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This paper focuses on optimization problems that are difficult to solve due to multiple difficulties
with different properties. Optimization is a process of finding an optimum solution in a search space
of a problem. Recently, optimization has been applied to various fields, such as vehicle design of
Shinkansen and simultaneous risk minimization and profit maximization of financial transactions.
However, some optimization problems are difficult to solve because they involve multiple difficulties
of different aspects, such as strong constraints and ambiguity on evaluation criteria.

To solve such optimization problems, this paper proposes a hierarchical optimization architecture
that divides the problem’s difficulties into different layers and employs different optimization
methods for each layer. The advantage of our architecture is that it can employ various methods as
solvers for layer, such as meta-heuristics, problem-dependent local search algorithms, machine
learning-based generative models, and so on.

In particular, this paper focuses on problems of generating tileable shapes. Tiling is the act of
covering the two-dimensional plane with one or very few types of figures without overlaps and /or
gaps. Designing tileable shapes include includes two aspects of difficulties. The first difficulty is that
it is not easy to generate tileable figures with sufficient similarity to the given target figure because
the search space is enormous and the variables are strongly interdependent. The second one is the
shape-similarity metric functions are less able than human intuition to evaluate figure shape
similarity. Therefore, this paper proposes a hierarchical optimization architecture that divides the
problem into a few sub-problems. The combined methods resolve the sub-problems using their unique
advantages. In particular, this study develops two methods based on the proposed architecture; the
first method generates a tileable shape similar to the given goal figure shape, and the second method
searches for poses of a prominent character in movies and animations suitable for tiling.

Chapter 1 describes the target problem class of this paper and its example problems, i.e., tileable
figure design, and the proposed hierarchical optimization architecture. This chapter also describes the
difference between the proposed architecture and related techniques such as hybrid optimization
methods.

Chapter 2 explains related studies. First, it discusses the definition of the tileable figure design
problem. Then, optimization and machine learning methods used in previous and these studies are
explained. Next, this chapter discusses previous studies that analytically optimize the tileable figure
shapes and meta-heuristics-based methods for directly modifying the tileable shapes.



Chapter 3 discusses the overview of the proposed architecture and proposes the first proposed
method. This method attempts to solve the tileable shape generation problem under the same scenario
as in the previous studies. The proposed method represents the tileable shape generation problem as a
two-layer structure, and employs meta-heuristics as the upper-layer optimizer and the previous
method for the lower-layer optimizer to find a figure that satisfies the edge-matching constraint.
Experimental results showed that the proposed method generated a tileable shape close to the goal
shape while satisfying the tiling conditions.

Chapter 4 describes the second proposed method that generates a goal shape suitable for tiling,
which is a different scenario from the previous studies. In the previous studies and chapter 3 of this
paper, the tileable shape generation problem assumed that a goal figure is drawn by hand; however,
some goal shapes are hard to transform the tileable shape. For this reason, the previous methods,
including the first proposed method, require redrawing the goal shape. The second proposed
algorithm consists of three layers, and the upper-layer optimizer generates goal shapes by a
combination of a convolutional auto-encoder-based generative model that allows parametric image
morphing and an algorithm for global optimization in the latent variable space that finds goal shapes
suitable for tiling. The second proposed method is expected to eliminate the trial and error of
redrawing the goal shapes. Experimental results showed that the proposed method generated goal
shapes suitable for tiling from videos, and in particular, it generated goal shapes of character poses
that were not included in the videos.

Chapter 5 attempts to apply the proposed method to confectionery shape design as an example of
industrial applications. Taking advantage of the hierarchical optimization, i.e., the flexibility of
designing objective function and constraints, a new constraint that prevents generating narrow and
fragile parts on a tileable output shape is introduced. Experimental results showed that the proposed
method generated tileable shapes while preventing narrow and fragile parts.

Chapter 6 discusses the possibility of improving the convergence speed of the proposed method.
The proposed algorithms in chapters 3 and 4 employ simple meta-heuristics for the easiness of
interpretation the behavior of the algorithm and for the diversity of solutions generated. This chapter
employs a more efficient meta-heuristic algorithm to speed up the search. Experiments were
conducted to verify whether the response speed required for interactive optimization, which is being
planned for future work, could be met. The results showed that the convergence speed was improved
compared to the proposed algorithm in chapter 3.

Chapter 7 summarizes chapters 1 to 6 described so far.



