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An Efficient Solution Method to MDQO Problems in Sequential and
Parallel Computing Environments

Sc Jung Lec*

ABSTRACT

Many rtesearchers have recently studied multi-level formulation strategies to solve the MDO prob-
lems and they basically distributed the coupling compatibilities across all disciplines, while single-level
formulations  concentrate all the controls at the system-level. In addition, approximation techniques
became remedies for computationally expensive analyses and simulations. This paper studies compari-
sons of the MDO methods with respect to computing performance considering both comventional
sequential and modern distributed/paralle] processing environments. The comparisons show Individual
Disciplinary Feasible (IDF) formulation is the most eflicient for sequential processing and IDF with
approximation {IDFa) is the most efficient for parailel processing. Results incorporating two popular
design examples show this tinding. The author suggests design engineers shoald firstly choose 1DF for-
mulation to solve MDO problems because of its simplicity of implementation and not-bad perfor-
mance. A single drawback of IDF is requiring more memory for local design vartables and coupling
variables. Adding cheap memorics can save engincers valuable time and effort for complicated multi-
level formulations and let them (ree out of no solution beadache of Multi-Disciplinary Analysis (MDA)
of the Multi-Disciplinary Feasible (MDF)Y formulation.
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Table 1, Performance comparison of various MDO methods for the analytic problem (DA: Disciplinary Analysis, NF: Number

of Funcrion evaluations)

Method ozjfi;t?:"sr‘;"“ NF of DAI NF of DA2 Total NF
MDF with FPI 3.183 352 352 704
MDF with Newton 3183 756 756 (512
IDF 3.183 54 54 108
AAO 3.183 60 60 120
co 3172 9456 12734 22190
BLISS 3.184 100 100 200
1DFa 3.183 45 30 75
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Fig. 2. Step-by-step procedure of IDFa.
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Fig, 4. Numbers of analyses as Nxi = 2, Nvi = 2. Nz =2, and Nd varics.

Table 3. Numbers of analyscs as Nd = 2, Nyi
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Cyi, Cyj, Cxi, C7i : randomly generated cocflicient
mairices with sizes of Ny * Ny, Ny * (Nd-
1) ¥ Ny, Ny * Nx , Ny * Nz, respectively

Nd: number of disciplines

NF: number of function evaluations or analyses

Nx: number of disciplinary design variables per
discipline

Nxi: number of disciplinary design variables for
the i-th discipline
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Ny: number of state variables per discipline
Nyi: number of state variables of the i-th discipline
Nz: number of common design variables

X: disciplinary design variable

Y: state variable

Z: common design variable

g,: convergence tolerance for state vanables
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