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Abstract

Distributive  Processing(:-4HA] 2]),
), Shape Rolling Process(B4 ¢ I3H)

Finite Element

Parallel Approaches using Cray T3E which is MPP (Massively Parallel Processors) machine are
presented for the efficient computation of the finite element analysis of 3-D shape rolling processes.

Domain decomposition method coupled with parallel

linear equation solver is

used. Domain

decomposition is applied for obtaining element tangent stiffness matrices and residual vectors. Direct
and iterative parallel algorithms are used for solving the linear equations. Direct algorithm is parallel

version of direct banded matrix solver.

For iterative algorithms,

the well-known preconditioned

conjugate gradient solver with Jacobi preconditioner is also employed. Moreover a new effective

iterative scheme with block inverse matrix preconditioner,

which is named by present authors, is

presented and its results are compared with the one using Jacobi preconditioner. PVM and MPI are
used for message passing and synchronization between processors. The performance and efficiency of
each algorithm is discussed and comparisons are made among different algorithms.
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Fig. 3 The shape change of stiffness matrix in parallel direct solver.
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Table 1 Computation times of shape rolling analysis with domain decomposition and parallel

direct solver

Examples CPU Time (sec.) 1 CPU |2 CPU| 4 CPU | 8 CPU |16 CPU|32 CPU
Element Time 104.3 53.6 26.9 13.7 6.9 -
Example 1 Solution Time 74.5 123.0 634 36.5 25.0 -
Total Time 207.0 186.8 94.7 52.5 33.7 -
number of dof's = 7020 band width = 130
Element Time 184.5 94.8 47.9 24.1 12.6 6.4
Example 2 Solution Time 560.9 531.2 270.5 146.9 90.5 67.2
Total Time 966.3 690.2 338.4 185.6 107.6 77.5
number of dof's = 18624 band width = 220
Element Time - - 216.6 109.3 57.2 29.0
Example 3 Solution Time - - 36369 | 1911.7 { 1105.8 | 7514
Total Time - - 3970.0 | 20579 | 1179.3 794.0
number of dof's = 46827 band width = 400

Table 2 Computation times of shape rolling analysis with domain decomposition and parallel

preconditioned conjugate gradient solver using Jacobi preconditioner

Examples CPU Time (sec.) 1 CPU|2CPU| 4 CPU | 8 CPU |16 CPU|32 CPU
Element Time 104.3 51.4 25.4 12.7 6.5 33
Example 1 Solution Time 1666.0 | 806.1 413.1 224.0 132.0 86.7
Total Time 1799.0 | 8659 441.8 238.4 134.0 92.2
Element Time 185.9 90.3 453 22.7 11.7 5.8
Example 2 Solution Time 97859 | 5115.8 | 2601.0 | 13252 | 699.4 390.8
Total Time 10192.9 | 5265.1 | 2663.2 | 1354.0 | 714.6 399.8
Element Time - - 204.9 102.8 52.6 26.1
Example 3 Solution Time - - 16083.8 | 7553.9 | 4144.2 | 2034.7
Total Time - - 16395.5 | 7685.5 | 4211.1 | 2066.1

Table 3 Computation times of shape rolling analysis with domain decomposition and

parallel preconditioned conjugate gradient solver using block inverse matrix

preconditioner

Examples CPU Time (sec.) |2 CPU | 4 CPU | 8 CPU |16 CPU |32 CPU

Element Time 523 26.5 13.6 6.8 3.6

Example 1 Solution Time 120.5 84.8 59.4 46.2 39.9

Total Time 181.3 116.2 74.5 54.5 45.7

Element Time 96.8 48.5 24.1 12.7 6.5

Example 2 Solution Time 367.1 258.6 175.7 129.2 109.4
Total Time 530.4 3245 205.7 149.2 120.0

Element Time - 225.2 111.6 57.2 29.6

Example 3 Solution Time - 2480.5 | 1577.5 | 11774 | 813.0
Total Time - 2815.5 | 1726.6 | 12444 | 8478
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