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Parallel Processing of 3D Rigid-Plastic FEM on a Cluster System

Young Choi” and Yongwie Seo”

ABSTRACT

On the cluster system, the parallel code of rigid-plastic FEM has been developed. The cluster system, Simforge, has
15 processors and the total memory is 4.5GBytes. In the developed parallel code, the distributed data of the column-wise
partitioned stiffness are stored as the compressed row storage and the diagonal preconditioned conjugate gradient solver
is applied. The analysis of block upsetting is performed with the parallel code on Simforge cluster system. In this paper,

the analysis results are compared and discussed.
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2. E8AH A|AHE(Cluster System)
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2 dFellA gt E2 28 Al A8 (Simforge
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AAE ol &3t FEH3IUT. ML FEAH A
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Table 1 Specification of Simforge cluster system

CPU RAM HDD VGA
Master Athlon XP 16M
* 1G 80G
1 node 2400+ AGP
Sl Ath P 1
ave lon X 256M 130G 6M
14 nodes 1800+ AGP

* Athlon XP 1800+ setting is used for comparison.

S 2E A2H9 VEYI ggEs 7|
HAall, 7+ =E(node)ell 100Mbps WIl= 2L A
A8t 16EE 29| X|(16 ports switch) 29} A 3}

A @ ¥ (channel bonding) 2.2 W WEHAE T
ARt olAE(master) =T 98 dagad
1] Y(intemet)l] FZAE glth E82¥ AAH
o] 08 & % 2X(kemel 242003 ©] £33 i686
Z2Azo] HAHgE AedEE EEIHAU
Zel2ee WEi =FE MPIMPICH 1.2.50&
o] &3ttt

Nge 828 A|2¥Ql SimforgeE Fig. 19
veEbdth o3t AE FE2H Al2HE i
EL FAaTERY AFADNA ALgsed g
Ao wodAT), Simforge FEAE A2l F
Fd 8L =29 607 Aol

Fig. 1 Simforge cluster system
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s Ade AFAES BAYLe WAHRE
o273} 3 H(diagonal preconditioning matrix)E A}
£33l

Step 1. Choose Ay, that is initial guess of Eq. (3)
Step 2. Set residual vector, r =f- K Av
Step 3. Set initial search direction, p=M"r
Step 4. Fori=0, 1, 2, until convergence
do step 5 ~step 11
Step 5. Perform matrix-vector multiple, 4 =K p
Step 6. Perform dot product, @ =(r, M Ir)/(p,q)
Step 7. Update, Av=Av+ap
Step 8. Set new residual, e, =7-a g
Step 9. Perform, f= (Fuew MIr o )V, Mr)
Step 10. Update search direction, p = M'r,.,+8p
Step 11. Update residual, r = ryey,

Fig. 2 PCG Algorithm'"
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Fig. 3 Distribute storage of stiffness matrix
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Fig. 4 Compressed row storage of sub-stiffness
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Zt ZEAMAME HA f4d dF ANE F
PokA) ¥ AMEk F -y ~ n)S ETFT
2 2 (the elements related to the column-wise partitioned
nodes)oll WiajA Rt AAE Fadte] FALPAS
TATRY 7 Z2AAMNA RRLREE 7T
i Z2AXZ FAE AHEEA Fed 4 ==
AMAA 223s e MFEd daxe 92
Fgoz 89 dAE EFsIE 84 AT
AgHI AxbE

Table 2 Distributed data of each processor

Distributed data Distribution
. Column-wise partitionin,
Stiffness Matrix P g
(ng~ ng)
Elements

Related to ng~ ne nodes
Elemental values ST

Nodes
Nodal values

Related to the distributed
elements

Processor 1

Stiffnessmatrix : 1~ 8 nodes (columnn-wise partitioning )

Elementol values : 1 2 elements (related to 1~ 8 nodesy

Nodal values : 1~8 nodes+ 9, 19, 11, 12 nodes
(reloted to 1, 2 elements)

Processor 2
Stiffness matrix : 9~ 16 nades (colmm-wise partitioning }
El Ivalues: ) 3 elemenss (related to 9~ 16 nodes)
Nodel values : 9~16 nodes+ 5, 6 7, § nodes

(retated to 2, 3 elements)

Fig. 5 FE-model with 3 brick elements
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Fig. 8 Deformed mesh system
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9 Parallel computation time of rigid plastic FEM
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Table 3 FE models for the analysis of block upsetting

DOF of Models | No. of Nodes No. of Elements
3K 1000 729
31K 10648 9261
98K 32768 29719
206K 68929 64000
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Table 4 Efficiency of parallel computation
Efficiency of parallel computation [%]
np DOF of FE models
3K 31K 98K 206K
2 75.7 85.4 85.2 89.1
4 51.5 75.0 73.6 83.7
6 35.6 58.3 66.2 71.8
8 23.2 48.3 57.9 61.8
10 16.0 40.0 51.0 51.7
12 133 32.5 38.8 459
14 11.0 25.6 33.2 38.5
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