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Animal architecture
view from the outside

Observation |

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

Observation Il

architecture is ecosystem engineering
architecture is prosthetic nature

Observation Il

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

Ant Colony Optimization (ACO) Algorithm
search for shortest path in networks
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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
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Computation as Formalization
School of Fish

Separation
stesr away to avoid local congestion
[N
LA A Alignment
\> L \> orient towards average direction
A Cohesion
internal logic steer towards center of gravity
interacting network of basic elements 4
external adaptation Predator Avoidance
interaction of network with context Swarm AttractionIRepulsion
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Computation as Formalization
Agent System

application of
fixed set of rules

basic element

description of systemic behaviour of
swarm as computational process
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Agent System
Human Behavior

Local attractor

Attractor tha

in field of vision

Global attractor

Agent has prior knowledge of the
position of the point of interest
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Separation

Steer to avoid local neighbours

/

k /
\__/

Collision avoidance

Avoid obstacles and other agents

’

" Tina Cerpnjak

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
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swos |y

TRAVEL

state1  f
IDLE

Transition

I\
ez I 2
WANDER

Transiton

Reached Transition
destination of | — = — = — = — = — — ~
point ofinterest \

State 1

IDLE

State2

Tina Cerpnjak
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

Case I:
Random Walk
Agent count: 10
Veloctty: 1.4 a/s

Case II:
Two Waypotnts

Agent count: 10
Veloctty: 1.4 o/

y
Legend 7 '
]
case 111
0w g Thres Varpotsts
@ soent spme oot Agent count: 10

agent path Veloetty: 1.4 n/s
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Viston rastus: 30n

Visiee e 1 Iteration 1 Tteration 2 Tteration 3 Comvtnea neatasp of
sovesent

= —_—

= !F" g

e e
1
Viston ragtus: 30m
Viston angte: 110° Iteratton 1 Iteratton 2 Iteratton 3 Combtned heatnap of
povenent

bs y t

> L

Wiston ragtus: 30m

Viston angle: 1100 Iteration 1 Tteration 2 Iteratien 3 Comvined neatesp of
Tina Cerpnjak

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

e

Randon Walk

Agent count: 10 Viston ragtus: 30m
Veloclty: 1.4 /s Viston angle: 110" Iteratton 1 Tteratton 2 Tteratton 3 Conbtned heatnap of
sovesent

Case II:
Two Waypoints

Agent count: 10 Viston ragtus: 30m
Veloclty: 1.4 /s Viston angle: 110° Tteratton 1 Tteratton 2 Tteratton 3 Conbtned heatnap of
sovesent

Legend

[t

Case I11:
l W ot sy Three Waypoints
@ ssent somm gt Agent count: 10 viston ratus: 30m =
Veloctty: 1.4 a/s Viston angles 126° Iteration 1 Tteration 2 Iteration 3 Convtnes eataap of
- sovesent
Tina Cerpnjak
Formal Diffusions: Agent-Based Systems in the context of architectural space making
Master Thesis, Aalto university, 2021
’ 13 Computational Cycle
A” D S Aalto University Designed Form
Design of Structures Toni Kotnik, Professor of Design of Structures 2.11.2022

13

Agent System
Human Behavior

Case I:
Flat Terrain

Velocity: 1.4 a/s

Iteratton 1 Tteration 2 Iteratton 3 Conbtned heataap of
Agent count: 10 Agent count: 50 Agent count: 160 rovesent
P .
/8 4
Case II:
Connected Terraces
Veloctty: 1.4 w/s
Iteratton 1 Tteratton 2 Tteratten 3 Conbined heatsap of
Agent count: 10 Agent count: 50 Agent count: 160 rovesent

Legend

o n
]

Tpshurigaae wac)

Case 1II:
l W pde ot SSawrmts Terrain With Obstacles
oty
@ soent spm poine Veloctty: 1.4 w/s
Iteratien 1 Iteration 2 Iteratien 3 Conptnea heateap of

- Agent count: 16 Agent count: 50 Agent count: 160 movesent
Tina Cerpnjak
Formal Diffusions: Agent-Based Systems in the context of architectural space making
Master Thesis, Aalto university, 2021
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Digital Revolution

"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.”

Natural Computation
new methods of composition of form

Alan Bundy o ) Cellular Automa_ta

inspired by intercellular communication
Neural Computation

inspired by the functioning of the brain

Evolutionary Computation
inspired by Darwinian evolution of species

Modernity Nature-Inspired Algorithms
scientific i | reductionism aradigmatic shift in science systemic | inspired by behavior of groups of organism
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catastrophic folding
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X éé,a hierarchy

genotype
cellular automata phenotype

deterministic chaos

nonlinearity

fractal geometry self-organization

L-systems vectorfields swarm systems
genetic algorithm
reaction-diffusion equation
1950 1970 1980 1990 2000 t
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Optimization
best possible output

Formalization

x =y =250

square

A” DS Aalto University
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How much area can be fenced in with a 1000m long wall?

max A = x'y under the condition 1000 = 2:x + 2-y

X

A= x-(500 — x)

fitness function
measure for quality of solution

fitness landscape
field of all possible solutions

00 20 mw &0 08
19 Computational Cycle
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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
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A
— creedy strategy
T T problem-solving heuristic of making the
- S locally optimal choice at each stage
\
\
_4"" 3
il "';_
| | } % s
100 200 300 400 500
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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
probjém-solving heuristic of making the
qua‘lly optimal“‘phoice at each stage

not max!
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Optimization
best possible output

fitness landscape
field of all possible solutions

Population

100000000
2[00000000
3[0C0000000

16|0O0000000

re-evaluate
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4|00000000

evolutionary strategy

stepwise improvement of solution by recombination of parameter

cross-breeding

[ X _Jejejeje)e)e)
4 parents

| —— : exchange of parameter

[ X _Jejejeje)e)e)

8 children

00000000

replace

T

Q0000000
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mutation

Q0000000

L random change

(o) Jeje) JeX J°)

4 children

00000000

Q0000000

Computational Cycle
Designed Form
2.11.2022

22

01.11.2022

11



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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h1=hz2=h3 =160

A,, DS Aalto University
Design of Structures

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=hz2=h3 =160

4 " 4
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Lahdelma & Mahlamaéki: Trigoni High-Rise]|
Pasila, Helsinki, Finland, 2018-27|
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An evolutionary climate-responsive urban model
What is the best possible neighborhésu.*

(igh Temperature

Serenc)
. Eminomen
7 pincpies sunstoding
@ ; Dally /seasonal
H Vovement
Gt
e

| volume: 16387m |

\;aifbivc,)_ﬂd
Volume: 16537

environmental principles are used for the generation of
variations of the basic building type of a courtyard house

L=y

retll
=/ P

re-arrangement within

e
i

- o = thepatch
il . [ =]
a GA,«] 12 patches from the first cluster 2
oo 12 patches fom the secondcostr
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+

Mutation (1-):
Floor Additon
Floor Reduction

| volume(1) = volume(2)

S

e

g M E I e
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combinations of these variations of the basic building type
are combined on an urban patch using cellular automata

Patch generation

 The aimis o clustr those blocks whose volumes in
ot would represent smilar vlues, maintaining
+ the same density

Iiutationta)

Yits 2y & arangemen o 4 chosen blck) s
\subjected o the sudoko logc o achieve varations
Tondat thesame tme avoiding he some
1bloksbefngadacent ogether.

IMutation 1:6)

[foosese —

: eceasewitin e e
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Fatemeh Nasseri,Yasaman Mousavi]
Metabolism and Culture: An evolutionary

climate-responsive urban model

Master Thesis, Architectural Association, 2011
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An evolutionary climate-responsive urban model
What is the best possible neighborhood?

Non it specifc strategy

Block scale/patch scale

aplots aplots
L same censity patches
"o Blocks

z

Generate urban patch
using cellular automata

Sudokulogic
120aich
r aangements o

Dy

&% Genersion Generatont
FEBE i
5 s

Modify urban patch
using Evolutionary Optimization

Mot

inbierarchy i
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1
Z
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n
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Siab moveme
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2
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B
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f Sie specifcsuategy
1 Neighbouhood sesle
ste
— -

Pedestrianintensity  Atraction/ Repel
(around theste) Factors

Nodes generation Publcspace
wih wodly path
(nodes 3¢ eed point]

distrbution

Residentil Density

Conesponding_|
density patch

dictates
patch orentation

Fatemeh Nasseri,Yasaman Mousavi

Metabolism and Culture: An evolutionary
climate-responsive urban model

. Master Thesis, Architectural Association, 2011,
29 Computational Cycle
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population

Gentaz Genl1a

Gentig Gen119

| |

Genl13

Gent.17

Genl19

Gent.110

Gent.L11

A,, DS Aalto University
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Height modification % } L
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Gentt Gent.112

Genl1a

Gent.18

Fatemeh Nasseri,Yasaman Mousavi]
Gent.112 Metabolism and Culture: An evolutionary

climate-responsive urban model
Master Thesis, Architectural Association, 2011
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Evaluation A
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fitness(1)  Insolation analysis at pedestrian level
fitness(2) - Average solar radiation on the roof i
Iy
Lt sal g
- Open surface /Total surface Ll gt
fitness(3) )

Evaluation(1)

24 patches

- Average solar radiation on the facade

- Sky view factor

Generation 2
31
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Fatemeh Nasseri,Yasaman Mousavi
Metabolism and Culture: An evolutionary}
climate-responsive urban model

Master Thesis, Architectural Association, 2011,
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Mutation
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oy

Generation(2)
" mutation
external input
horizontal

slab movement:

12 patches

south /west
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Fatemeh Nasseri,Yasaman Mousavi:
Metabolism and Culture: An evolutionary|
climate-responsive urban model

Master Thesis, Architectural Association, 2011
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Evaluation B

7

external input

mutation

horizontal
slab movement

Generation(2)

12 patches.

Total average solar radiation

BBBAANEE:: ¢

fitness(1) »
fitness(2) -Total amount of balconies
-2.5 m width balconies area /
total balconies area
Fatemeh Nasseri,Yasaman Mousavi:
Metabolism and Culture: An evolutionary|
climate-responsive urban modell
Master Thesis, Architectural Association, 2011
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Generation2
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[ ——
iy Fatemeh Nasseri,Yasaman Mousavi
Metabolism and Culture: An evolutionary
climate-responsive urban model
Master Thesis, Architectural Association, 2011
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An evolutionary climate-responsive urban model
What is the best possible neighborhood?

steady flow of air by convection

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.

Fatemeh Nasseri,Yasaman Mousavi
Metabolism and Culture: An evolutionary}
climate-responsive urban model

Master Thesis, Architectural Association, 2011,
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Masdar City, United Arab Emirates, 2008-2030;
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Hydroville

Growth of branches

Main canal

Water body

A’DS

Aalto University
Design of Structures

Road network

River system

Qiangian Yu,Yu Chen:

Hydroville: Adaptive Living System in Southeast Asian Riverside|
Master Thesis, Architectural Association, 2011
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Hydroville
points distribution
I
1 I
— I
— |
— \
— |
|
growth of streets
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Qiangian Yu,Yu Chen:
Hydroville: Adaptive Living System in Southeast Asian Riverside
Master Thesis, Architectural Association, 2011
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Hydroville
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Mainstucture
| (dusionlimedaggregoton)

b qu
p e

Qiangian Yu,Yu Chen:
Hydroville: Adaptive Living System in Southeast Asian Riverside|
Master Thesis, Architectural Association, 2011
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Hydroville

dweting! welings

Agricutrue

P L G N

Dweling

Subdivisiongrid

" Qiangian Yu,Yu Chen:
ive LTyng System in Southeast Asian Riverside|
‘Master Thesis, Architectural Association, 2011

............. > Femesessaneid
.
Computational Cycle
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Hydroville: Adaj

Istsubdision
n 33 DS Aalto University
Design of Structures Toni Kotnik, Professor of Design of Structures
Hydroville
Agriculture
Waterstorage. (fshfarming floating rice)
2 Drainage channel
(gravity-based)
Artificial water system
Existing street
Connection
(onthe ground )
Connection
(ontheroof)

Qiangian Yu,Yu Chen:

Hydroville: Adaptive 'Living System in Southeast Asian Riverside]
z Master Thesis, Architectural Association, 2011

Schematic drawing(dry season)
42 Computational Cycle
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Hydroville

Semi-watredefence

Artificial water system

Existing street Boat route

Circulation

(on the roof )

bl Qiangian Yu,Yu Chen:
Hydroville: Adaptive Living System in Southeast Asian Riverside
 Master Thesis, Architectural Association, 2011

Schematic drawing(wet season)
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Computational Cycle
Performative Form
| Sustainable Design Thinking
aH=M-E2C:R g
0]
z
w
>
o
2=
5 i
£ § - passive 5
= § material & form system @
2 s> for microclimatic § 5
5 EE modulation oll&
T £ ® || <
g 1
Regionality (I
. local conditions
% stable
a4 Computational Cycle
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Computational Cycle

Performative Form
Found Form

Observation |

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

active
system
Observation Il
architecture is ecosystem engineering (aterial & form passive
architecture is prosthetic nature modulation system
Observation lll configuration
from static isolation to dynamic porosity Regionality
architecture as an open system of fluid exchange local conditions
stable
Observation IV
from top-down control to bottom-up process
architecture as adaptive generation to environmental conditions
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Computational Cycle
Performative Form
Found Form
Designed Form
computational design thinking
is of central importance for a
sustainable future
active
system
Natural Computation material & form passive
new methods of composition of form for microclimatic system
P modulation
Cellular Automata
inspired by intercellular communication . .
Neural Computation configuration
inspired by the functioning of the brain Regionality
o Evolutl_o_nary Co_mputatlt_)n local conditions
inspired by Darwinian evolution of species
Nature-Inspired Algorithms stable
inspired by behavior of groups of organism
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