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Emergence as a product of natural processes is a typical feature for traditional and
vernacular housing settlements created by different users with their various needs.
However, this feature disappears in housing production approaches for uniform and
standard users due to mass production concerns. The main reason is that user needs
cannot be fully transferred to design strategies due to excessive standardization. One of
the main factors in this is the need for design tools and methods that effectively evaluate
preferences with complex relationships. Shape grammars and spatial grammars, one of
the generative design approaches, exhibit original emergence examples with their rich
diversity and adaptability to different approaches. Hence, it can be seen as an
alternative for solving such problems. This article presents a parametric spatial grammar
model that can design high-rise housing blocks with a customized dwelling for each
family. The compositions of these houses are grounded on specific spatial relationships
defined by parametric rule sets. In the article, the generative design process was
developed in two stages. The first stage includes the formal, syntactical, and functional
relations of the spaces in a floor plan, their representation according to the rules, and
generating alternative solutions. The second stage consists of the representation of the
facade rules and the parametric grammar that generates the facades. In the developed
spatial grammar model, user preferences are transferred to the computer through the
designed interface. Dimensional properties of housing blocks are defined by a grid
system, which is determined according to user preferences and used as a starting base
for spatial grammar. Plan layouts are generated on this defined grid and by sequential
application of rules. In conclusion, the adaptability of spatial grammar and the rich
alternatives designers can use and develop are emphasized.
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Dogal sureglerin bir Grtnd olan belirme, farkh kullanicilarin farkli ihtiyaglarla bir araya
gelerek olusturdugu geleneksel ve yoresel konut yerlesmeleri icin tipik bir ozelliktir.
Ancak seri Uretim kaygilarina bagli, tek dize ve ortalama kullanicilar i¢in konut Uretim
yaklasimlarinda bu ¢zellik kaybolmaktadir. Buradaki temel neden, asiri standartlasmaya
bagh olarak kullanici ihtiyaclarinin  tasarim  yaklagimlarina tam anlamiyla
aktarilamamasidir. Bunda da ana etkenlerden biri, karmasik iliskiler iceren tercihlerin
etkili bir sekilde degerlendirildigi tasarim araglari ve yontemlerine duyulan ihtiyagtir.
Uretken tasarim yaklasimlarindan bicim gramerleri ve bir tirevi olan mekansal
gramerler zengin cesitliligi ile 6zgln belirme 6rnekleri sergiler ve farkl yaklasimlara
uyarlanabilir niteliktedir. Dolayisiyla, bu tir problemlerin ¢6zimdi icin bir alternatif
olarak gorulebilir. Bu makale, her aile igin 6zellestirilmis konutlara sahip ¢ok katli konut
bloklari tasariminda kullanilabilecek parametrik bir mekansal gramer modeli sunar. Bu
evlerin kompozisyonlari, parametrik kural setleri ile tanimlanan belirli mekansal iliskilere
dayalidir. Makalede Uretken tasarim slreci iki asamada gelistirilmistir. Birinci asama bir
kat planindaki mekanlarin bigimsel, sozdizimsel ve islevsel iliskilerinin kurallarla
temsillerini ve alternatif ¢ézimler Gretmeyi icerir. Ikinci asama, cephe kurallarinin
temsili ve cepheleri olusturan parametrik grameri icerir. Gelistirilen mekansal gramer
modelinde, kullanici tercihleri tasarlanan araytz araciligiyla bilgisayara aktarilmaktadir.
Konut bloklarinin boyutsal ¢zellikleri, kullanici tercihlerine gore belirlenen ve mekansal
gramer icin baslangic althigl olarak kullanilan gridal bir sistem ile tanimlanir. Plan
dizenleri tanimlanan bu izgara Uzerinde ve kurallarin ardisik uygulanmasiyla turetilir.
Sonu¢ boéliminde, mekénsal gramerin uyarlanabilir olma 6zelligine ve tasarimcilarin
kullanabilecegi ve gelistirebilecegi zengin alternatiflere vurgu yapiimaktadir.
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1. INTRODUCTION

Architectural design development processes generally begin with a
design brief used to drive a design process that starts with initial design
concepts, usually in the form of hand-drawn sketches, and ends with a
design definition (McKay et al., 2012). There are a few computational
tools in the early design phases to support designers' ways of thinking
and enhancing design creativity, for example, by offering non-obvious
design alternatives that the designer did not initially recognize. This
paper proposes a generative grammar for designing plan layouts and
facades of high-rise housing blocks within a computational design
synthesis approach.

Many researchers have studied the generative grammars in design by
shape grammar theory, which can develop architectural design
languages (Stiny, 1980a; Stiny & March, 1981; Stiny & Mitchell, 1978).
Many studies are concerned with rule-based configurations, which
consist of encoding syntactical knowledge of architectural designs.
Some of these grammars have been derived from a given corpus of
designs during the first three decades. Palladian villa plans (Stiny &
Mitchell, 1978), Bungalows of Buffalo (Downing & Flemming, 1981), the
prairie houses of Frank Lloyd Wright (Koning & Eizenberg, 1981), the
architecture of Guiseppe Terragni (Flemming, 1981), Queen Anne
houses (1987), traditional Turkish houses (Cagdas, 1996), Malagueira
houses (Duarte, 2005), and fagades of historical Brazilian town (Godoi
& Celani, 2008) exemplify these shape grammar applications. The
common point in all these studies is regenerating the solutions
belonging to various designs in a generative approach. These languages
emerged as vernacular architecture, neoclassical architecture, and the
individual designs of some well-known architects. These approaches
are an analytic type of shape grammar formalism. The researchers
created most of these grammars on paper, and only a minority was
computationally implemented like that Duarte (2005), Grasl (2012),
Granadeiro et al. (2013), and Strobbe et al. (2016).

After these studies, some researchers have studied to present new
design languages as another approach in shape grammar formalism. It
is original grammar based on generalized rules intended to create
instances of original designs. These types of grammar have not been
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prevalent as analytical grammar. There are a few kinds of research on
this subject (Hoisl & Shea, 2011).

In the literature, there are also different generative design approaches
that have benefited from the techniques like genetic algorithms and
agent-based systems that generate plan schemes for housing
apartments and other housing units (Carta et al., 2020; Gungor et al,,
2011; Guo & Li, 2017). However, this paper presents a parametric
spatial grammar for high-rise housing blocks with mass-customized
dwellings for every floor. The plan layouts of these houses are based on
certain spatial relations, which provide the basis for a parametric spatial
grammar. The rules represent the formal compositional aspects of this
housing grammar. In the context of this paper, it is essential to note
that spatial grammar is primarily used for generating geometric forms
of housing layouts and facades and is a tool for generating alternative
mass-customized plan layouts for occupants. Generative novel designs
are not a concern of this paper, and it aims to contribute to real design
scenario applications using the proposed parametric design tool to
generate design alternatives. The model presented in this paper also
has a user-friendly interface that helps users make decisions about their
spatial organization of dwelling. The interactivity of a computational
design model is an essential subject for mass-customized design
products.

Nowadays, in our country, urban transformation is an important
subject. As the current old building stocks have been demolished in the
construction industry, new high-rise housing blocks have been built
increasingly. But the householders are not satisfied with the plan
layouts of these new housing designs. For this reason, designing mass-
customized housing is a vital role for architects. Unfortunately, the new
housing blocks for low-income groups are similar to plan layouts and
facade characteristics in every city. Also, regional and socio-cultural
differences have been considered. The architectural language
presented in this paper grounds on housing layouts that satisfy user
requirements in Turkey.

2. PARAMETRIC SPATIAL GRAMMAR

Shape grammars are proved to have all the generation and analysis
capabilities of traditional production systems while representing
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knowledge about a product's functionality and form (Agarwal & Cagan,
2000). It is possible to model various generation processes on shape
transformations and manipulations. Shape grammars are applications
in which shapes are represented as design descriptions and
transformed according to a rule-based formalism (Stiny, 1980a).

Emergence appears to be a result of the holistic behaviour of complex
system architectures. Besides, it is more than the sum of the parts. It
has  characteristic  features like complexity, non-linearity,
unpredictability, and self-organization (Knight, 2003). In computational
systems, there is a certain degree of emergence behaviour. So,
emergence is a fundamental feature in shape grammar as a type of
these systems. Emergence is generally in the form of identification and
evaluation of the emergent shapes by computation. In addition, the
emergent shapes are not pre-defined; they exist in the results of the
rule applications.

A conceptually more straightforward form of shape grammars is that of
set grammars and spatial grammars. These are grammars that
manipulate compositions made up of elements. Stiny (1980b, 1982)
made the distinction between set and shape grammar. Set grammars
have certain implementational advantages. They are more adaptable
to representation for computer programming and conform more
readily to the production system formalism. They also reflect how the
designer's world is often perceived: composed of hierarchically
describable things. Complex descriptions of objects can be manipulated
more readily than under a shape grammar (Coyne, 1989, p. 103).

Spatial grammar can be an active partner through the computational
synthesis of designs, supporting the human designer. They can help
routine design tasks by generating alternative arrangements and, even
more interesting, developing spatially novel solutions beyond what a
designer might think. They provide a rule-based, generative shape
design method but have yet to find general application within CAD
systems. Most spatial grammars are hard-coded; i.e., a practitioner
cannot change their vocabulary and rules without re-programming
(Hoisl, 2012).

In this paper, the term 'spatial' is preferred instead of shape grammars
because the definition of spatial grammar is appropriate to the
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representation of the spaces and the facade elements like set grammar.
The contribution of spatial grammar to the design process of the mass-
customized housing would be to compose the vertical and horizontal
relations of the spaces. Rectangular units (cells) represent these spaces
in the computational model. The rules present the neighborhood
relations.

3. SPATIAL GRAMMAR FOR DESIGNING MASS CUSTOMIZED
HIGH-RISE HOUSING BLOCKS

The proposed model for designing mass-customized housing buildings
where different users share a common culture and form a whole by
different needs together have a top-down and a bottom-up process
that operates as two and three-dimensional. It is possible to examine
the model in two sections.

3.1 Generation of Floor Plan Layouts

There is a two-pronged approach that enforces a specific set of rules in
the grammar configuration. The first approach includes preparing a
rectangular schema or a grid as an initial step and re-organizing the
composition generation in the following steps. The other method
involves a generation process that starts by locating a particular space
and continues with adding the different rooms/spaces to the plan
composition. In these approaches, spatial relations are represented by
hierarchical and multiple rule sets, similar to Palladian, Bungalow,
Japanese tearooms, and Queen Anne grammars.

In this paper, the generation of the plans for mass-customized houses
occurs in the second approach. The generation process progresses on
an imaginary grid mechanism. In the defined rule sets, square or
rectangular shapes in the grid placement represent the vocabulary
elements to determine the topological configurations of the spaces. As
the vocabulary elements of this parametric spatial grammar are
represented as blocks, this grammar can be considered a set grammar.
The vocabulary elements of the grammar (i.e., the facade elements)
operate as modules in the block grammar.

As Stiny states, "Spatial relations for a given vocabulary sometimes
allow its shapes to interpenetrate in designs. Interpenetration like
spatial ambiguity can be a valuable technique in design. Architects and
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designers often conceive of designs in terms of interpenetrating masses
or volumes. In those cases, however, where interpenetration is felt to
be undesirable, it can be prohibited by labeling the shape rules used to
construct designs" (Stiny, 1980b), p.440). Stiny (1980b) developed a
labeling scheme for preventing interpenetration in designs constructed
by shape rules. This scheme is helpful in labeling shape rules based on
spatial relations that can specify by sets of shapes defined in a discrete,
cubical grid. Similarly, in this grammar, there is a grid layout to
represent the blocks and their spatial relations to prevent spatial
ambiguity and control interpenetration of the blocks and,
consequently, the spaces or the facade elements. The functions of the
spaces label the spatial blocks.

When considering today's multistorey housing designs based on mass
production, it is not difficult to observe that the floor plan organizations
usually include similar combinations of one or more of four or five
different typical dwelling layouts. These layouts are in the form of one
living room and the other room/s (one room+ a living room, two
rooms+ a living room, three rooms+ a living room, four rooms+ a living
room) with other service spaces (WC-bathroom, entrance hall, kitchen,
etc.). Their numbers can also vary on a floor plan according to building
size. They have the same plan scheme limiting the users' choices on
each floor. However, the proposed model encourages variety and
flexibility because it is a parametric computational model that produces
alternatives using the "generate and test" method. This model
evaluates different user preferences for each floor as digital data and
offers new formation possibilities with innovative features. In the
model, each spatial unit affects the generation of others according to
this digital data, and they come together to form different dwellings.
Thus, variations naturally emerge by themselves.

A floor plan area defines the boundaries of a generation space. There
are basic requirements and specific relationships with the other rooms
for the design of each room in a dwelling. By this knowledge, the model
manages the positions of the rooms in the workspace. All of them
happen with determining locations of rooms, allocating functions, and
generating and defining new spaces in the proposed model. Also, there
is a central or linear vertical stable circulation area as a building public
space. This vertical public space is in the center, and the other
rooms/dwellings place throughout the housing block.
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Moreover, there is a structural system that allows for spatial flexibility
and variety in this model. As Christopher Alexander (1997) pointed out
before, using rectangular spaces is widespread, and these spaces
provide ease of use and flexibility (Guo & Li, 2017). Accordingly, the
model is based on a rectangular grid layout, and the structural design is
in a grid system of n x n dimensions. The grid planes define a potential
generation field for each unit of dwellings by its division into smaller
units (n/2 x n/2 meters). Model regulates each dwelling plan on these
grids by the knowledge of dwelling typologies which are pe-defined in
its database (Figure 1).
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The design of floor plan schemas for housing blocks occurs in certain
stages, such as determining types of a dwelling like Type A (one
bedroom), Type B (two bedrooms), and Type C (three bedrooms)
according to user preferences, generating their variations, and
evaluating their results. The model envisages that each dwelling type
will have a living room and bedrooms. At first, the model compares user
preferences and the knowledge of the pre-defined dwelling type to
determine the patterns of the dwellings that will occur in the chosen
floor plan schema. It makes a share of the total floor area among types
of residences described in the selected floor in the context of user
preferences. It evaluates the sizes of each type of dwelling by
considering the constraints of minimum and maximum area, which are
specific for the defined dwelling types. It eliminates the residences
which stay under the minimum values and shares their areas among

Figure 1: Grid divisions of floor

plan layouts.
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the other kinds of dwellings according to preferences. Also, if the
maximum area value is exceeded, it reviews each of the chosen
dwelling types regarding their space capacity to build more than one
dwelling. Thus, it balances users' demands and spatial requirements.

Then interior space designs initiate after the decision of production
states and numbers of the chosen dwelling types. In the generation of
the plans, the operation process starts with the placements of the
spatial units on the shared floor plan areas according to the rules of
spatial relationships. These units comprise the entrance hall of the
building, entrance hall of the house (G), bathroom (W), kitchen (K),
living room (L), bedrooms (B), and terraces (T).

The rule sets for plan layouts are as follows:

e After placement of entrance hall units, voids are controlled at
the right and left of each "entrance hall" unit according to their
relations with the main circulation area. A kitchen or bathroom
cell settles into the void unit (R221, R222 Ra31, and Ras2). Also, for
some dwellings, placement of living room cells is done (R223 and
R224).

e Ifthere are spatial units on both sides of an "entrance hall" unit
and this "entrance hall" is a member of Type A (one room and
one living room) dwelling, then a living room exists in front of
this unit (R11 and Ry12). In such cases, at the end of the process,
a two-cell dwellings type may occur and is called a "Type D"
dwelling with a mixed-function room.

e After controlling right and left neighborhoods of the entrance
halls, in front of these cells and the other generated ones, a
kitchen (Ra33, Ra34) or a living room (Rz11 Ra13) unit for large
dwellings (Type B and C) and a bedroom (Ryzs, R226) for a small
dwelling (Type A) place.

e Akitchen may be near the entrance hall (Ry21,R222). Then a living
room exists in the front or at the right or left of that unit (Rsz1,
R322).

e The living room consists of more than one cell in large housing
units. So, after placing a living room near a "kitchen" unit, if
there is a void cell near the existing one, a new "living room"
unit exists on the void cell (Rs31, Ras2).
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e Aliving room can locate next to an entrance hall. Then, a new
"living room" or a "terrace" cell exists in front of this unit (Ryss,
Raza Ra27, and Razg)

e According to its position, at right and left or in front of a "WC-
bathroom" cell, bedroom cells place (Rss1, Rs32, Rs3s, and Rssa ).

e In large dwellings (like Type C), a new "WC-bathroom" unit is
put in at the right or left of the existing "WC-bathroom"
according to its position (Rssy, Rssa).

e |Ifthereisavoid around the existing "bedroom" unit, a new one
locates in there (Res3, Reza).

e Similarly, if the existing bedroom unit in a dwelling is directly
adjacent to the housing block's main circulation area, a
bedroom or terrace unit is located in front of that unit (Res1, Res2
Re3s,and Rese).

All the rule sets are on the scheme in Figure 2. The scheme
demonstrates which spatial unit each basic spatial unit triggers to exist
in each dwelling type after its generation.

Spatial units represented by cells generate dwelling types in a floor plan
according to a specific set of neighborhood relations rules in the
bottom-up process. The generation of dwelling types starts when each
entrance unit locates on the floor plan simultaneously. These
generated units also represent a dwelling. The other spatial units
affected by the created entrance or different spatial units also join in
the defined house plans (units) during the generation. In the model,
each space cell has specific rules based on its topologic architectural
relations with the others separately (Figure 3).

After the generation of spatial units, the model controls the fitness of
the created dwelling samples. The essential criteria of this evaluation
phase are the value of the minimum area specific to each dwelling type.
Suppose the dwelling size doesn't meet the criteria necessary for the
corresponding dwelling type and cannot define any other housing
types. In that case, the model deletes the generation of this dwelling
unit and removes the created room units from the workspace. It re-
evaluates spaces left empty to generate the other selected types of
dwellings. The operations such as evaluating remaining empty areas,
generating new units in these areas, or changing the functions of
existing units contribute to variation and unique emergence despite the
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initial choice conditions. The model generates different dwelling types
(Type A, Type B, and Type C) in a floor plan (Figure 4 and Figure 5).

RULES FOR HOUSING TYPES

RULE11

RULE12

(with four cells)

{with six cells)

vy RULE13 RULE14 RULE1S
w

-

=}

o

w

v

g D1+0) AT AlT+T1and B2+ Bi2+1land CI3+1) B(2+1land C(3+1]
v heusing type housing type housing type housing type hausing type

{with ten cells)

H

‘A

R271

‘am

R231

(with eight cells)

ST — L 232 : R . - B ,.'
oo oo no
ol OO - g e L
- R224 R22e - A28 - R224 -
[ [SiiyNay - NE L]
‘;‘ 226 | anss 7] D L
. 3 F234 W33 R2
L.
(]| a
lg "‘Vnzu nz
e L. Lo L
@ L] T | o L[
KITCHEN D e ﬁ ﬁ.
RI2l  Raz . an vy L-m L
L L.
E e
LIVING ROOM L ;_( L L
R432 Re12
[
= 1_. r’.v
R433  Rals RI33 R34
3 L
R227 R228 ., . Rz227 R228 . Rz27 R228
L., La L
D §o | ‘oo
BARoOM D L. Q ll D L:

Figure 2: The rule sets for plan
layouts.
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Figure 3: The initial shape of
the spatial grammar and first
stages of the generation
process.

Figure 4: Generating the
process of alternative solutions
for a floor plan has a linear
circulation core.
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Figure 5: Solution alternatives
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for one floor (ground floor
plan) of a selected building
according to different user

preferences.
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As the sample of the generation process shows, there are
characteristics of emergence by the harmonization process and its
results between user preferences and functional architectural
requirements in the model. Although the apartment examples created
with the rules may seem standard solutions, they evolve into different
typologies depending on the process. Floor plans with other solutions
fill the skeletal structure and support the holistic structure feature
naturally.

3.2 Generation of Building Facades

There are additional developed rules for facade configurations of the
building blocks to address possible aesthetic problems. According to
the floor plans, these rules follow the relationships of the spaces on the
facade vertically and horizontally. The states of cantilevers and setbacks
are determined in the fagcade design of the building envelope by interior
spaces directly connected to the exterior facade. In other words, the
states of spatial units of a building block affect the generation of
cantilevers and setbacks in the model. The model groups the spatial
units according to fagade direction and their locations. The grouped
units on each facade determine the formation of cantilevers or
setbacks together under the vertical and horizontal neighbouring
relationships (Figure 6a). In this context, there has been a set of facade
rules for locating facade cantilevers. Among them, the most important
one is the rule to manage cantilevers' generation in the frame of the
formal dynamism and their relationships of every spatial unit on floors
(F1 rule). The rule contains various sub-parameters according to the
conditions.
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Some of the other rules are as follows (Figure 6b):

e Ifalivingroom has only one unit in a dwelling type, a cantilever
exists in front of this space (F2 rule). However, a cantilever on
a facade is allowed for only one unit in a living room with more
than one unit in large dwellings (F3 rule).

e Iftwo living room units in different dwellings are adjacent, they
can have cantilevers (F4 rule).

e |If there is a cantilever at one side of a living room in the floor
plan corner, a new cantilever exists on the other side (F5 rule).

e Insome dwellings, if two "Bedroom" units are adjacent and one
of them is neighbor with the central circulation area, Then A
room that consists of these two units is considered a significant
volume. Therefore, the space can't have a cantilever, but its
volume can create a setback (F6 rule).

e A'kitchen" unit on the facade can have a semi-open cantilever
or create a setback like "Bedroom" units (F7 rule).

The controlled unit
on the upper level After checking the relationships on the lower levels, the algorithm examines the facade

and existing facade | organizations of the lateral dwelling units on the level where the controlled one is located. Then
organisations of the | itdetermines the state of facade for the controlled unit/space. Thus subsets of F1 rule emerge.
other dwelling units
on the lower level

o)

|
||

Figure 6a: F1 rule and its subset
matrix. In this rule, according to
each chosen spatial unit and
the other ones around it, a

peeees
+ THE CONTROLLED SPACE A CANTILEVER A CANTILEVER H
i....0 ONTHE FACADE l:, CAN'T EXIST ON THE FACADE . CAN EXIST ON THE FACADE F1 Cantllever emerges or not.

Apart from these rules, in the implementation phases, the model

generates alternatives by its feature of randomness for obtaining more
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Figure 6b: According to spatial
conditions in the plans,
whether the chosen units have
a cantilever or a setback is
determined.

Figure 7: Facade solutions for
housing blocks
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variations. Furthermore, the model makes generations simultaneously
realized on all fagades. In Figure 7, some of the facade alternatives of
the mass-customized housing blocks are generated by this model.

DWELLNG-1 |  DWELLNG-2

|
)
7 s
5

¥ a v 14
Border of the dwellings

i
= f
Z L LEL|L LjL
%) i
2 i
& L] C ] |
if aliving room has only one unit if a living room has one more than unit if two living room units in different housing types
in a housing type in a housing type, a cantilever can exit are adjacent to each other, they can both have
a cantilever exists in front of this space. in front of only one unit of the space. cantilevers

F2 F3 F4
- 15TSTATE
15TSTATE 2N° STATE n “ ! JND STATE
15TSTATE B =
if there is a cantilever at one side of if there is another bedroom .
aliving rooom n the corner of the floor plan, | behind a bedroom on the fagade , |if there is a kitchen unit, The setback or
new cantilever exists on the other side The setback exists in front the bedroom. | semi-open cantilever exists in front the bedroom,
F5 F6 F7

ADEFINED E BEDROOM  (-p CIRCULATION I CANTILEVER |}
AREA L

i uvinG D KITCHEN
ROOM SPATIAL UNIT

2"° GENERATION 3% GENERATION 4™ GENERATION

15 GENERATION

FACADE SAMPLES OF A HOUSING BLOCK HAVING LINEAR PLAN TYPOLOG?

4™ GENERATION

Facade applications have shown that it increases dimensional diversity
in all floor plans and allows users to use different open spaces. In
addition, it has led to the organic formation in the third dimension.
Instead of a pre-defined understanding of form based on the
dominance of designers' aesthetics, it exhibits a holistic formation that
combines aesthetic rules and functionality with self-organization and a
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bottom-up process. There is more objective comprehension in the
process. As in the plan alternatives, with the different probabilities
obtained by the randomness criterion in each generation, the decision-
making option for facade designs is left to the designers. In other words,
the model generates adaptive alternatives by these rule sets based on
basic architectural requirements and some aesthetic considerations.
Still, it doesn't include a fitness ranking criterion among the generated
choices. Therefore, in the proposed process, the designer seems to be
a leading decision-maker in developing and choosing these schemes.

3.3 User Interface of the proposed model

The presence of a user-friendly interface is essential for fast data flow
in the model. It should be simple, understandable, and offer a high level
of interaction possibilities. Unlike the visual programming applications,
which have been in common recently, this study developed the model
structure by the scripts (maxscript) of 3D modeling software. However,
the model has an extensible feature where the user (expert) can add,
revise or develop rules. The designed interface has provided these rules
to operate on one of the blocks generated in a site plan (Figure 8 and
Figure 9). Thus, the model generates the floor solutions step by step,
and different solutions emerge when the model runs each time. The
interface includes two basic sub-menus. At the same time, one of them
is concerned with the definitions of building mass layouts. The other
menu consists of the applications of floor plans and facade (data entry
of user preferences and generation adjustments).

¥ GENERATION OF BUILDING ENVELOPE
Total Building Length: 5 4 info

Total Building Width: | PPlease enter

idimensions for a
Core/hall Width: 5 |building envelope.

[Follow the directions!
Core/hall Width: 5

Total Building Height: 5
Placement of Building entrance and Stair and Elevation Hall

Building Entrance @ Stair Hall Manual

Det_ermination of Automatic
Position

Num of Stair Hall: 1 4  HallNo: 1 A

Create a building

Figure 8: The interface for
generating building envelopes.

66

JCoDe | Cilt 2 No 2 | September 2021 | Emergence in Design | Dinger, A. E., Cagdas, G.



Figure 9: The interface for
generation of floor plan
layouts.
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¥ FLOOR PLAN ARRANGEMENTS

FLAT INFORMATION CORE DETALL

Select a Block Rotate

Show All Flats

Tot. of Flats: l:]
Flat no: l:] : -

Starting Direct -
I @1 m v

HOUSING ALTERNATIVES

HOUSING PREFERENCES LEGEND
Num. of Prf. Priority Percent Sharing
Core
A(1+1) housing type: 5 1 3
Entrance Hal

WC-Bathroom

C(3+1) housing type: 5 3 3

Kitchen

_l
B(2+1) housing type: 5 QU o

_J

et

D(4+1) housing type: 5
Bedroom

Living Room

Hall
Generation Operations
Main Entr.

GENERATE
Facade Generations INFO
Hello! welcome to Housing Design

Software. Follow this screen for any
problems!

4. CONCLUSION

Shape or spatial grammars have been successfully applied in different
domains to describe languages of shapes and generate alternative
designs. This paper presents a 2D grammar model approach based on
a set of parameterized spaces and facade elements. Although the
model generates two-dimensional alternative plan layouts for every
floor of a housing block, it also generates their facades. It includes the
interactive and visual development of two-dimensional spatial
grammar rules as well as their automatic application. The rule
development phase consists of creating and positioning geometric
objects in 2D space within a CAD environment.

The model has been developed by scripts of 3ds Max software and is a
proposal of a parametric computational approach that provides
flexibility and variety for designers and practitioners and generates
alternatives by "generate and test." This model is an example of an
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emergent process that presents innovative features by turning user
preferences into digital data as a design parameter. Each spatial unit
initiates the generation of others according to this parameter, and they
define different dwellings together. Thus, variety and generativity
emerge naturally. The implementation of the parametric spatial
grammar model presents to architects and users an effective tool for
the future design market. The applicability of this proposed model has
been evaluated with various scenarios. Such models are examples of
decision-support tools for architectural designs and present an
alternative approach by using techniques that lead to variety instead of
monotonous and repetitive solutions in mass-produced housing
designs which ignore or subordinate users' preferences. Significantly,
the model has produced outcomes that quickly offer different
alternatives for the generated blocks' floor plans and facade solutions.

Grammar rules represent the spatial relations, and generation
algorithms proceed in a bottom-up approach. In this parametric spatial
grammar, which presents a generative process, additive rule sets
represent the spatial relations in the plan layouts. The syntactic and
formal knowledge about grammar and spatial relations between the
spaces, given in set grammar rules, can be defined parametrically. It is
possible to generate rooms with different dimensions by changing
constraints and parameters. The rule sets of the parametric spatial
grammar have been for two-dimensional plan layouts. Although, the
same model generates the facade alternatives of these plans.

The other results can be listed as follows:

e The model suitable for design problems offers designers
opportunities for variety. In other words, the model expands
solution space for them in different design phases.

e Shapes of the building blocks are central or linear forms; their
floors are rectangular. Selection of the rules and arrangements
of the relationships among spaces have become in the frame
of this configuration. However, these rules and relationships
are as generalizable as possible. For future studies, they can be
adaptable to the plan schemes in different forms by enriching
their contents by regulations and adding new rules specific to
these forms. Ultimately it is likely to get positive results by new
suggestions.
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e By the model, a designer can obtain many alternative and
developable solutions, which seem challenging and time-
consuming with traditional methods, in-floor plans, and
facades. These solutions are evolvable schemes with
designers' approaches and interventions, users' demands, and
the context. Thus, as the number of generated alternatives
increases with designers' intuition and initiative, designers'
efficiency and dominance in the process are preserved.

e As stated before, the proposed model doesn't have a fitness
function for thoroughly evaluating the generated alternatives.
The ability of the model to guide the designer can be improved
by multiple simultaneous choices and a scoring method among
them by using the increased fitness function criteria values.

e The proposed model is based on the primary spatial
configurations according to users' needs in the form of a
residential block with a developable and flexible grid layout. In
the model, technical service spaces place around the core with
rules. However, these primary spatial schemes can be further
developed and detailed by new interior rules, technical
constraints, and minimal interventions for the following
stages.

e The importance of interactive processes with feedbacks for
architects has drawn attention during the generation of
alternatives in computational design.

The main contribution of this model is not only based on a specific
architectural language but also to provides a flexible platform
supporting designers/users with visual, interactive definition and
application of their spatial relations and facade compositions in a
familiar CAD environment without programming.
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