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Perspectives on asynchronous computations for fluid flow
problems
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Abstract
Instances where asynchronous parallel computations can be used for the solution of fluid flow problems are discussed.
The use of asynchronous portions of solvers can effectively counteract the consequences of the inefficiencies associated
with high latency in the interprocessor (or intercomputer) communication. This is especially so in the case of irregular
regions, irregular partitions, or in clusters of inhomogeneous computers. Another situation where asynchronous methods
can yield important gains is in the cases of moving boundaries, or adaptive grids. Asynchronous methods can be seen as an
alternative to load balancing.
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1. Introduction
In a perfect parallelizable world all computational problems would be divided in tasks of approximately equal
difficulty, achieving perfect load balancing. At the same
time, communication times between processors of a MIMD
machine would be negligible. The same would hold true
for communication times between computers in a cluster,
or even between machines in remote locations (in the case
of metacomputing).
Of course, in most applications, load balancing is not
automatic, and considerable attention is given to try to
achieve it; see, e.g., the references given in Section 2. Another issue that preoccupies code production is the latency
of a message-passing operation, i.e., the amount of time it
takes to prepare and set up a message.
The load balancing paradigm is associated with synchronous computations: the processors need to exchange
information at a synchronization point, and it is desirable
that all processors reach the synchronization point at the
same time, thus avoiding processor idle time. If the latency
is high, the processors would remain idle during the data
exchange period even if there is perfect load balancing.
One counterpart to the load balancing paradigm is to try
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to use numerical algorithms so that data exchange needs
not be synchronized, i.e., to use asynchronous parallel
methods, where data is sent to the other processors as soon
as it is produced, without waiting for any synchronization
point. There is an extensive theoretical foundation for the
convergence of these methods; see the references cited is
Section 3.
In this contribution, we concentrate on parallel methods
for the numerical solution of fluid flow problems; see,
e.g., the recent proceedings [6]. In this study, we look
at a few instances where the idea of asynchronism has
been used, and then propose some other computational
situations, where we believe this concept can be used
advantageously. This paper is in part a bibliographical tour,
and in part an exploration of an alternative to the load
balancing paradigm. This alternative has been successfully
used in other computational applications.

2. Latency and load balancing
The goal of achieving load balancing has received considerable attention, and is far from trivial. One can appreciate this effort in many publications, e.g., in [29,30], and the
references given therein; see also [23] for the case of metacomputing. Other references, where this issue is specifically
addressed for fluid calculations include [10,15,21,22,28].
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One issue commonly addressed in these references is
the need for runtime load balancing (or rebalancing) to
maintain efficiency. This is especially needed in the case
of moving boundaries and=or dynamically adaptive grids
[29]. One approach is to repartition the grid once the load
becomes unbalanced [21]. A more sophisticated approach
consists not only of a redistribution of the variables, but
also a reconfiguration of the parallel tasks [19]. Of course
these strategies add considerable overhead and delays to
the computations.
Another tool used to achieve load balancing, as well as
latency-hiding, is the use of performance modeling [24],
also called timing modeling [3], whereby a mathematical
model of the computation and communication appearing in
a code is used to study performance. These models can
then be used to reconfigure the work distribution and thus
obtain a shorter runtime.

3. Asynchronous approaches
Asynchronous parallel iterative methods have been successfully used in many applications of science and engineering; see, e.g., the recent survey [12] and the extensive
bibliography therein. Other references worth mentioning
include [1,2,5,8,16,18,20,25]. For example, in [7,11], asynchronous solutions of linear systems of several million
variables are reported with execution times of about half to
two-thirds of those reported for synchronous parallel times
on the same architecture. The experiments reported in [11]
correspond to a discretization of a second order elliptic
boundary value problem, and were run on different CRAY
multiprocessors. The problem treated in [7] is that of a
singular linear system of equations modeling Petri nets for
performance evaluation of computer systems, and the architecture used is a cluster of inhomogeneous workstations
connected via Ethernet.
Typically, in the iterative solution of a large linear or
nonlinear system of equations, an asynchronous method
uses in each processor whatever information is available in
local memory at the time the information is needed. (In
the case of a shared memory architecture this information
would be in the global memory.) When each processor
completes a local iteration, it sends the new information
it produced to the other (appropriate) processors (or the
global memory). Thus, conceptually, the information used
by each processor in its computations is older (or less
current) than if all processors wait for the synchronization
point for the data exchange. Nevertheless, under suitable
general assumptions, such asynchronous methods converge
to the solution; see the references already cited.
Asynchronous methods do not offer any advantage if
there exists already an inherent load balance. Conversely,
if there is a load imbalance, and=or the processors have
different computational speeds, then asynchronous parallel

methods can perform very well; see, e.g., the experiments
in [11]. In these cases, the full utilization of the processing
capabilities, i.e., the elimination of the idle time, takes
precedence over the fact that the information is less current
than in the synchronous case. The load imbalance appears
for example in the case of domain decomposition, when not
all the domains have the same shape or size, or when one
uses irregular meshes or moving boundaries. We should
point out that asynchronous methods can be advantageous
both in the case of low and high latency, though different
considerations have to be taken in each case [18].
There are of course many different numerical methods
for the solution of fluid equations; see, e.g., the diverse
papers in [6]. Almost always, at the core of such methods
there are some large sparse linear or nonlinear systems to
be solved, for a given time step. These can be solved with
some asynchronous method.
This approach was taken in [14], where a two-dimensional problem was solved using the vorticity–stream-function formulation. The Navier–Stokes equations are rewritten as two coupled boundary value problems for each time
step. One is a Poisson equation with Dirichlet boundary conditions and the other is an evolution convection–
diffusion equation, also with Dirichlet boundary conditions.
The discretized equations are solved with variants of the
Schwarz alternating method using a domain decomposition with overlap. The corresponding linear system for the
Poisson equation is solved asynchronously. For the other
equation, a nonlinear system is solved asynchronously.
Other parts of the codes are synchronous; see [14] for
more details. Execution times were presented for Reynolds
numbers in the range 10–1000, for up to eight processors
of an IBM-SP2. The asynchronous times reported are always more efficient than the synchronous counterparts. The
increase of efficiency observed is relatively small, and this
is probably due to the fact that the domain decomposition
chosen has all domains of the same size.
In [4], in a metacomputing environment using two Cray
T3E machines across the Atlantic, computations of threedimensional supersonic flows around space vehicles are
reported on a grid of almost a million cells. Asynchronism is used, both within each multiprocessor and across
machines.
Other potential for the use of asynchronism is the application of ideas from asynchronous minimization, such as
those in [27] to nonlinear elliptic problems as treated, e.g.,
in [26]. From the theoretical point of view, we highlight the
fact that while in domain decomposition methods for discretized differential equations, convergence rates are shown
to be independent of the mesh size, provided appropriate
coarse subspaces are used, in [27] it is shown that this
property is maintained for asynchronous versions of these
methods within the general framework of nonlinear minimization problems, including nonlinear elliptic boundary
value problems.
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These examples confirm the potential for the use of
asynchronous methods for portions of fluid dynamics calculations. This potential is bound to become more evident
with the advent of the new generation of massively parallel computers and clusters of symmetric multiprocessors,
where total communication costs are higher. The need for
asynchronism is often brought up in connection with Grand
Challenge problems; see, e.g., [9,17].
We believe that the potential for gains using asynchronous parallel iterative methods for linear or nonlinear
systems in irregular regions or inhomogeneous clusters can
be achieved with a small investment. For example, one
could replace the (synchronous) SOR solver for the pressure in the three-dimensional code NaSt3DGP (based on
the description in [13]) with an asynchronous linear solver,
without much change in the rest of the code. Similarly,
when many subdomains of different size appear naturally
using a domain decomposition method, an asynchronous
version of the type proposed in [11] can be used. In the
case of moving boundaries, a subdomain can be enlarged
or reduced without fear of a load imbalance. The processor assigned to such a subdomain will simply compute its
task and send the resulting information to the other processors. The change in size implies a change in the local
computational time, and thus in the delay in getting new
information. Nevertheless, all processors can continue with
their computational tasks, and no significant degradation of
performance should be expected.
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