Controlled Unpredictability: Constraining Stochastic Search as a
Form-Finding Method for Architectural Design

T his paper presents a description of the
architectural problem and of the rule building
process, images and descriptions of three
different towers produced, and an evaluation of
the algorithmic process used for
generating the form.
The succesful evolution of the experiments
show how in a computation-oriented design
process the interpretation of the problem and
WKHUXOHVHWWLQJSURFHVVSOD\DPDMRUUROHLQ
the production of architectural form, outlining
the shifting role of human designers from
form-makers to rule-builders in a computationoriented design endeavour.
1. Introduction
How can we devise a dialogue between
designers and computers that takes advantage
of the inherent capabilities of both? Recent
architectural thinking has been concerned
E\WKLVDQGRWKHUTXHVWLRQVVXUURXQGLQJWKH
FKDQJHVWKDWFXUUHQWWHFKQRORJ\FODLPVIURP
the architectural practice and from the formgeneration process in particular. Concerned with
WKHFUHDWLYHOLPLWVLPSRVHGE\VRIWZDUHWRROV
architects and designers have started to value a
GHHSHUXQGHUVWDQGLQJRIWKHFRPSXWHUEH\RQG
WKHJUDSKLFXVHULQWHUIDFHVDQGWKHVWDQGDUGL]HG
WRROVSURYLGHGE\&$'SDFNDJHV 0DQRYLFK 
End user programming languages have allowed
designers to take advantage of the potential of
WKHFRPSXWHU·VSURFHVVRUWRSHUIRUPDYHU\ODUJH
number of calculations manipulating complex
JHRPHWU\WKURXJKVFULSWLQJWKLVQHZNLQGRI
interaction with the computer is still new for
PRVWSUDFWLVLQJGHVLJQHUV\HWKDVSURYHGWR
SURYLGHDQH[WHQGHGÀHOGIRUGHVLJQH[SORUDWLRQ
/RXNLVVDV 7KHDXWRQRP\LPSOLFLWLQWKH
process of generating architectural form through
code suggests a shift in the role of the designer
from form-maker to rule-builder or breeder of
DUFKLWHFWXUDOIRUPV 'H/DQGD )ROORZLQJ
this line of tought it can be inferred that
FRQVWUDLQLQJDGHVLJQVSDFHLVDKHDYLO\FKDUJHG
design act. Providing a concrete example of this
assertion is the main goal of the experiments
presented in this document.
In this paper I put forward a concrete example of
an active dialogue between computer and human
designer that provides different solutions
WRDVSHFLÀFDUFKLWHFWXUDOSUREOHP7DNLQJWKH
program and site for a residential tower as a
theme, I document the rule-building process and
the implementation of these rules in a Stochastic
(Random) Search program written in MELScript.
7KLVGRFXPHQWFOHDUO\VKRZVKRZDGMXVWPHQWV
made in the set of rules after evaluating the
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Provided with a strict set of
rules a computer program can
perform the role of a designer.
Taking advantage of a computer’s
processing power, it can provide
an unlimited number of variations
in the form while following the
same set of constraints. This paper
delineates a model for interrelating
DUXOHEDVHGV\VWHPEDVHGRQSXUHO\
architectural considerations with
QRQGHWHUPLQLVWLFFRPSXWDWLRQDO
procedures in order to provide
controlled variations and constrained
unpredictability.
The experimental model consists of
a verisimilar architectural problem,
the design of a residential tower
with a strict program of 200 units
of different types in a given site.
Following the interpretation of the
SURJUDPDVHWRIUXOHVLVGHÀQHGE\
considering architectural concerns
such as lighting, dimensions,
circulations, etc. These rules are
then encoded in a program that
generates form in an unsupervised
manner by means of a stochastic
search algorithm. Once the program
generates a design it is evaluated,
and the parameters on the
constraints are adjusted in order to
produce a new design.
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output of the program change in a substantial
ZD\WKHQHZGHVLJQVSURGXFHGE\WKHSURJUDP
In the following section of this paper I will
describe the architectural program for the
WRZHUDQGKRZLWOHGWRWKHGHÀQLWLRQRID
set of architectural rules or constraints; in the
third section I will explain how these rules are
encoded in a MELScript program that produces
correct towers in a non-deterministic manner
using Stochastic Search, and I will show images
and descriptions of three different towers
SURGXFHGE\WKHSURJUDPH[SODLQLQJKRZ
changing the parameters of the program affected
the search space and thus the resulting form.
7KHÀQDOVHFWLRQH[DPLQHVWKHJHQHUDOLW\RIWKH
results, and suggests some discussion points on
the implications of the experiment regarding
authorship in design.
5HOHYDQWSUHFHGHQWVRIQRQGHWHUPLQLVWLF
IRUPJHQHUDWLRQVWUDWHJLHV
The use of non-deterministic methods as creative
IRUFHLVSUHVHQWLQ;;WKFHQWXU\DUWLQWKHZRUNV
E\,DQQL;HQDNLVOLNH3KLWRSUDFWD'LDPRUSKRVHV
DQG1·6KLPDLQWHUHVWLQJO\;HQDNLVRIWHQ
relied on computers for the interpretation of
this pieces. The setting of rules for musical
LQWHUSUHWDWLRQLQVRPHZRUNVE\FRPSRVHU
3LHUUH%RXOH]LVDOVRDSUHFHGHQWRIFRQVWUDLQHG
XQSUHGLFWDELOLW\LQKLV7KLUG3LDQR6RQDWD  
WKHLQWHUSUHWHUFRXOGFKRRVHIRUPDSUHÀ[HG
UDQJHRIDOWHUQDWLYHVSURYLGHGE\WKHFRPSRVHU
WKXVDOWHULQJWKHVWUXFWXUHRIWKHSLHFH%RXOH]
FDOOHGWKLVFRQYHQLHQWO\&RQWUROOHG&KDQFH
&DJH·VPXVLFRIFKDQJHVE\-RKQ&DJHLVRQH
HDUO\H[DPSOHRIDPXVLFDOSLHFHFRPSRVHG
HQWLUHO\WKURXJKUDQGRPSURFHGXUHV7KH
active role of the interpreter on an open,
cross-referenced text was developed from the
VHPLRWLFSHUVSHFWLYHE\8PEHUWR(FRLQKLV2SHQ
:RUN (FR ,QWKHGRPDLQRIDUFKLWHFWXUH
WKHXQGHUJURXQGVWDWLRQ,LGDEDVKLLQ7RN\RE\
6HL:DWDQDEHUHOLHGRQFRPSXWHUJHQHUDWHG
proposals and human-computer evaluation for
GHYHORSLQJWKHGHVLJQ :DWDQDEH 

2. Methodology
2.1 Interpreting the program
In this section I describe the architectural
program and the considerations taken into
DFFRXQWE\WKHKXPDQGHVLJQHULQRUGHUWR
develop the set of rules.
The program requires the building to place 200
UHVLGHQWLDOXQLWVLQDÁDWXUEDQVLWHZLWK

GLPHQVLRQV·[·RQDFRUQHURIWZR
streets. The design should leave at least 20% of
the area to circulations. The units to be placed
DUHGLYLGHGLQWRWKUHHJURXSVÀIW\HIÀFLHQF\
units, 400 sqft each, one hundred one-bedroom
XQLWVVTIWHDFKDQGÀIW\WZREHGURRP
units, 1600 sqft each. It is a desirable condition
for the units to face the street.
The corner condition of the site and the
SUR[LPLW\RIWKHQHLJKERXUVPDNHVWKH
north-east corner of the site inconvenient
for residential units because of poor lighting
condition and views. Looking for an arrangement
that provides a maximum of street façade to the
apartments, the core is located in the north-east
FRUQHURIWKHVLWH )LJXUH% 
7KHWKUHHGLIIHUHQWW\SHVRIXQLWVDUHVHWWRKDYH
a common width in order to allow for a regular
distribution along a modular three-dimensional
JULGWKHPRGXODULW\RIWKHJULGKDVDORJLFDO
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and a constructive reason that relates to the
FRQWLQXLW\RIWKHVWUXFWXUDOIUDPH7KHGHSWKLV
variable depending on the required area of each
XQLW8QLW&LVVSOLWLQWRWZRÁRRUVLQRUGHUWR
meet the area requirement; the small width of
the units will guarantee that a larger number of
apartments have façade on the street.
7KHZLGWKRIWKHXQLWLVUHODWHGWRWKHWRWDOVL]H
RIWKHVLWHDQGLWGHÀQHVDJULGWKDWZLOOVHUYHDV
WKHVNHOHWRQIRUWKHZKROHVWUXFWXUH )LJXUH& 
7KHUHJXODULW\RIWKHJULGLVDOWHUHGWRDOORZDOO
of the units to have optimal lighting conditions,
providing more circulation area in front of the
units located in the south-west corner of the
building. This increase in the circulation area
generates a new constraint, because the slots
in the south-east quadrant of the tower are too
VPDOOWRDOORFDWHW\SH%8QLWV7KHFLUFOHVRQWKH
JULGLQGLFDWHWKHLQVHUWLRQVSRWVIRUWKHXQLWV)RU
SURYLGLQJFRPPRQVSDFHVDQXPEHURIHPSW\
spaces will be allowed in each tower, however this
number should never be bigger than 20.
The overall orientation of the tower is
guaranteeing that most apartments have optimal
lighting conditions from the south.
2.2 Implementation in a script
In this section I show how the considerations
PDGHLQWKHSUHYLRXVRQHGHÀQHDVHWRIUXOHV
that is encoded in a compuer script.
An individual (a tower) is an arrangement
RIUDQGRPO\SODFHGXQLWVDORQJWKHWKUHH
GLPHQVLRQDOJULGRILQVHUWLRQSRLQWVGHÀQHGLQ
the previous section. The maximum number
RIÁRRUVRIWKHWRZHULVDSDUDPHWHUWKDWFDQ
be adjusted. As a result of the human-driven
problem evaluation and constraint setting
SURFHVVHDFKLQGLYLGXDORUWRZHUPXVWIXOOÀOOWKH
following rules:

At each iteration of the program, an insertion
SRLQWLVVHOHFWHGUDQGRPO\DQGRQFHLWKDV
FKHFNHGLIWKHSRLQWLVQRWDOUHDG\RFFXSLHGE\D
SUHYLRXVO\SODFHGXQLWDXQLWRIW\SHUDQGRPLV
LQVHUWHG,ILW·VEHLQJXVHGJRWRDQRWKHUUDQGRP
point and follow the same procedure. The data
structure of a tower is as follows:
( (1,1,3,3,0,3,2,2,2,3,4) , ( 2,3,3,2,1,1,1,0,3,1,1)
«DQGVRRQIRUHYH\ÁRRUXQWLOWKHUHTXLUHG
number of units is reached )
:KHUHVWDQGVIRUDQXQXVHGLQVHUWLRQSRLQW
VWDQGVIRUDQLQVHUWLRQSRLQWZLWKDQHIÀFLHQF\
2 stands for an insertion point with a 900 sqft
unit; 3 stands for an insertion point with a 1600
VTIWXQLW&RQFHSWXDOO\WKLVGDWDVWUXFWXUHFDQ
EHGHVFULEHGDVDQDUUD\RIÁRRUHOHPHQWV(DFK
one of these elements holds the information
DERXWWKHW\SHRILW·VUHVSHFWLYHXQLWVQRWLFH
WKDWWKHQXPEHURIHOHPHQWVLQDÁRRUHTXDOV
WKHQXPEHURILQVHUWLRQVORWVLQWKHÁRRUSODWH
)LJXUH& 7KHUHDUHWZRGLIIHUHQWFDVHVIRU
WKHWHUPLQDWLRQRIWKHSURJUDPWKHÀUVWRQH
occurs when the conditions are met and a
¶FRUUHFW·LQGLYLGXDOLVFUHDWHG7KHVHFRQGRQH
occurs when the maximum number of iterations
is reached without having a solution: the script
DVNVWKHXVHUWRLQFUHDVHWKHVHDUFKÀHOG
2.3 Experiments
2.3.1 First Tower
6HDUFKÀHOG VWRULHV  
0LQLPXP(PSW\6SDFHVDOORZHG 
8QLWV3ODFHG
7\SH
7\SH
7\SH
7\SH
)ORRUV
Iterations required to complete this tower: 820
Success: Yes

• The units are to be placed on the threedimensional grid of insertion points. No
more than one unit can be allocated in a
insertion point

7KHVHDUFKÀHOGGHÀQHVWKHPD[LPXPQXPEHU
RIÁRRUV7KHWRZHULVLQWHUHVWLQJDVDIRUPEXW
WRWDOO\XQIHDVLEOHDVDEXLOGLQJEHFDXVHRIWKH
GLVFRQWLQXLW\RIWKHYROXPHV )LJXUH

$7\SH%XQLWFDQQRWEHSODFHGLQDQ\RI
the south-west corner insertion points

2.3.2 Second Tower
6HDUFKÀHOG 
0LQLPXP(PSW\6SDFHVDOORZHG 
8QLWV3ODFHG
7\SH
7\SH
7\SH
7\SH
)ORRUV
1XPEHURILWHUDWLRQVUHTXLUHGE\WKHDOJRULWKP
WRÀQGWKLVVROXWLRQ

$7\SH&8QLWKDVWZRVWRULHVWKXVLW
occupies two insertion points
• A succesful tower must allocate all of the
200 units
• There cannot be more than ten unused
insertion points in one individual
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)RUWKLVWRZHUWKHVHDUFKÀHOGLVUHGXFHGWRLQ
order to produce a denser tower.
The second tower is twice as dense as the
ÀUVWRQHDQGHTXDOO\VXFFHVIXOLQWHUPVRIIXOO
SODFHPHQWRIXQLWV )LJXUH
2.3.3 Third Tower
6HDUFKÀHOG 
0LQLPXP(PSW\6SDFHVDOORZHG 
8QLWV3ODFHG
7\SH
7\SH
7\SH
7\SH
)ORRUV
)RUWKLVWRZHUWKHVHDUFKÀHOGZLOOEHUHGXFHG
WRLQRUGHUWRJHQHUDWHPRUHGHQVLW\
7KH6WRFKDVWLF6HDUFKGRHVQ·WRXWSXWDFRUUHFW
WRZHU7KLVWRZHUKDVVWLOO7\SH%8QLWVOHIW
top place. The number of iterations required to
get to this solution: 250 000. The brute force of
WKH6WRFKDVWLF6HDUFK$OJRULWKPLVQRWVXIÀFLHQW
WRÀQGDFRUUHFWVROXWLRQZLWKLQWKLVVHDUFKVSDFH
)LJXUH 
3. Discussion
7KHPHWKRGRORJ\SUHVHQWHGLQWKLVSDSHU
provides a scheme of interaction between the
GHVLJQHUDQGWKHWRROLQWKHSURFHVVRIGHÀQLQJD
search space through constraint setting and the
V\QHUJ\EHWZHHQWKHDOJRULWKPDQGDVLPSOLÀHG
but verosimile architectural problem through
human rule-building and evaluation. This is a
SDUWLFXODUPHWKRGRORJ\IRUGHVLJQH[SORUDWLRQ
EDVHGRQWKHGHÀQLWLRQRIDVHWRIUXOHVDQGWKH
implementation of a computer program that
provides solutions of a given design problem. It
shows how a clear division between the rulebuilding process and the actual production
of form fosters an active dialogue between
the computer and the human designer. The
6WRFKDVWLF6HDUFK$OJRULWKPSOD\VWKHUROHRIWKH
IRUPPDNHUZKHUHDVWKHKXPDQGHVLJQHUSOD\V

the role of the rule-builder and evaluator.
The implemented Stochastic Process is a search
algorithm that iterates over a given spatial
VWUXFWXUHDVVLJQLQJDOOHDWRU\DUFKLWHFWXUDO
HOHPHQWVWRVSHFLÀFVSRWVXQWLODVHWRI
FRQGLWLRQVGHÀQHGE\WKHUXOHVLVPHW7KH
DOOHDWRU\QDWXUHRIWKHDOJRULWKPLVLQWHQGHG
to make evident the distinction between the
rule-building and a non-deterministic formmaking process, therefore showing to what
extent in computer-oriented design problem
interpretation, rule-building and evaluation are
the most important design acts.
The tension between random methods and
design constraints is a viable alternative to
FRPSXWDWLRQDOGHVLJQ7KLVSDSHUGRHVQRWWU\
WRDVVHVVWKDWWKHSURSRVHGPHWKRGRORJ\LVWKH
RQO\ZD\WRVWDEOLVKWKLVGLDORJXHEXWLWGRHV
highlight the fact that computational design is
constraint based in nature.
It is often said that digital technologies will make
the human designer disappear; in this
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SDSHU,VKRZKRZFRPSXWDWLRQDOGHVLJQV\VWHPV
DUHDQRSHQÀHOGIRUQHZGHVLJQPHWKRGRORJLHV
and strategies that rather than making human
designers disappear, will change their role
enabling them to create new kinds of dialogues
ZLWKWKHWHFKQRORJ\DQGWKHUHIRUHQHZ
scenarios for design exploration.
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