) system on the
nCUBE/2 machine. They improve the algorithm for main-
taining coherency to reduce the number of internode mes-
sages. Timing analysis is conducted for the feasibility study,
and four parallel programs are tested on their SVM imple-
mentation. Experimental results show linear speedup for
parallel program execution on the SVM system.
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