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Animal architecture
view from the outside

Observation I

from material multiplicity to geometric complexity
materials are expensive, form is cheap

Observation II

architecture is ecosystem engineering
architecture is prosthetic nature

Observation III

from static isolation to dynamic porosity
architecture as an open system of fluid exchange

Observation IV

from top-down control to bottom-up process
architecture as adaptive generation to environmental conditions 
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Feedback
complex behavior both ants start at same time

ant along shorter path will 
reach food first …

… and will inform other ants 
about the food first …

… which will attract more 
ants to follow the shorter 
path

… and reinforce the path 
with more pheromone

after some time only the 
shortest path will be used

Ant Colony Optimization (ACO) Algorithm
search for shortest path in networks
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ACO Algorithm
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School of Fish
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internal logic
interacting network of basic elements

external adaptation
interaction of network with context 

Separation
steer away to avoid local congestion

Alignment
orient towards average direction

Cohesion
steer towards center of gravity

Predator Avoidance
Swarm Attraction/Repulsion

Computation as Formalization
School of Fish
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basic element
transformation

of basic element

application of
fixed set of rules

description of systemic behaviour of 
swarm as computational process 

Computation as Formalization
Agent System
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Computation as Formalization
Agent System
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Agent System
Human Behavior

Tina Čerpnjak
Formal Diffusions: Agent-Based Systems in the context of architectural space making

Master Thesis, Aalto university, 2021
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Agent System
Human Behavior

Tina Čerpnjak
Formal Diffusions: Agent-Based Systems in the context of architectural space making

Master Thesis, Aalto university, 2021
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Agent System
Human Behavior

Tina Čerpnjak
Formal Diffusions: Agent-Based Systems in the context of architectural space making

Master Thesis, Aalto university, 2021
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Agent System
Human Behavior

Tina Čerpnjak
Formal Diffusions: Agent-Based Systems in the context of architectural space making

Master Thesis, Aalto university, 2021

Computational Cycle
Designed Form

2.11.2022

14

Toni Kotnik, Professor of Design of Structures

Agent System
Human Behavior

Tina Čerpnjak
Formal Diffusions: Agent-Based Systems in the context of architectural space making

Master Thesis, Aalto university, 2021
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Digital Revolution

scientific revolution

Modernity

"An intellectual revolution is happening all around us, but few people are
remarking on it. Computational thinking is influencing research in nearly all
disciplines, both in the sciences and the humanities. … [The Computer] is
changing the way we think. … If you want to understand the 21th century
then you must first understand computation."

Alan Bundy

computer

Natural Computation
new methods of composition of form

Cellular Automata
inspired by intercellular communication

Neural Computation
inspired by the functioning of the brain

Evolutionary Computation
inspired by Darwinian evolution of species

Nature-Inspired Algorithms
inspired by behavior of groups of organism 

Computational Cycle
Designed Form

2.11.2022

18

Toni Kotnik, Professor of Design of Structures

How much area can be fenced in with a 1000m long wall?
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How much area can be fenced in with a 1000m long wall?

x

y

max A = x∙y under the condition 1000 = 2∙x + 2∙y

Formalization

Optimization
best possible output

A = x∙(500 – x) fitness function
measure for quality of solution

fitness landscape
field of all possible solutions

x = y = 250

square
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Optimization
best possible output

fitness landscape
field of all possible solutions

basic intention in optimization process
stepwise improvement of solution by variation of parameter

creedy strategy
problem-solving heuristic of making the 
locally optimal choice at each stage
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Optimization
best possible output

fitness landscape
field of all possible solutions

basic intention in optimization process
stepwise improvement of solution by variation of parameter

creedy strategy
problem-solving heuristic of making the 
locally optimal choice at each stage

not max!
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…

1

2

3

4

16

cross-breeding

exchange of parameter

…

8 children

4 parents
random change

mutation

…

4 children

replace

re-evaluate

Population

Optimization
best possible output

fitness landscape
field of all possible solutions

evolutionary strategy
stepwise improvement of solution by recombination of parameter
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Optimization
best possible output

fitness landscape
field of all possible solutions

evolutionary strategy
stepwise improvement of solution by recombination of parameter
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check 16: the task is to build three towers on a given site of 100 m x 100 m. Each tower should have a footprint 
of 20 m x 20 m. The investor likes to get a maximum of square meter. At the same time, the surface area of the 
tower needs to be as small as possible in order to reduce the running costs for the building (maintenance & 
energy). How high should the buildings be and where should they be located on site?

h1 = h2 = h3  = 160 h1 = h2 = h3  = 160
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Lahdelma & Mahlamäki: Trigoni High-Rise
Pasila, Helsinki, Finland, 2018-27
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Lahdelma & Mahlamäki: Trigoni High-Rise
Pasila, Helsinki, Finland, 2018-27
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Lahdelma & Mahlamäki: Trigoni High-Rise
Pasila, Helsinki, Finland, 2018-27
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environmental principles are used for the generation of 
variations of the basic building type of a courtyard house

combinations of these variations of the basic building type 
are combined on an urban patch using cellular automata

An evolutionary climate-responsive urban model
What is the best possible neighborhood?

Fatemeh Nasseri,Yasaman Mousavi: 
Metabolism and Culture: An evolutionary

climate-responsive urban model
Master Thesis, Architectural Association, 2011
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Modify urban patch
using Evolutionary Optimization

Generate urban patch
using cellular automata

An evolutionary climate-responsive urban model
What is the best possible neighborhood?

Fatemeh Nasseri,Yasaman Mousavi: 
Metabolism and Culture: An evolutionary

climate-responsive urban model
Master Thesis, Architectural Association, 2011
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Fatemeh Nasseri,Yasaman Mousavi: 
Metabolism and Culture: An evolutionary

climate-responsive urban model
Master Thesis, Architectural Association, 2011

population
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Fatemeh Nasseri,Yasaman Mousavi: 
Metabolism and Culture: An evolutionary

climate-responsive urban model
Master Thesis, Architectural Association, 2011

Evaluation A
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Fatemeh Nasseri,Yasaman Mousavi: 
Metabolism and Culture: An evolutionary

climate-responsive urban model
Master Thesis, Architectural Association, 2011

Mutation

31

32



01.11.2022

17

Computational Cycle
Designed Form

2.11.2022

33

Toni Kotnik, Professor of Design of Structures

Fatemeh Nasseri,Yasaman Mousavi: 
Metabolism and Culture: An evolutionary

climate-responsive urban model
Master Thesis, Architectural Association, 2011

Evaluation B
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Fatemeh Nasseri,Yasaman Mousavi: 
Metabolism and Culture: An evolutionary

climate-responsive urban model
Master Thesis, Architectural Association, 2011

Next population

X

X

X

X
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An evolutionary climate-responsive urban model
What is the best possible neighborhood?

Fatemeh Nasseri,Yasaman Mousavi: 
Metabolism and Culture: An evolutionary

climate-responsive urban model
Master Thesis, Architectural Association, 2011

The emergent porosity within the fabric results in
environmental comfort at the scale of a patch.
Hierarchical scale of routes within the tissues
acts as a regulator through convection.
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Masdar City, United Arab Emirates, 2008-2030
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Venice, Italy
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Hydroville

Qianqian Yu,Yu Chen: 
Hydroville: Adaptive Living System  in Southeast Asian Riverside

Master Thesis, Architectural Association, 2011
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Hydroville

Qianqian Yu,Yu Chen: 
Hydroville: Adaptive Living System  in Southeast Asian Riverside

Master Thesis, Architectural Association, 2011
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Hydroville

Qianqian Yu,Yu Chen: 
Hydroville: Adaptive Living System  in Southeast Asian Riverside

Master Thesis, Architectural Association, 2011
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Hydroville

Qianqian Yu,Yu Chen: 
Hydroville: Adaptive Living System  in Southeast Asian Riverside

Master Thesis, Architectural Association, 2011
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Hydroville

Qianqian Yu,Yu Chen: 
Hydroville: Adaptive Living System  in Southeast Asian Riverside

Master Thesis, Architectural Association, 2011
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Hydroville

Qianqian Yu,Yu Chen: 
Hydroville: Adaptive Living System  in Southeast Asian Riverside

Master Thesis, Architectural Association, 2011
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Computational Cycle
Performative Form
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Computational Cycle
Performative Form
Found Form

Observation I

from material multiplicity to geometric complexity
materials are expensive, form is cheap

Observation II

architecture is ecosystem engineering
architecture is prosthetic nature

Observation III

from static isolation to dynamic porosity
architecture as an open system of fluid exchange

Observation IV

from top-down control to bottom-up process
architecture as adaptive generation to environmental conditions 

configuration

passive
system

active
system

stable

Regionality
local conditions

material & form
for microclimatic 

modulation
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Computational Cycle
Performative Form
Found Form
Designed Form

configuration

passive
system

active
system

stable

Regionality
local conditions

material & form
for microclimatic 

modulation

Natural Computation
new methods of composition of form

Cellular Automata
inspired by intercellular communication

Neural Computation
inspired by the functioning of the brain

Evolutionary Computation
inspired by Darwinian evolution of species

Nature-Inspired Algorithms
inspired by behavior of groups of organism 

computational design thinking 
is of central importance for a 

sustainable future
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