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A LOAD BALANCING DOMAIN DECOMPOSITION METHOD FOR FINITE
DIFFERENCE NUMERICAL WEATHER PREDICTION MODELS

Jin Zhiyan
(Chinese Academy of Meteor ological Sciences, Beijing 100081)
Wang Dingxing

(T singhua University, Beijing 100084)
Abstract

Hundreds to thousands of nodes, which can reach T flops, compose modem parallel computers. But pre-
gramming on such kind of system is difficult. A very important issue is load balancing. The more the nodes in
the system, the more difficult to balance the load.

Domain decomposition is common technique in parallel processing of mesoscale weather prediction models.
T he different columns of the model are distributed on different nodes. One can expect to increase the speedup the
model by increase the resolution of model. However, as the resolution of the model is increased, the grids of the
model and the steps of iteration are increase. M ore nodes are needed if we want the model can be finished in the
same periods of time. As results, less columns running on each node. A little of unbalance of the load can be a
serious problem on highly paralleled models. At the same time, the physical process of higher resolution model
can be more complex, which results more unbalance among processors. Many models use regular eastwest
north-south domain decomposition technique use n by m nodes, ignoring the load balancing problem completely,
T he advantage is its simple and the communication betw een processors is low. It is success if the grids and the
number of the nodes is highly compatible and the physics is not very complex. However, when the grid points of
the model is not highly compatible with the number of the nodes, which is often the case in very dynamic env+
ronments. For example, one processor has one role and column of grid points than others, the processor with
more grids slow down very other processors as though the load on each grid point is the same, and it can be more
serious if the load of each grid points is very different becaus the physics of the model is very different under dif
ferent weather, or on different land surface. Some researches show that the speedup of the model goes down
rapidly after the model runs several hours when the microphysics is turn on. The solution is using adjustable de-
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main to catch up the variation of the load. Some researchers use adjustable rectangle domain, which is better
than the fixed domain. But our results shows a nearly rectangle domain, adding a few steps on some sides of the
rectangle domain, can balance the load more better than the rectangle domain with only a little increase of com
munication due to the steps.

T he result shows the algorithm to partition the grid points of the forecast area and compare it with three
other methods, one is fixed rectangles domain method and others are two adjustable rectangles domain method.
In order to analysis the effects of the method three other method was also tested. In the experiment, a distribu
tion of the computation load for each grid point is given, four methods were applied and the load unbalance can
be calculated for each method, which shows that our method is the best one in balancing load.

T his method is applied to a three-dimension diffusion equation model to test the feasibility in and real mod-
el. The experiment was on IBM SP machine. In order to test its ability to balance the load with sharp different
of computation between grid points, asimulated physics process was added in the model. The computation time
was measured for every grid point and it was used as the load of the grid points. The result is identical with pre-
vious one with only the difference that the speedup is lower due to the communication.

Key words: Distributed parallel computing, Load balancing, Domain decomposition, Numerical weather
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