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Parallel computing must meet seemingly contradic-
tory goals: software development should be carried
out in an architecture- and technology-independent
environment, while both algorithms and system soft-
ware should take full advantage of the features of
the underlying parallel architecture. At the same
time, application programmers cannot be expected to
be parallel processing experts. Usability, scalability,
and portability are thus central issues in high perfor-
mance computing. A recognized important step to-

wards achieving these goals is the development of a

computational model which

e accurately reflects constraints of existing ma-

chines,

e has broad applicability with respect to existing

and future machines, and

e allows accurate prediction of performance.

Such a computational model should provide a bridge
between software and hardware and fulfill the same
function as the von Neumann model for sequential
computation.

In recent years parallel models have been proposed

refined, and evaluated. While no model seems to yet
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fulfill the stated goals, significant progress has been
made. This session contains three papers providing
different viewpoints on parallel models. In the fol-
lowing we give a brief description of the development
of parallel models and the papers appearing in this
session. The discussion makes references to various

models, but the list is not intended to be exhaustive.

The PRAM model, a simple shared memory model,
was introduced in [9] and it has proven useful in iden-
tifying the inherent parallelism in problems. The
PRAM has allowed the development of architecture-
independent parallel algorithms at a time when par-
allel platforms were changing rapidly [15, 17, 22].
Some PRAM algorithms have been successfully trans-
lated into efficient distributed memory algorithms.
For other, especially ones with highly data-dependent
communication patterns, efficient adaptations have
proven difficult. The PRAM model is widely consid-
ered to not match the essential features of existing
parallel machines. The main objections include the
lack of being able to account for communication la-

tency as well as memory and network contention.

The paper by Gibbons argues the important role
the PRAM model still plays [11]. He describes a new
shared memory model, the Queued Shared Memory
Model (QSM) which accounts for limited communica-

tion bandwidth by evaluating the maximum memory



contention in each phase of the algorithm. Gibbons
shows that the QSM model has an efficient emulation
on the BSP model and he demonstrates that the QSM
model avoids some of the pitfalls distributed memory
models exhibit when applied to shared memory ma-
chines.

Simultaneously to the development of algorithms
for the PRAM model, parallel algorithms for network
models were developed [18, 20]. In addition to an
impressive selection and variety of algorithms for par-
ticular networks, important results about the equiv-
alence of networks and the computational power of
networks were obtained. However, designing a parallel
algorithm for a particular network is generally viewed
as the wrong direction with respect to usability and
portability. The development of a uniform model for
general purpose parallel computation was proposed.

The BSP model proposed by Valiant, [24], was one
of the first parallel models accounting for communi-
cation and abstracting the architectural features in
a small number of parameters. In the BSP model,
a parallel algorithms consists of a sequence of super-
steps. During a superstep, a processor can perform
local computation and global communication in the
form of send and receive operations. Consecutive su-
persteps are synchronized by a barrier synchroniza-
tion. The running time of a superstep includes two
parameters: L, the synchronization period and g, the
ratio of computation to communication throughput.
The fundamental primitives of the BSP models are
global barrier synchronization and the routing of ar-
bitrary messages. The paper by Cheatham describes
H-BSP, a general purpose parallel computing environ-
ment based on the BSP model and intended for devel-
oping transportable programs [6]. The H-BSP envi-

ronment consists of BSP-L; a higher level program-

ming language, compiler tools, communication and
synchronization libraries, and application programs.

Another parallel model having received considerable
attention is the LogP model [7]. Compared to the
BSP model, the LogP model has a more constrained
message-passing mechanism and it lacks explicit syn-
chronization. Four parameters, L, o, g, and P, cap-
ture the communication cost of an algorithm: com-
munication latency L, overhead o, gap g, and number
of processors P.

A number of researchers have argued that the BSP
model allows a more convenient programming abstrac-
tions compared to the LogP model and that it is bet-
ter suited as a computational model for parallel com-
putation [5, 21]. In particular, the recent paper by
Bilardi et al. presents a quantitative comparison of
BSP and LogP models [5]. They develop cross simu-
lations between BSP and LogP and conclude that the
BSP model seems to allow slightly greater power and
greater simplicity and portability. The BSP simula-
tion in the LogP model is not straightforward and the
slowdown experienced may be significant in practice.
However, from an asymptotic point of view the two
models are shown to be equivalent.

The paper by JaJa argues that both the BSP and
the LogP model are not suitable as a bridging model
for parallel computation since they require parame-
ters to be adjusted from one parallel platform to the
next [16]. The adjusting of parameters could hinder
the development of tools and methods that achieve
high performance across different platforms. JaJa pro-
poses a parallel model which views a parallel algo-
rithms as a sequence of local computation steps inter-
leaved with global communication primitives. Com-
munication primitives include operations like block

transfer, broadcast, scatter, gather, and transpose [3].



A metric determines the cost of a communication
primitive. It uses as parameters the amount of data
transmitted or received, the latency of the network,
and a parameter measuring the time required to in-
ject or receive a word from the network.

Extensions and modifications to the PRAM, BSP,
and LogP models have been proposed. In particular,
[1, 10, 14, 23] are examples of models based on the
PRAM and [2, 4, 12, 19] are examples of models based
on abstract network models using point-to-point mes-
sage sending. Additional references can be found in
the subsequent papers.

Each one of three papers included in this session
makes its conclusion and prediction as to future com-
putational models and their success. In summary, re-
searchers believe that a number of promising develop-
ments have helped the formulation of a parallel model.
One of these is the acceptance of emerging standards
like MPT [8]. Another one is a potential convergence
of parallel architectures [13]. The challenges for an ul-
timately successful model include, in addition to the

already stated needs,

¢ developing a model that can adapt to communi-
cation and memory requirements arising in net-

works of workstations,

e modeling I/O in addition to communication and

computation,

e developing a model for asynchronous parallel

computation.
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