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Cultivate architectures 
with algorithmic design

Two difficult questions 
for architects that AI cannot solve.

Learn from the processes of laws of nature to
“generate” architecture suitable for local environmentAlgorithmic design is a design method based on 

an algorithm (a process to be followed to solve 
problems.) Just like all natural phenomena have 
the laws of nature behind them, speci�c rules 
govern the shapes of things. We identify those 
rules, which are the “pattern” of the shapes, and 
translate that information into a computer 
program to determine the shapes that have 
“value.”
The process consists of three phases: the 
“generation phase,” in which we generate 
possible shape options using patterns; the 
“evaluation phase,” in which we quantify the 
shapes’ �tness for the environment (value) and 
interpret each shape’s �tness score as an 
elevation; and the “�tness optimization phase,” in 
which we aim at �nding shapes with higher 
�tness scores through trial and error, following a
hill-climbing algorithm.
For a long time, the capacity to design has been
attributed to human senses, experience, and
intuition. What we do, however, is use a computer 
system to “cultivate” architecture and then
explore the results suitable for each vernacular
context using the algorithmic design method. The
process invokes the experience of cultivating
living plants. Is it possible to cultivate architecture,
like we cultivate plants, by introducing a design
process of the insentient laws of nature that
results in life and beauty of forms?

The algorithmic design method is constantly 
evolving as it absorbs AI technology, which has 
been developing rapid ly  in  recent  years.  
Someday, clients will be able to manipulate 
parameters and design their homes using a 
computer system, even if it may take some trial 
and error. Will architects lose their jobs when AI 
is more widely used?
Today, AI is regarded as incapable of solving two 
dif�cult questions: the “symbol grounding 
problem” and the “frame problem.” The symbol 
grounding problem considers whether AI can 
connect (ground) a symbol/word to a real-world 
meaning. In design, this means connecting a 
shape to a value. For now, it is dif�cult for 
computers to recognize or interpret the value of 
automatical ly generated shapes, and this 
responsibility should remain with architects.
The frame problem refers to the situation in 
which a computer program with a set frame given 
by a programmer will be con�ned within that 
frame. While many people are unaware that they 
are trapped within a frame of mind cal led 
common sense, humans can still solve the frame 
problem, in my opinion. Identifying the pattern of 
the shapes, writing a program, and thinking of 
further possibilities outside that program’s frame 
are the vital roles of the architect.

In algorithmic design, we quantify a generated shape’s 
�tness to the environment (value) for evaluation (the
evaluation phase). In the �tness optimization phase, we
evaluate the �tness score of the generated shape, and if 
the generated shape scores favorably in the evaluation,
we move to the next step. If it fails to meet requirements, 
we move back and will evaluate a different shape. If the
next shape meets requirements, it moves forward; if it
fails to satisfy, it moves back. By repeating the process,
we aim to achieve an increasingly higher mountain range. 
As theological biologist Stuart Kauffman suggests,
design is an exercise in exploring ever-higher planes.

We use the following algorithm to look for a “shape” 
with a higher “value= �tness.”
(1) Generate “Shape 1.”
(2) Evaluate the “Value=�tness” of “Shape 1.”
(3) Generate “Shape 2” adjacent to “Shape 1.”
(4) Evaluate the “Value=�tness” of “Shape 2.”
(5) Conclude the process if requirements are met.
Otherwise, proceed to phase (6).
(6) If the “Value=�tness” of “Shape 2” is lower than that 
of “Shape 1,” return to (3).
(7) If the “Value=�tness” of “Shape 2” is higher than that 
of “Shape 1,” return to (3), noting that Shape 2←Shape 1.

Model concept of the 
fitness optimization phase

Model concept of the 
�tness optimization phase

β Village is located in the more pastoral area of the 
Shonan Fujisawa Campus, which is famous for its modern 
architecture. The ruling concept is to “build a future 
campus by ourselves.” In β Village, students plan, design, 
and construct buildings. As part of a course titled “SBC” 
(“Student Build Campus”), they have designed and built 
various structures, including β Pavilion, β4 (Individual 
accommodation facility), and Smoking Area in the Woods.

Student Build Campus:   Village

Can we cultivate architecture 
like we cultivate plants?

The world a hundred years 
from now may reclaim diverse 
and unique architectural forms
When planning my future, I  considered three 
professions: architect, scientist, and teacher. After 
much thought, I chose architect. Today, I am lucky to 
teach architecture design on one hand and study 
buildings using mathematical science on the other.
After running my own architectural of�ce for about 
15 years, I took a job at a university to step outside 
my boundaries. I wanted to work with students to 
implement the philosophy of algorithmic design in the 
real world through trial and error without being 
constricted by my creative l imits. Some of my 
students from the initial study group I organized have 
started their own businesses and are actively 
pursuing real-world applications of algorithmic 
design. The students who have spent time studying 
the same algorithmic design principles will convey 
their knowledge to the next generation, instigating 
changes 50 to 100 years in the future.
Once, architecture was more vernacular, responding 
to subtle differences in topography and climate to 
create d iverse and unique bui l t  landscapes.  
Commercial housing mass-produced during periods 
of high economic growth, however, have transformed 
urban areas into standardized, universal cities. I hope 
a lgor i thmic design can recreate the or ig ina l  
vernacular architecture most suited to each local 
context.  Just as we might spend many years 
cultivating and tending a garden, I want to dedicate 
the next hundred years to recreating the scenic vistas 
of the past.
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Over the course of a semester at ADL, students are expected to 
participate in a series of design practicums called “design studio.” 
They bring their study themes from the practicums to our study 
group to discuss them with their peers and integrate them into their 
design development. While working on the designs, the students 
determine a pattern hidden behind shapes and, using the pattern, 
create a design using analog methods during the semester and 
translate it into a computer program during the semester break. By 
going back and forth between analog and digital techniques, the 
students become pro�cient in algorithmic design methods.

Implementation
at Algorithmic Design Lab (ADL)

All natural phenomena have physical laws behind them, and so do shapes.
We identify laws governing shapes, translate them into a computer program,

and use them to realize architecture that responds to the local environment. The method is called algorithmic design.
Exploring architectural possibilities using a computer system is “like cultivating plants,” says Associate Professor Shohei Matsukawa.

Matsukawa hopes to employ algorithmic design to transform standardized
and universal modern townscapes into diverse architectural clusters better fitted to the vernacular context.
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