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Multi-Level Optimization of Framed Structures
Using Automatic Differentiation
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ABSTRACT : An improved multi-level (IML) optimization algorithm using
automatic differentiation (AD) of framed structures is proposed in this paper.
For the efficiency of the proposed algorithm, multi-level optimization techniques
using a decomposition method that separates both system-level and
element-level optimizations, that utilizes and an artificial constraint deletion
technique, are incorporated in the algorithm. And also to save the numerical
efforts, an efficient reanalysis technique through approximated structural
responses such as moments and frequencies with respect to intermediate
variables is proposed in the paper. Sensitivity analysis of dynamic structural
response is executed by AD that is a powerful technique for computing
complex or implicit derivatives accurately and efficiently with minimal human
effort. The efficiency and robustness of the IML algorithm, compared with a
plain multi-level (PML) algorithm, is successfully demonstrated in the
numerical examples.
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F2A ¥ & Ed
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1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

t, (cm)

h, (cm)
43.0 38.0 32.0 26.0 23.0 19.0 19.0 18.0
Case 2 by (em) 19.0 18.0 16.0 13.0 8.0 6.0 5.0 6.0
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B 4. 7|22 ¢eignt JiME fnelge| HHEA Hot

FuEE 5 gHoaede hw(cm) | bf(cm) Tf(cm) | Tw(cm) | F%(kg) &4 34
1 33053.00 4418 | 1953 | 1.24 111
2 19921.99 3865 | 18.31 | 1.06 0.95
3 12097.77 3292 | 16.88 | 1.01 0.75
- .
PMLY2& 4 7066.21 2717 | 1551 | 1.00 051 | Loooos | 1176
case 1 5 3723.33 2442 | 837 1.00 0.81 :
6 2654.06 2233 | 7.14 1.00 0.74
7 4748 31 2589 | 9.59 1.00 0.85
8 3135.88 2328 | 7.79 1.00 0.77
1 30603.28 4335 | 1864 | 1.25 1.09
2 17975.76 3773 | 1777 | 1.03 0.93
3 10930.58 3153 | 17.31 | 1.01 0.67
Q =
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e 2 5 3203.52 23.25 | 8.03 1.01 0.77 :
6 1511.48 19.07 | 562 1.00 0.63
7 1297.66 18.36 | 519 1.00 0.61
8 1476.51 18.74 | 583 1.00 0.61
1 30627.88 4334 | 18.99 | 1.23 1.09
2 18235.08 38.16 | 17.60 | 1.02 0.96
3 10926.49 3140 | 17.29 | 1.01 0.67
Q =
ML & 4 6272.87 29.03 | 1050 | 1.00 074 | Lo o
case 1 5 323281 93.46 | 17.93 1.00 0.78 ‘
s 6 1521.96 1890 | 5.89 1.00 0.61
7 1297.13 18.35 | 519 1.00 0.61
8 1476.08 18.72 | 583 1.00 0.61
1 30665.55 4340 | 19.04 | 1.23 1.09
2 18257.51 3820 | 17.62 | 1.02 0.96
3 10939.93 3144 | 17.31 | 1.01 0.68
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7 1298.72 18.38 | 5.19 1.00 0.61
8 1477.90 18.75 | 5.84 1.00 0.61
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