Parallel Processing of Structural Optimization
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Abstract

A parallel processing approach for structural optimization on transputer system, which is loosely
coupled MIMD computer with local memory, is presented in this paper. The validity and efficiency of
this approach are demonstrated and verified by some test models of trusses. Structural and sensitivity
analysis algorithms, which spend most of overall structural optimization processes, are based on su-
bstructuring scheme with domain-wise parallelism and converted to be adapted to hardware architec-
ture. The intercommunications between each node are limited to only two times of static condensation
and design derivatives calculation, and synchronized in order to minimize the communication cost. PC
hosted numerical experimentations show encouraging results in speed-up and efficiency. In this respe-
ct, if flexible scalability is considered together, parallel processing based on transputer system can be
a good alternative to the changes and needs of engineering environment.

Keywords : parallel processing, structural optimization, transputer, domain-wise parallelism, substru-
cluring
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ANNNN\N

A\

Table 1 Data for 10-member plane truss with
substructuring

Table 2 Design data of 10-member plane truss

Modulus of elasticity 1 10,000.0 ksi
Allowable stress limits . +25.0 ksi
Allowable displacement : +2.0 in.
Specific weight 2 0.1 Ib/in.3
Lower bound of design : 0.10 in.2

Upper bound of design : None
No. of design variable : 10

Table 3 Comparison of objective function

Data Objective
Algorithm function (Ib)
METHOD 1 5060.62
METHOD 1II 5061.01
PRESENT 5061.01
REFERENCE” 5061.60
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Table 4 Parallel performance result on transputer

system
Number of Speed-up Efficiency
processor Se Er
1 1 -
2 2.06 1.03

Table 5 CPU time(sec) and speed up

Number of Substructure
Element No.
substructure No.
9 1 1, 3,5 7 8
2 2,4,6,9 10

| =22 123 H2%(1999. 6)

AlOTIth | /o' HOD 1| METHOD 1| PRESENT
Data
Total
CPU time 491 298 L
Relative 1.0 1.65 3.40
Speed-up
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5.2 Two hundreds member truss
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Fig. 4 200-member truss

Table 6 Data for 200-member plane truss with
substructuring

=

Table 7 Design data of 200-member plane truss

Modulus of elasticity : 30,000.0 ksi
Allowable stress limits : £30.0 ksi
Allowable displacement © 0.5 in.
Specific weight : 0.283 Ib/in.?
Lower bound of design 1 0.10 in?
Upper bound of design . None

No. of design variable © 96 (linked)

. Load component (ksi) in
Loa(.h?g Node No. direction
condition

X y z
1, 6, 15, 20,
29, 34, 43,
18, 57, 62 1.0 0.0 0.0
71
1, 2, 3, 4, 5,
1 6, 8, 10, 12,
14, 15, 16,
17, 18, 19, 0.0 -10.0 0.0
20, 22, 24,
. 71, 72,
73, 74, 75

Table 8 Comparison of objective function

Data Objective
Algorithm function (Ib)
METHOD I 29,176
METHOD II 29,155
PRESENT 29,165
REFERENCE? 28,963
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Table 9 Parallel performance result on transputer

Number of |Substructure
Element No.
substructure No.
1 1,2,5,6,7,8,9,10,11,...,
0 191,192,195,196,197
9 3,4,12,13,14,15,16,...,
193,194,198,199,200
1 1, 2, 3, -+, 80
2 77, 78, -+, 1562
3 153, 154, ---, 200

systems
Number of Speed-up Efficiency )
processor Sp Er
1 1 -
2 1.99 0.99
3 2.93 0.97
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Table 10 CPU time(sec) and speed up

Algorithm |\ HOD [ |METHOD 11| PRESENT
Data

Total
o | 12309 3716.8 1264.3
Relative 1.0 3.31 9.78
Speed-up

Total CPU time(sec)
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Fig. 5 Comparison of each truss results
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