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Various Structural Optimizations Using Python Optimization Libraries

o Shinnosuke FUJITA *10 Yoshihiro KANNO *>[0 Makoto OHSAKI *3
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In recent years, script programming languages (SPLs) are becoming popular in various engineering applications. These lan-
guages are easy to learn and use, because they are processed by interpreter and no compilation is necessary. However, in scientific
computing, it is still common to develop a software using Fortran, C++, etc., which are categorized as compiler programming lan-
guages (CPLs), because SPLs usually have serious disadvantage in the computation speed. Although CPLs generally have advantage
in computation, they are difficult to learn for the beginner such as undergraduate students who are not familiar with scientific com-
puting. To attract more students to scientific computing, SPL is very effective for educational purpose. Python is an SPL, which has
many license-free libraries for scientific computing, because the license of Python has no strict restriction for use and redistribution.
Owing to the variety of libraries for numerical analysis, linear algebra, computer graphics, structural analysis, and optimization,
Python is becoming one of the most popular language for structural optimization.

In this paper, we demonstrate that very simple programs coded by Python can solve various optimization problems. The various
structural optimization problems are solved by simple Python prgramming using SciPy, pyOpt, and PICOS. First, we consider the
shape optimization problem which minimizes the area of the tensor product Bézier surface. Optimal solution of the problem is able
to be found easily by using SciPy. Next, we consider the shape optimization problem which minimizes the strain energy of the
latticed shell with 4 corner fixed supports. Optimal solution of the problem is also able to be found easily by using pyOpt. Finally,
we consider the topology optimization problem which minimizes the compliance of the 2D frame structure. Optimal solution of the
problem is also able to be found easily by using MOSEK through PICOS.

The conclusions obtained in this paper are as follows:

e Python is suitable language for scientific education because of the characteristics shown below:
— Simple cording rule
— Compilation is unnecessary
— Type declaration is unnecessary
— Powerful visualization libraries
— Many applications support Python scripting
e Easy to solve various optimization problem using Python
— A whole range of optimization method are supported in Python libraries
— Calculation speed is not slow by using scientific library compiled in CPL.

Python is useful language not only for education but also for scientific research. Additionally, Python is open-source software and
anyone can freely modify or customize it. So Vast number of libraries for scientific computing are created by programmers, engineers,
or scientist around the world. Python is a language with high future growth potential.
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