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ABSTRACT
This talk will describe a recent collaboration between our group and
the aircraft manufacturer Airbus for the design of a new aerospace
component which uses cutting-edge design and fabrication tech-
niques to radically reduce the weight of the component while main-
taining the same structural performance. To achieve these results,
we developed a novel computational geometry system which com-
bines a bottom-up growth strategy based on slime mold behavior
from nature, with a top-down genetic algorithm framework for
optimizing the final design.
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1 INTRODUCTION
New technologies of metal additive manufacturing have made pos-
sible the fabrication of fully usable industrial components with
complex geometries that could not be manufactured using tradi-
tional methods. With additive manufacturing, complexity is free,
meaning that printing the same volume of material costs more or
less the same regardless of its formal complexity. This is in contrast
to traditional methods such as machining or casting, where formal
complexity is often a critical aspect of the part’s final cost.

These new capabilities in manufacturing have opened up new
design possibilities which have only barely been explored. The
problem is that this potential complexity is very difficult to compre-
hend using traditional tools and design methods. While 3d printers
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Figure 1: View of final design produced using additive man-
ufacturing

can easily describe surface features to the tenth of a millimeter,
there are no existing design tools which would allow the human
designer to reason or design at this level of detail. Thus, we need
new computational design tools that can assist us in the exploration
of this huge space of potential designs and find the best performing
solutions to our design problems.

2 EVOLUTIONARY OPTIMIZATION
A common tool in the exploration of complex, highly multidimen-
sional design spaces is the genetic algorithm (GA) [Marler andArora
1993]. The GA is a particularly popular example of a metaheuristic
search algorithm which can explore a ’black box’ parametric model
in order to find the highest performing designs based on one or
more objectives.
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Unlike optimization methods based on gradient descent, GA’s
are completely top-down and do not require any knowledge of the
model in order to mine it for the best results. This is well-suited
for many design applications, where parametric models tend to be
defined based on a complex network of geometric operations, all of
which may be difficult or impossible to differentiate.

To utilize a GA to solve a design problem, the designer must spec-
ify a generative geometry system that describes a ’design space’ of
possible solutions to the problem, as well as one or more measures
that describe the objectives or goals of the design. In an engineering
context, performance measures tend to be fairly straight forward,
and usually involve the maximization of structural performance
(by minimizing displacement and material utilization) while mini-
mizing the amount of material used.

Thus, our main challenge was the design of a unique generative
geometry system which could generate a wide set of possible de-
signs in a way that could be optimized by the search algorithm. This
talk will describe the system we developed for the design of a spe-
cific aircraft component and speculate about potential applications
of such systems for future design problems.

The method we developed uses a "bottom-up" growth strategy
based on agent-level behavior in natural systems. It is specifically
inspired by the growth of slime mold on the forest floor. As the
slime mold grows, it forms a complex aggregate organism which
produces highly efficient food distribution networks based only
on the local behavior of its individual cells. Such complex agent-
based behaviors are typically represented in the computer through
simulations of swarms of individual agents. To enable us to explore
the huge range of possibilities possible through such a system, we
had to implement it in such a way that it could be learned, modified,
and optimized by a "top-down" search algorithm such as a Genetic
Algorithm.

3 METHODOLOGY
The design problem is first defined by a boundary mesh and a series
of ’critical points’ which may be places where load is applied to
the component or places where it is attached to the main structure.
Food gathering agents are initialized at these critical points, and
"grow" into the component in search of "food" particles, eventually
forming an efficient and redundant network similar to that of slime
mold [Fig. 2]. This network represents one possible design within
the generative geometry system.

To create multiple designs, the behavior of these agents, as well
as the location of the food particles, is parameterized using a finite
set of input parameters. These parameters are used by the GA to
create many different design iterations and test each one according
to its structural performance [Fig. 3]. Since all the parameters are
continuous, the GA is able to "learn" how to work with the growth
behavior and tune it to create better performing designs over time.
This allows the algorithm to devise novel and high-performing
design solutions using a complex behavioral system that may have
been difficult or impossible to explore through traditional methods.

This talk will describe a novel computational design method
which combines a "bottom-up" agent-based growth algorithm mod-
eled on natural systems with a "top-down" genetic search algorithm.

Figure 2: Description of generative geometry system based
on slime mold growth

Figure 3: Sorting of a set of generated designs based on two
performance objectives

It will also describe the application of this method toward the de-
sign of a unique aerospace component which can take advantage of
the formal freedoms allowed by recent advances in metal additive
manufacturing. This method suggests future research into how
various types of artificially intelligent algorithms can be made to
work together to solve the complex design problems of the future.
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