Journal of Iranian Architecture & Urbanism. 13(2): 73-88, Fall & Winter 2022

Journal of Iranian Architecture & Urbanism

(JIAU)
Homepage: https://www.isau.ir/

| ORIGINAL RESEARCH PAPER

Investigating the Evolution of Computation Role in Simulating the Formation Process of Natural
Phenomena for Generating Architectural Forms *

Yashar Gharachamani Asl

, Mohammad Baharvand >**-, Sahar Tofan *

1Ph.D. Candidate in Architecture, Department of Architecture, Isfahan (Khorasgan) Branch, Islamic Azad University, Isfahan, Iran.
2 Assistant Professor, Department of Architecture, Isfahan (Khorasgan) Branch, Islamic Azad University, Isfahan, Iran.
3Associate Professor, Department of Architecture, Faculty of Arts and Architecture, Tabriz Branch, Islamic Azad University, Tabriz, Iran.

ARTICLE INFO Extended ABSTRACT

Article History: . ACKGROUND AND OBIJECTIVES: Thinking about nature and paying attention to how
Received 2020/08/11 i ¥ biological phenomena grow and take shape has a long history and is more valuable
Revised 2020/10/01 ithan superficial and formal imitation. But more scientific and technical ability is needed
Accepted 2021/01/09 ito implement it in practice. This may be due to the superficial selection of complex and

Available Online  2022/12/31

Keywords:

Biology

Growth Pattern

Differential Growth Algorithm
Computer Form Generation

Use your device to scan
and read the article online

[=] S5 (=]
: 2

Number of References

58

Number of Figures

19

Number of Tables

2

© 2022, JIAU. All rights reserved.

i unambiguous topics due to weaknesses in scientific fields or lack of technical facilities
i for implementation. Given the technical and scientific developments in recent decades,
§the possibility of such an inherent approach is not far from the mind. The emergence of
inew theories and computing methods derived from biological systems over the past few
i decades has made it possible to deepen the principles and rules of the form production
i process. The main question is: how can biological growth and formation patterns be used
Eto methodize the process of producing architectural forms? The main purpose of this
iarticle is to investigate the modeling and growth processes in biological phenomena to
i be used in the methodization of the form production process in architecture. One of the
patterns in the growth process of biological phenomena is the differential growth pattern.

ETHODS: The research method in the present research is descriptive-analytical,

and data collection includes library studies and documents. First, the theoretical
§and practical backgrounds of computing inspired by biological principles and their
i evolutionary evolution were examined. Then, using a simulation research method with
ia logical reasoning strategy, different growth patterns were formed. Finally, during the
i process, the production of the architectural form was tested and examined. In a simulation
%experiment, a model of the growth pattern was presented in the production of computer
iforms. In the analytical part of the present study, considering the importance of the role
i of algorithmic thinking in modeling the growth process and the formation of biological
i phenomena for the computational production of an architectural form, a logical reasoning
istrategy was established to provide a logical thinking system for realizing a relationship
ibetween biological realities in the growth process. It has been used to form a general
i conceptual framework in order to describe the subject and formulate growth guidelines
i using the abstract values of producing architectural form.

INDINGS: This research started with the classification and analysis of theories in the

field of computing inspired by biological processes, according to the time hierarchy
%of their occurrence, then continued with the introduction of new computing methods
{inspired by biological principles. Finally, this research was completed using such theories
iand methods in the production of the digital form. The result is evidence of the historical
iand evolutionary course of such an approach from theory to practice. For more clarity,
étheories, methods, and manufacturing processes are presented below with an evolution
itimeline, which is a new step in this field of research. Achieving the ability to simulate
i computational theories demonstrates the possibility of modeling growth processes and
i the formation of biological phenomena in the process of producing an architectural form
galong a path called computing. In this process, the growth algorithm is programmed
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?within the software environment and then equated. So that all the parameters affecting
i the formation and growth of the organism are identified and entered into the algorithm,
iand then the virtual growth process takes place. The result of such an algorithm is the
i application of the construction method of these organisms to architectural projects and
i the use of the characteristics of that organism to increase the efficiency of space. In this
process, architecture can inherit the qualities that the process of natural products has
i given to the organism and imitate them in their appearance and form, as well as in their
i function and behavior..

ONCLUSION: The form of the process is first generated in the virtual environment

by entering various environmental parameters as well as various growth patterns.
Then, if it responds to the mentioned environmental conditions and parameters, it will be
i placed in the path of digital manufacturing and built physically. As a result, the presence
i of such forms in the not-too-distant future in urban environments and architecture is still
i being determined. Therefore, the direction of research is more in the field of opinion.
Nevertheless, attempts have been made in the field of architecture to create a new design
logic based on the path of growth patterns. Naturally, this research is the beginning of
i further research in areas such as biology and algorithms. Subsequent researchers can
i examine and test other natural patterns, with a wider range of variables, in the algorithmic
i process, and step into the development of the research literature. The main result is that
%algorithmic simulation of growth patterns and the formation of biological phenomena
i through the computer channel can effectively create new methods for the architectural
i form production process.

i HIGHLIGHTS:

i- By using algorithms to simulate the growth patterns of biological phenomena on a
computer, new ways of making architectural forms can be found.

i - By using a set of rules in the form of code, it is possible to produce an architectural form
i in a self-organizing process.

i - Forms are generated in cyberspace with various environmental parameters and patterns.
If it responds to the conditions, it will be on the path of digital manufacturing.
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Fig. 5. Form formation process in the material system (Kudless, 2018)
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Fig. 8. Polytrid project form production process
(Sabin, 2019)
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Fig. 13. Ultraviolet rays of 54 spikelets at different
stages of growth (Hensel, Menges & Weinstock, 2013, 5)
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Fig. 14. Diagram of the relationship between genetic factors (internal factor) and environmental factors (external factor)
in the growth process (Guidera, 2011)
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Fig. 15. Left: Examples of plant differential growth; Right: Examples of differential growth of microbial populations
(Tonner et al., 2016)

adg anlp o ad; oSl wlidl op i 13

il 0l e S S B s (g)lese 08
S y—aly Lo g5t Gdon ) Sleslitwl Lo
5 el 5l oolizul Ly ol osl so (ilate Yool
S8 Jdog g a3 050 Lools alaie Yl
el 48 S S e oyl Sy 488
oo oyl e el bl s e
B o (gl Ghgy Gk ot 655155 e
a8 S IS b s s il oo S
30 o= Gl d Gobsd S g boa el oad
Gt )0 0,8 A a8 g el 4 e g Al (s
ISt s e L Sy g S
93] JmaSe Al oo (53l o S
Grout &) oS’ 25 1y iz —ospie pllas g ol
el o glwancs 3dos cias> 4o (Wang, 2005
claslus, Ly Lyl s sa s 8 o5l wasilon
STl 1o Lugy sln Lobss saalllae (g1, o sl
ke 4o (Clipson,1993) ceul Laslayy, L Lyl
S35 09bise Jole ilaie ol I 4l

66)L_.~»J4M u9_>)L> )o OJ_AT Sy JJ_.A —

a5 090 e ol 3 |, aSlalET auslie saio;
g Jool> gilwad 3dod a Solas a g
Sl gmn gz lacasdly 6,00 1SS A Ll
slmosuay i) anl b a gilome (oao JSb i
2l o (e Jy—azme dn a gl sl A anb
Jol> ol DY 25 (g )lone o8 0 dgs () 50
e )]l Bae ol iagy o i aile

G (w9

ol in 53’ G Gy Bdsd b, E9

LMLl 5 )510,5 bsy 5 (sl —(hog O jg0 any
Sy LBy (o2 5 oy 45 435 G
O—S L slel 5l bl o562 5o C,_]a.ay el
Ls—';L“} U?—’)b S ‘ﬁ)—é “’*—’JS‘ gr““u) "\—"’l)'e
5wl a5 as il s 06T e 5 aal>
d—igod ()‘9-_‘-“ T e e e Y ]
) ‘u‘ — Q_YL’> W.A_M:J&O 9 uuw‘ 8Oy
9 J—dos (bl o0, S By e g

g Ly sl gy i i 5

258 51 ool msSl 5o Saiy jo8Ul L SE Al Cen
Sy Gl () sl (S SIS g 0
—ilate JYawl o, ol g lexe p, 8 (il
Sl ) (i (653 pla S 58 S
3 3290 Gy sl (e goeddal,
(&)lome o8 o celyl gla syl Ly oty o il
S i Cs )l S S S S o
Jodlygis g g E9—dge g is Sl o
O 6).5J5_w )l S .l o0 ool W,
il gy oo s (gLt Cgzr o ihats pLLy
Ol LS cal o3g—ai oal 3 1, ()05l (g5lwand
S—tly by 488 b o a 5 Sadge
20,5 Aol 20 e S o thaie JYas



eer SROMN (5 55 IS ST 5 (5 3lwgSI 40 LNy B i3 o5 g w5

YY—AA Slio /Y 6 jlois . \¥ 0358 . 1P Gliaso 3 s

Lyl o L Mlacusgame 5l (S0 lgme 4y a s ol
9 0 25 0 58 A 0 e sy (sl Ayl
S dy o awais b5l 6,5 580 asan
adin T oy S Ly (e pgd B, 40 5 9mlise
B SJJ C‘)M‘ Ls‘)—‘ s \))‘Q Sg—>9 03—y J)_...Ss
A oo 8 Lol o 1) ol UG o ad> 6
s—bla Ll a8 a4 sm ad> e 0%, 5
95 = S O3S (b 9 G 95 2 2
g9 bl Glo—e any 1y oo (59, = ptr 9 25
od_i)'f).gd_iiojd‘s_&d_gs)_féj_;d:_w.é_l)’fﬁd_&)
c_‘)‘s =R D)9 u,u_") LJ“_’)JL" ) LJLQ.MO 4SS ool
L;‘A.._wb 9 ‘r)l-hﬁ Ll O l_Qj)S U_" RER P
Wloa i Olzil i e jo calize sloa g

Silwand sloadlge oslulipgs pl5

ORI I (N ONp N SNSRI J51 PR WY ORIV
dss e s as o ay g, fy tsS
Lol 5 bl s> (glo, S s 5] aile poes i
Lyl o 0,5 solel 5l ey ai anles bog s Ly
gl g alols Job oo )ai Oy dn gjlwand
3&4&@63));@%@50M0b)u‘_‘>‘~\4

.é)a_‘;‘sa ul_'

owled g (2l by olxsl rpgm o8

9 Gl pgal L%‘J—f ‘5—0-1%.)5*?1]' =l e o

o=l an il o lere p s adg ol b s us)
S =ialy s Sy wlly sl gl as &g
A odd a5 s ol ygiws g iled 5 0,5 o
Liles a5 Ja—ame ooy a olilejlow 095 & joo
Lmools Jdod a0 o gl o))l le—e 4
Slatusgame 0 ol X iogh 45 a2 oo ojl 2|
b ga S ale gilwan b o Suw
(Tedeschi, 2014) ool cws J,—uS =z
57 bl 5 asisiél o3 57 ol S5l sl il 3

] od_lé)f oolai__wl d_los.!)./a Lsuuj)b

Loosls Judo
%y 3950 (63w
Solmoro oy e gi a1 58

ool il ind 0, o 4 a5 g bilen

A 1,
[(Cary

)J ”}.&J"é A\

PO B NS RN\ P IS SR .
5 Ul o Jss o S 5 s v
ol 5 390 ol iS5 s L Ll
iy (o )88 by (il o a2 g L 5 kgl
Job et 5 (288 Dl (o] )0 aS Culon
P Lap] 0)5 55 5l oS sl L plalyi Laalais (s
eSS o o0l zge 0Ss ) aRte slalols
Job angi (ol o9t oo ;L3 90 s (59, LS
Se sy b i sl et LS - ke
US|, cmaslelnsgs (e 45 0l o L] peba o
2355 (3l Gimlesl el e oo oo
aalsl o g lore p 8 0 Jg (gl ilyans 0

(V8 s el oais ools sl

3348 sl 1 ol

uw._ej_w JL‘““‘ML}““_"Jﬁ‘ 4_1.7-)./:' ) :HJA_A—

Fig. 16. Visual programming process of differential growth algorithm in producing architectural form

0"

LI BRaN |

c

];. 3

(S -

[y

[ 1]
b

I’

23

I

\o
(73




‘A‘h.' Va1 M g
ol | 5% e (G
A}‘\r:"’&\ LD

99

s |l o 4 P
O g (S 3 et gl § (S gl

ol

s

YP—AA Slxio /Y 0 jlods . ¥ 0,458 . 1P liams ) 9 3l

b s g let hecnn dhol sinz ! iy

p 8 g oo odmline VA Sl jo 4l ail o
2Bialed obigh S Bl ) (e |y ol
uJ)f )_Ia; B djl_o.uo

G S A g Sy

grbe Slolai oo g gt Ly oGyl o0
Lot bad cny sloass ] 8 5l ppdo bl 059> 4o
w5 el ol g985 Sy il e ddis 4 g5
Jo—ol 3l pee (L], (g slasty, anll b (s
Oz 5 L Loled g a3l aalol ool )
Jlmzms pyb ade g Cols o mlaty) 5 Sl
TR RSURIS-X g B EX U S0 SRLINE- P W £
o S 4 (6595 Ceomns 3l (63,09, iz (S
&fﬁ))aswwgwuuwbw
an g Loy, wlo b (o958 e 5l (Slej 2oz )l
55 =8 D93 g9 0 A 00,5 o anl oy g cal
OHGA S (R 0)9—> U‘-"‘ 5
sloay o oo oo lis Al oo Slej oy ;2
o8 Feas il bl ojem yo 2 dae cBlbean)
Jl_‘> 29 il aalol 05_‘5 [y 9 od_).\))f )LCT w..._w...l
S (b i g aes L (Hy il (0955
ool 9 Ao NA-)-Q—A-&JS) u)ﬁ_.o a ‘f....ul.t‘) 0)9—= é)‘s
.oo)jsoi ounlie ‘LQU] u,uL».u‘ = 6)LAM ra)J H
pr2 el g (bl (b (Slej Jgaa ) Joux

o295 sbadl el p gjlwand

A8 Ay ead jlwand bl d S Jo e

Sl VY US4 el sis ol oilej 03y S
p 8 (S IS 4 sl ) ami Ll oal oolo
45555k cotilejlwogs ad ) oanyy wlowly (6 lase
W £y b slmondy (e 0 4S
» b 29890 pe—tde (lwly
o=dlige rmady ol bl s o0 (ol b
05 UsS sloanl gl v a S a s (loa
5 45 &l dmosssy 0,5 6T S g 0,
0 ale eyl 5o eand plamil ol d o il
OmRlr ady o)sl o (mgaal g g (e g50S
A o Sl 0a0 S (e Jy—ame 4 a o
Gl azg bz an lons pyd 3l a il 0
JSb ) o S ISt 0t lE o e o 4
Sl o wmleios g ab) laJeadl s
g oailejlwogs Oy ay ga B iz Jeame
2 azmliz b oo JSb ) pogde el
29 sl s ) -‘—‘-".—‘)5’}‘ Jol> Sy ;5]
> Jlms g s el anl b S o s 0l
DB 5 st ol Gl et 5 s)lere sloos
Seslaiul pilive 1ol ol o gl aples cway |y 59>
siles Jltzms adgi g sl slolpl g LasSiass
GO A 5 Selfiwd 5 (gum dw sl i
Jems oy s el g bl plw s

D)

Fig. 17. Growth process of the architectural form generated based on the differential growth algorithm in the third
experiment

Fig. 18. Hypothetical exhibition booth form from the differential growth process of simulation experiments



eer SROMN (5 55 IS ST 5 (5 3lwgSI 40 LNy B i3 o5 g w5

YY—AA Olxio /Y o 5lois . 1Y 0550 . 1Fel Glino 9 3l

Bl sl e O sl S5y 5l s —So e s
Sl e AT d ol 4 ol ane kb 1lS
Pl an b a g a T B a S, Slaceas
5ol ety ol 050, ol an e ulon oy
S A e DB INIBEOPESS S
5o oad plodl sl yioghy o cewl 53 an p3Y ool
Pt =2 sl )3 egmady @i 35 el
L bl Glopims Gl gatoalad]) )18
NS 5 95D o0 9SU il Jo—ol
bl a3 S e s glasSll (g5lacss )8
aST gylans py8 s (giliiadss, At )0
sboossss 5l 6)lom oS iz wEl 00l (65

DS st 3 ) ey Ay (S

O el Cen) Sl gy aSTS

ol gimnd (s Ftes Oy am o8 SRS USS po
) sl 595LeS sl o celid oy
Sla g, 5l eolaiwl Lo, ol 3 SO o ailb oo
59 dled oo g—ed g 0 >l J o L,
ol Lo —slss Sl glaegamme (65,10 Ly a4
Solme s Sy Slygn A5 S 4y o )
18 D905y 033l 3w g o n18 Sy o )
slasbly oload oo i) v ,68 cgould o >

Wi oylie g9, 0 L5 o 4 (600 053 aa
oy 0y 5o (ibly sla by i @ (255
s 5 U] 5 oy 93,5 0 sa0la 0,5
4S5 Sl (pge 8wy g cSlw (B e
ool 0408 (At 508 S5 4 ) Sy 0
pleol aall jguS L , 31 ams S (b wenlys o
bl Gimly 05 e o (e Bes (S LY
P39 jlw g el (i g adg g cob o0
Sl— O a2 ol (b o il o 5 lens
prd adg 0je>)3 HoSde Sl ks il (63,8
ol o 4b1E 5y Shae el g)Lane iy,
u_;l )9 0d—es ul_>J.’m O99= Lé_ll.'>- | o.x_;.o)f 0)9—=>
(V Jga) o)l 990 ol 5l s iso
(o=l Sl (glwand jo (Uly Joa
5 0y slman b g5lawsSll (g dy oSl 5l Lt
prd i 0 Td )0 ) slmonyay (S S
Ol 5ol AL s S (g e 50 (55lane
S5l slasbly gldd jo ad; oSl
sLpially als 4 Sy b 4y 0900 55l olas
u;’-l—“ufﬁ?’lf)‘ Sl 9 S SISy Hl0S 30
Sy a1y e g gD 0l oy o L eons
Jloel (e yol iz Amis 0,5 Oj50 (55l
Golens sboosgn y— Lapsdl )| (pml cobw o,

Table 1. Timeline of computer design and construction of a biology-inspired architectural form from 1940 to 1990

1940s 1950s 1950s 1960s 1960s 1970s 1970s 1980s 1980s 1990s
Theory Artificial Neural Network Bionic L-system Meme(tic) Swarm Intelligence
Warren McCulloch, Jack E. Steele Aristid Lindenmayer Richard Dawkings Gerado Beni, Jing wang

Walter Pitts 1958 1968 1976 1989

1943 Biomimetics Genetic Algorithm Fractal Theory A-Life
Cellular automata Otto Schmitt Evolutionary Benoit Mandelbrot Christopher Langton

Von Neumann 1950 Computation 1975 1986

John Holland Allometry and
1960 Architecture Form
Ranko Bon
1972
Fabrication

Computational
Form Generation

Form

Table 2. Timeline of computer design and construction of biology-inspired architectural form from 2011 to 2019

1990 2000 2000 2019
Theory Biomimicry The application of the former theories in subsequent sections is noticeable
Jenine Benyus
1997
Fabrication There has not been organized methods EMERGENT/Tom Wiscombe
Michael Rosenman and John Dennis Dollens Prototype I-111 2009
Computational Form Gero 2005 Dragonfly 2007
Generation 1996 Genre 8 Jenny Sabin and Peter Llord Jones, Lab Studio
Fractal Geometry in Una-May O'Reilly, Martin 2008
Architecture & Design Hemberg, Peter Testa Neri Oxman Materilecology
Carl Bovill 2001 2007
1996 Chris Bosse, Digital Origami, Entry Paradise
Induction Design Pavilion 2007
Makoto Watanabe Matsys/ Andrew Kudless C-Wall
1995 2006
Evolutionary Design Honeycomb Wall
John Frazer 2006
1995 Emergent Technologies and Design
Form Eugene Tsui 1999 Federation Square Lab Michael Hensel, Achim Menges 2006

Greg Lynn 1995

Avrchitecture Studio 2002
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Fig. 19. Logic governing the differential growth algorithm in the process of producing the architectural form of the
third experiment
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