











PERFORMANCE MODEL OF TRANSPORT COMPUTATIONS 185

Figure 2 The pipeline effect of processing sweeps in parallel for structured (a) and unstructured (b)
meshes.

The communication between processors is shown by arrows, and a simplibed propagation
of the sweep in the indicated direction is shown by the grey lines. A sweep for each direction
(angle) is required. The unit of computational work can be considered as a single cell-angle
pair.

The processing on an unstructured mesh can also be blockedNup to a set maximum num-
ber of cell-angle pairs can be processed per step. This blocking is analogous to the blocking
in the third dimension in the case of the structured mesh. However, it can result in processor
inefbciency down the pipelineNthere is no guarantee that the same number of cell-angle
pairs will be processed by all processors in a step resulting in possible processor idleness.

3. Processing characteristics ofy transport

The main characteristics & transport on structured and unstructured meshes are:

mesh partitioning The mesh partitioning strategy will determine the number and location
of processor neighbors and hence communication costs for boundary data transfer. The
partitioning may also cause load imbalance for unstructured grids since the number of
cells that can be processed in each step on each PE may be different.

pipeline processingA processor is inactive until the edge of a sweep enters cells in that
processorOs partition. However, multiple sweeps may be active at any given time in the
processor array. Overlap exists between computation and communication within each
sweep, and across the active sweeps.

processor utilization The processing dependency in the direction of each sweep may
lead to downstream PEs waiting for the upstream PEs to send the necessary boundary
information. This situation can lead to processors being starved of work waiting for the
results from other PEs.

strong scaling Sy transport calculations may be executed in a strong scaling mode. This
causes a change in the actual use of the memory hierarchy since the number of cells per
processor will decrease while increasing the number of processors used.



