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requirements, methods are sought to address
these complexities. Genetic algorithms offer
an effective solution to the problem allowing
PXOWLSOHFRQVWUDLQWVWRFRPSHWHDVWKHV\VWHP
HYROYHVWRZDUGVDQRSWLPXPFRQÀJXUDWLRQ
WKDWIXOÀOOVWKRVHFRQVWUDLQWV$FDVHVWXG\
is presented that involves a distribution of
DUFKLWHFWXUDOSURJUDPVVXFKDVUHVLGHQWLDORIÀFH
and retail spaces with multiple environmental,
functional, and economic constraints.
A genetic algorithm (GA) is a search technique
IRURSWLPL]LQJRUVROYLQJDSUREOHP,WV
PHFKDQLVPLVEDVHGRQHYROXWLRQDU\ELRORJ\
using terms and processes such as genomes,
chromosomes, cross-over, mutation, or selection.
The evolution starts from a population of
FRPSOHWHO\UDQGRPLQGLYLGXDOVDQGKDSSHQV
LQJHQHUDWLRQV,QHDFKJHQHUDWLRQWKHÀWQHVV
of the whole population is evaluated, multiple
LQGLYLGXDOVDUHVWRFKDVWLFDOO\VHOHFWHGIURP
WKHFXUUHQWSRSXODWLRQ EDVHGRQWKHLUÀWQHVV 
PRGLÀHG PXWDWHGRUUHFRPELQHG WRIRUPDQHZ
population, which becomes current in the next
iteration of the algorithm.
Genetic algorithms originated from the studies
RIFHOOXODUDXWRPDWDFRQGXFWHGE\-RKQ+ROODQG
DQGKLVFROOHDJXHVDWWKH8QLYHUVLW\RI0LFKLJDQ
(Holland, 1992). Research in GAs remained
ODUJHO\WKHRUHWLFDOXQWLOWKHPLGVZKHQ
a dramatic increase in desktop computational
power allowed for practical application of the
new technique.
In architecture, GAs are of special interest
PDLQO\EHFDXVHRIWKHLUDELOLW\WRDGGUHVVD
SUREOHPRIIHULQJDPXOWLSOLFLW\RISRVVLEOH
VROXWLRQV&RQWUDU\WRRWKHUDOJRULWKPVZKHUH
WKHREMHFWLYHLVWRDFFRPPRGDWHDPDQXDOO\
conceived parti or diagram, GAs are emergent
procedures that evolve over time through
PXOWLSOHDWWHPSWF\FOHV LHJHQHUDWLRQV DQG
therefore offer a bottom-up approach to design.
,QDGGLWLRQE\XVLQJWKHFRPSXWDWLRQDOSRZHURI
FRPSXWHUVWKH\FDQUHVROYHFRPSOH[LQWHUDFWLRQV
between multiple factors and under multiple
FRQVWUDLQWVRIIHULQJVROXWLRQVWKDWRFFDVLRQDOO\
surprise the designer.
2. The Problem
2QHRIWKHPDLQSUREOHPVLQDUFKLWHFWXUHWRGD\
LVWKHTXDQWLW\RIWKHLQIRUPDWLRQDQGWKHOHYHO
RIFRPSOH[LW\LQYROYHGLQPRVWEXLOGLQJSURMHFWV
$VJOREDOL]DWLRQDQGHFRQRPLFGHYHORSPHQW
has started to arise at unprecedented levels,
the need for large urban developments have
become commonplace. Housing projects for
a few hundreds to thousands of people have
started to emerge over large urban areas. In
such cases, the old paradigm for housing design
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1. I ntroduction
As architectural projects are becoming
LQFUHDVLQJO\PRUHFRPSOH[LQWKHLUIRUPDO
manifestation as well as their functional
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was the development of high rises that served
DVVWDFNLQJGHYLFHVIRUPXOWLSOHIDPLO\KRXVLQJ
XQLWV6XFKDGLUHFWLRQZDVXQIRUWXQDWHO\WKH
RQO\ZD\WRDGGUHVVH[FHVVLYHFRPSOH[LW\XVLQJ
PDQXDOGHVLJQVNLOOVPDLQO\EHFDXVHLWZDVVLPSOH
to conceive but also simple to construct. The
unfortunate nature of this approach lies rather
LQWKHXQLIRUPLW\VLPLODULW\DQGLQYDULDELOLW\
that these projects express in comparison to
LQGLYLGXDOLW\GLVFUHWHQHVVDQGLGHQWLW\WKDW
human beings and families manifest.
Genetic algorithms solve local neighborhood
behavior and then move further to resolve global
WRWKHV\VWHPLVVXHV,QWKDWZD\WKHUHLVDQ
emergent behavior embedded in the process of
deriving possible solutions to a design problem.
This behavior is based on the premise that
LQGLYLGXDOXQLWVXQGHUFHUWDLQFRQVWUDLQWVPD\
HPHUJHLQWRJOREDOO\IXQFWLRQDOFRQÀJXUDWLRQVE\
resolving their local neighboring conditions in a
UHSHWLWLYHPDQQHU&RQWUDU\WRFRPPRQEHOLHI
VXFKVHHPLQJO\FKDRWLFORFDOEHKDYLRUGRHVQRW
QHFHVVDULO\UHVXOWLQWRFKDRWLFRYHUDOOEHKDYLRU
but rather into an evolved form that solved the
local constraints.
2QHRIWKHPDLQDUHDVRIFRPSOH[LW\WKDW
FRXOGEHQHÀWDUFKLWHFWXUHLVLQSODQQLQJ,Q
these projects there is a series of architectural
programs that need to be arranged in various
VFKHPHVWKDWZLOOIXOÀOOPXOWLSOHIXQFWLRQDO
HQYLURQPHQWDODQGHFRQRPLFFRQVWUDLQWV:KLOH
VPDOOEXLOGLQJVPD\EHVROYDEOHZLWKLQRQH
DUFKLWHFW·VGHVLJQFDSDELOLWLHVWKHGHVLJQDQG
planning of large projects with several thousand
inhabitants is a challenge. The problem here is
WRIXOÀOODOOFRPSOH[UHTXLUHPHQWVZLWKRXWXVLQJ
conventional repetitive high-rise patterns.
3. Methodology
The distribution of the various architectural
programs is investigated within the given search
space in this project. The programmed elements
are represented as color coded cells (Red for
commercial space, Blue for residential space,
DQG*UHHQIRURIÀFHVSDFH LQWKHKH[DJRQDO
JULGHQYLURQPHQWVDQGYDULRXVDGMDFHQF\
UHODWLRQVKLSVEHWZHHQWKHGLIIHUHQWFHOOW\SHV
the constructiveness of the resulting structures,
UHDOHVWDWHVYDOXHVDQGWKHRYHUDOOGHQVLW\
DUHHYDOXDWHG+\SRWKHWLFDO[[WKUHH
dimensional grids are used as a generic sample
environment space to view the distribution
SDWWHUQVRIWKHWKUHHFHOOW\SHV+H[DJRQDO
JULGLVFKRVHQLQKRUL]RQWDOGLUHFWLRQWR
simulate homogeneous Cellular Relationships.
Implementation of the Scale will be depending
on the evaluation factors of the cells. Creating
WKHGLVWULEXWLRQVZKLFKVDWLVÀHVWKHDERYH
requirements for the lowest cost and the highest

SURÀWEHFDPHWKHPDLQDJHQGDIRUWKHSURMHFW
%H\RQGWKHFHUWDLQTXDQWLWDWLYHIDFWRUVDQGWKH
FRPSOH[LW\RIWKHSUREOHPDVHDUFKSURFHVV
was initiated that challenged the unpredictable
domain of the human perception. Thus, a
Genetic Algorithm was selected as a design/
RSWLPL]DWLRQPHWKRGIRUWKLVSURMHFW
)LUVWDUUDQJHPHQWVRIWKHXQLWVDUHPDSSHG
HQFRGHG LQWRDQDUWLÀFLDOFKURPRVRPHRID
FHUWDLQÀ[HGVL]HRIVWULQJV,QWKLVFDVHWKH\
are characters composed of four different
ASCII codes denoting four different spatial
W\SHVRIFHOOV ´µIRU9RLGVSDFH´µIRU
5HVLGHQWLDOVSDFH´µIRU2IÀFHVSDFHDQG
´µIRU&RPPHUFLDOVSDFH ,QLWLDOSRSXODWLRQV
RIVWULQJVZHUHUDQGRPO\FUHDWHGIRUWKH
manipulation using the genetic algorithm, and
WKHÀWQHVVPHDVXUH IXQFWLRQ ZDVGHÀQHG
based on the above constraints factors. More
SUHFLVHO\HYDOXDWLRQV ÀWQHVV RIWKHFHOOVDUH
V\VWHPDWLFDOO\GHÀQHGE\WKHIROORZLQJUXOHV
DQGFRGHGDVÀWQHVVIXQFWLRQVIRUWKH*$·V
RSWLPL]DWLRQSURFHVV
• Compatibilities between the neighboring
FHOOW\SHVDUHHYDOXDWHGEDVHGRQWKHDIÀQLW\
RIWKHSURSRVHGSURJUDPV)RUH[DPSOH
FRPPHUFLDOFHOOVGLUHFWO\QH[WWRWKH
UHVLGHQWLDOFHOOVZLOOEHSHQDOL]HGDQGORVH
some real estates values. Clustering of the
VDPHSURJUDPW\SHVDUHHQFRXUDJHGERWK
KRUL]RQWDODQGYHUWLFDOGLUHFWLRQVIRURIÀFH
and retail spaces. Commercial cells (shops)
FDQJDLQEHWWHUYDOXHVE\EHLQJDVWRUHIURQWDW
the ground level facing the open areas.
• Environmental evaluation was made based on
the natural lighting conditions, sounds and
YLHZVIURPHDFKFHOO)RUH[DPSOHUHVLGHQWLDO
cells can acquire higher real estates values
E\KDYLQJPRUHRSHQVLGHIDFHVZLWKRXW
adjacent cells due to the better natural
lighting conditions. The higher the cell
locations, the more the value for the units is
LQFUHDVHGE\JDLQLQJEHWWHUYLHZV
• Construction costs are evaluated based on the
constructiveness of the resulting structure as an
economic constraint. Extra foundation cost for
FHOOV DW WKH JURXQG OHYHOV SHQDOW\ FRVW IRU DQ\
cantilevered cells, and construction cost relative
to the height of the structures are applied.
'HQVLW\RIWKHRYHUDOOVWUXFWXUHLVFDOFXODWHG
relative to the whole space volume of the
JULG%HIRUHH[HFXWLRQRIRSWLPL]DWLRQ
GHVLUHGGHQVLW\UDWLRZLOOEHLQSXWWHGE\WKH
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user of the program. The deviation from the
GHVLUHGSHUFHQWDJHZLOOEHSHQDOL]HGGXULQJWKH
*$·VRSWLPL]DWLRQSURFHVVWKXVWKHJHQHUDWLYH
process of GA expect to show convergence on
WKHGHVLUHGGHQVLW\UDWLR
Relationships between the neighboring cells
cause differences in values of the structures,
and induce changes in particular tendencies
and behaviors for the overall growth of the next
RSWLPL]HGJHQHUDWLRQVRIWKHVWUXFWXUH7KHWRWDO
ÀWQHVVYDOXHZDVFDOFXODWHGE\WKHIROORZLQJ
)LWQHVV (VWLPDWHGUHDOHVWDWHYDOXHRI
WKHHQWLUHFRPSOH[SHU\HDU 
3URMHFWHG\HDUVFRQVLGHUHGIRU
WKHVWXG\²7RWDOFRQVWUXFWLRQ
IHH²'HQVLW\GHYLDWLRQ
SHQDOW\
7KLVÀWQHVVIXQFWLRQDVVLJQVDQHYDOXDWLRQVFRUH
to each chromosome in population which is
a cell arrangement pattern of each building
VFKHPHLQWKLVFDVH7KHKLJKHUDÁRRUOHYHOWKH
PRUHWKHYDOXHIRUWKHXQLWVDUHLQFUHDVHGE\
JDLQLQJEHWWHUYLHZV\HWDGGLQJDQRWKHUÁRRU
levels costs more in construction fees which
ZLOOEHGHGXFWHGIURPWKHWRWDOÀWQHVVYDOXH
7KHVHFRQWHVWLQJFRQVWUDLQWVDUHFRPPRQO\VHHQ
in real architectural programmatic issues, and
are increasing the complexities to the design
SUREOHPV8QGHUVXFK

PXOWLSOHFRQVWUDLQWVFRQGLWLRQVVHDUFKE\WKH
FRQYHQWLRQDOGHWHUPLQLVWLFPHWKRGVPD\QRW
EHDOZD\VHIIHFWLYH2YHUWKHFRXUVHRIKLVWRU\
in design, decisions tend to be determined in
DVLQJXODUO\GHWHUPLQLVWLFPDQQHUDOWKRXJKD
dramatic increase in desktop computational
power opened new potential for designers to
VROYHWKHSUREOHPVE\RSWLPL]DWLRQV7KHJHQHWLF
DOJRULWKPPDQLSXODWHVDSRSXODWLRQE\XVLQJ
the operations of reproduction, crossover, and
PXWDWLRQDQGÀQDOO\RSWLPL]HGVROXWLRQVWULQJV
were decoded into distribution pattern schemes
E\XVLQJYLVXDOL]DWLRQIXQFWLRQV
The best chromosomes from the population of
HYHU\RQHKXQGUHGJHQHUDWLRQVZHUHVDPSOHGDV
VFKHPHV8SWRWKHÀUVWRQHKXQGUHGVFKHPHV
there were rapid changes and improvement
LQWKHFHOOV·GLVWULEXWLRQSDWWHUQV$IWHURQH
thousand generation, reproduction slows
down to show the convergence into a certain
characteristics in their distribution patterns.
SURSHUVHDUFKVSDFHDQGFRQVWUDLQWVPD\SURPLVH
more practical applications into the realistic
problems in urban settings.
'LVFXVVLRQDQG&ULWLTXH
$UFKLWHFWXUDOGHVLJQKDVDORQJKLVWRU\RI
addressing complex programmatic requirements
ZLWKRXWDVSHFLÀFGHVLJQWDUJHW8QOLNHRWKHU
GHVLJQÀHOGVZKHUHWKHWDUJHWLVWRVROYHD
SDUWLFXODUSUREOHPLQWKHEHVWSRVVLEOHZD\
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)LJXUH)LWQHVV)XQFWLRQV(YDOXDWLRQEDVHGRQFHOOXODUFRPSDWLELOLW\

)LJXUH(PHUJLQJGLVWULEXWLRQSDWWHUQVZLWKYDULRXVFRQVWUDLQWV

DUFKLWHFWXUDOGHVLJQLVRSHQHQGHGÁX[DQG
XQFHUWDLQ&RGLÀHGLQIRUPDWLRQVXFKDV
VWDQGDUGVFRGHVVSHFLÀFDWLRQVRUW\SHVVLPSO\
serve the purpose of conforming to functional
UHTXLUHPHQWV\HWDUHQRWJXDUDQWHHVIRUD
successful design solution.
:KLOHFRPSOH[LW\PD\EHDFKDUDFWHULVWLFRI
PDQ\QDWXUDOV\VWHPVRUSURFHVVHVZLWKLQ
WKHÀHOGRIGHVLJQWKHVWXG\RIFRPSOH[LW\
LVDVVRFLDWHGZLWKDUWLÀFLDOV\QWKHWLFDQG
KXPDQPDGHV\VWHPV6XFKV\VWHPVGHVSLWH
being human creations, consist of parts and
UHODWLRQVKLSVDUUDQJHGLQVXFKFRPSOLFDWHGZD\V
WKDWRIWHQVXUSDVVDVLQJOHGHVLJQHU·V

DELOLW\WRWKRURXJKO\FRPSUHKHQGWKHPHYHQLI
that person is their own creator. Paradoxical as it
PD\DSSHDUKXPDQVWRGD\KDYHEHFRPHFDSDEOH
of exceeding their own intellect. Through the use
of intricate algorithms, complex computations,
DQGDGYDQFHGFRPSXWHUV\VWHPVGHVLJQHUV
are able to extend their thoughts into a once
XQNQRZQDQGXQLPDJLQDEOHZRUOGRIFRPSOH[LW\
<HWWKHLQDELOLW\RIWKHKXPDQPLQGWRVLQJOH
KDQGHGO\JUDVSH[SODLQRUSUHGLFWDUWLÀFLDO
FRPSOH[LW\LVFDXVHGPDLQO\E\TXDQWLWDWLYH
FRQVWUDLQWVWKDWLVE\WKHDPRXQWRILQIRUPDWLRQ
or the time it takes to compute it and not
QHFHVVDULO\WRWKHLQWHOOHFWXDODELOLW\RIKXPDQVWR
learn, infer, or reason about such complexities.
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:KLOHWKHTXDQWLW\DQGFRPSRVLWLRQRIH[WHUQDO
GDWDPD\DSSHDUWREHLQÀQLWHUDQGRP
RULQFRKHUHQWORJLFDOÀOWHULQJZLOOOHDG
SURJUHVVLYHO\WRDQRUGHUHGIRUPDWLRQ8QOLNH
blind randomness, genetic algorithms are
FDSDEOHRIVHOHFWLYHO\FRQWUROOLQJWKHVKDSLQJ
of information. Such algorithmic events result
IURPIDFWRUVWKDWDUHQHLWKHUDUELWUDU\QRU
SUHGLFWDEOH\HWVHHPWREHJXLGHGE\VRPHVRUW
RILQWHOOLJHQFH:KLOHWKHVHHYHQWVDUHPDGH
SRVVLEOHE\VLPXODWLQJQDWXUDOSURFHVVHVZLWKRXW
LQYROYLQJKXPDQLQWHOOLJHQFH\HWLWLVLQHYLWDEOH
to assume that some human intelligence is
involved in the selection of the natural process
WKDWEHVWÀWVWKHSUREOHPRIUDQGRPQHVV
$OJRULWKPVHPSOR\UDQGRPQHVVSUREDELOLW\RU
FRPSOH[LW\WKHRXWFRPHRIZKLFKLVXQNQRZQ
unpredictable, and unimaginable.
5. Conclusions
Recent advancement in tectonics and structural
HQJLQHHULQJHQDEOHVWKHUHDOL]DWLRQRIEXLOGLQJV
in mega scales and starts to introduce another
OD\HURIFRPSOH[LW\LQWRWKHEXLOGLQJSURJUDPV
&RQYHQWLRQDOGHVLJQPHWKRGVUHO\LQJRQWKH
preconceived knowledge based approaches
DUHQRORQJHUUHOLDEOH%H\RQGWKHFHUWDLQ
TXDQWLWDWLYHIDFWRUVDQGWKHFRPSOH[LW\RIWKH
SUREOHPVVHDUFKRFFDVLRQDOO\HQWHUVLQWRWKH
unpredictable domain of the human perception.
Computational approaches to design allows
us to go through thousands of iterations in a
VHFRQGDQGÀQGWKHVROXWLRQVHWVEH\RQGWKH
UHDFKRIGHVLJQHUV·LQWXLWLYHVHDUFKVSDFHV
Genetic Algorithm can be a potential derivative
IRUÀQGLQJRSWLPDOGHVLJQVROXWLRQIURP
LQGHWHUPLQDWHVHDUFKVSDFHVFRQVWUDLQHGE\PXOWL
dimensional factors.
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