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ABSTRACT

A SHAPE GRAMMAR MODEL FOR

ANATOLIAN MADRASAH ARCHITECTURE

Senem Tekin
M. F.A. in Interior Architecture and Environmental Design
Supervisor: Assist. Prof. Dr. Mesut Géktepe
Supervisor: Dr. Burcu $Senyapili
April, 1999

This thesis explores the role and potential of computational tools in the analysis
of an existing corpus of work and synthesis of new designs. The research would
like to demonstrate that, the basic grammar rules underlying the composition can
be described by analyzing a set of similar designs, and new designs can be
derived based on the extracted rules. Examples of Anatolian madrasahs from
Anatolian region of Turkey have been chosen as a research corpus. The body of
research is limited to Anatolian madrasahs that were built in the period of XII
and XIII centuries having morphological similarities. After an initial evaluation
of the material gathered from Kuran (1969) and S6zen (1970, 1972), in the first
step, common features in plan composition are described within a research body.
A classification for the plan types of the madrasahs is established. The location
of main components like court, iwan(s), and other rooms are a major factor at the
classification stage. The next step is the introduction of a shape grammar system
for generating the plan layouts of Anatolian madrasahs through a number of rules
by using the main plan components and their spatial relations. In the final step, a
simple interpreter is developed by using the programming language AutoLisp for
the representation of the shape grammar system for Anatolian madrasahs. The
shape grammar system is realized in computer-aided design (CAD) environment
to present an automated mechanism for generating different designs of Anatolian
madrasahs through these rules. Such computational tools provide easy and
flexible manipulation of objects so that many compositions can be created.

Keywords: Shape Grammars, Anatolian Madrasahs, AutoLisp, Architectural
Language, Computer-Aided Design (CAD).
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OZET

ANADOLU MEDRESELERI MIMARISI iCIiN

BiR BiCiM GRAMERI MODELI

Senem Tekin
I¢ Mimarlik ve Cevre Tasarimi Boliimii
Yiiksek Lisans
Tez Yoneticisi: Y. Dog. Dr. Mesut Goktepe
Tez Yoneticisi: Dr. Burcu Senyapili
Nisan 1999

Bu tez varolan yapilarin tasarim ¢alismalarinin incelenmesinde ve yeni tasarimlarin
tiretilmesinde uygulama araglarinin roliinii ve potansiyelini arastirmaktadir. Bu
¢aligma ile gosterilmek istenen, bir kompozisyonu olusturan temel gramer kurallarimin
benzer tasarim 6rnekleri analiz edilerek tanimlanabilmesi ve ¢ikarilan bu kurallara
dayanilarak yeni tasarimlarin iiretilmesini saglamaktir. Bu ¢alisma XII ve XIII.
ylizy1lda insa edilen ve morfolojik benzerlikler gosteren Anadolu medreseleri ile
siirl tutulmugtur. Kuran (1969) ve Sézen’in (1970, 1972) yaptig1 ¢alismalarinin
incelenmesi ile yapilan bir 6n degerlendirmeden sonra, ilk asamada plan
kompozisyonunu olusturan ortak elemanlar aragtirma biinyesinde tanimlanmustir.
Anadolu medreselerinin plan tiplerine iligkin bir siniflandirma varolan ¢aligmalarin
is181nda zenginlestirilmistir. Avlu, eyvan, ve odalar gibi plani olusturan ana
elemenlarin yerlesimi bu siniflandirmada énemli bir etkendir. Daha sonraki agamada,
belirlenen ortak plan elemanlar1 ve bunlarin mekansal iligkileri goz 6niinde
bulundurularak Anadoiu medreselerinin plan semasini iretebilecek kurallarin
saptanmasina ge¢ilmis ve bir bigim grameri modeli tanimlanmigtir. Son agamada,
Anadolu medreseleri igin iiretilen bigim grameri sisteminin sunumu igin AutoLisp
proglamlama dili kullamlarak basit bir model gelistirilmistir. Bigim grameri
sisteminin bilgisayar destekli tasarim ortaminda gergeklestirilme sebebi farkl:
Anadolu mederese tasarimlarini iireten kurallar1 uygulamak igin otomatik bir
mekanizma sunmasidir. Bu tip uygulama araglari objelerin kolaylikla ve esneklikle
bigimlenmesini saglayarak pek ¢ok diizenlemenin yaratilmasinda yardimei olurlar.

Anahtar kelimeler: Bigim Grameri, Anadolu Medreseleri, AutoLisp, Mimari Dil,
Bilgisayar Destekli Tasarim (BDT).
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1 INTRODUCTION

1.1 GENERAL

A design language used within a particular style can be analyzed by studying various
existing samples in that style. The language in this context refers to vocabulary
elements and grammar rules that define the relationships between these elements. In
architectural design, shape grammars can be used to explore various design
languages as well as to discover rules underlying a set of related designs. This thesis
demonstrates that, the basic grammar rules underlying a composition can be

described by analyzing a set of similar designs, and new designs can be generated

based on the extracted rules.

Within this context, a shape grammar system that can generate the plans of Anatolian
madrasahs is introduced in this study. Shape grammars have been used by various
researchers to define languages of architects and for vernacular styles from different
periods and places. They provide designs for churches, villas, houses, and buildings

of other types, and also designs for ornamentation, furniture, and gardens.

Here, samples of Anatolian madrasahs from Anatolian region of Turkey have been
chosen as a research corpus. The body of research is limited to Anatolian madrasahs
that were built within the period of XII and XIII centuries aiming to exploit

morphological similarities between their plan layouts.



In the first step of the study, common features in plan compositions of various
Anatolian madrasahs are extracted through a detailed evaluation of the materials
gathered from Kuran’s (1969) and S6zen’s (1970, 1972) researches on the
madrasahs. A taxonomy of the madrasahs is established based on the location of the
main elements in madrasah plans, after the formal and syntactic analysis of the plan
compositions. In the next step, a shape grammar system is introduced f;)r describing

the plan layouts of Anatolian madrasahs through a number of rules.

The final step is the implementation of a simple interpreter for realization of the
shape grammar system developed for Anatolian madrasah plan layouts using
AutoLisp programming language. The purpose of the realization of the shape
grammar, developed within the research context, in a computer-aided design (CAD)
environment is to provide an automated mechanism for generation of different
designs of Anatolian madrasahs through the grammar rules provided. Design can be
looked at as a computational process since it involves the manipulation of visual
material. Computational tools provide easy and flexible manipulation of objects so
that many compositions can be created. Otherwise, the computation has to be

performed manually with the active participation by hand and eye.

This study demonstrates how the shape grammar formalism (Stiny, 1980a) can be
used to characterize the formal compositional features of Anatolian madrasahs in the
plan layouts where the composition of the madrasahs is based on certain spatial

relations.



1.2 RESEARCH BACKGROUND

The origin of shape grammars stems from formal grammars. Grammars are
collection of rules and symbols/characters. The rules are composed of strings of
symbols represented in the form of o> B, indicating that string o generates string f.
By applying these rules to an initial symbol, linear strings are derived as objects
constituting a language. Shape grammars are also a collection of rules and symbols.
Here, the symbols are represented by visual graphical elements instead of the
character strings. The shape rules are applied to an initial shape in a recursive manner
to generate a set of shapes, which constitute a language. It is possible to apply the

ideas emerging from the shape grammars to architectural designs.

In the analysis of architectural designs, the issue of the architectural language is
important. The language in this context refers to formal and symbolic elements
together with the relationship between them (Tuncer, 1998: 1). An architectural
language is characterized by a vocabulary of elements and a grammar whose rules
indicate how these elements can be placed in space (Flemming, 1990: 31). Therefore,
design can be viewed as a computational process since it involves the manipulation

of visual materials.

The success of shape grammars, “as a way of characterizing and exploring
possibilities in design” as stated by Stiny (1998: 73), is coming from “the direct
contact they enjoy with visual and spatial material”. Shape grammars have been
shown to be useful in the generation and analysis of designs (Chase, 1998a). The
goal of grammars is “not merely to produce a single design as the final outcome, but

rather, to provide an understanding of the underlying spatial relations”



(Krishnamurti, 1998). This is specified by Mitchell (1986: 154) as “to know how a
building is put together is to know a language”. He claimed that “an appropfiate
language is a knowledge structure that must be acquired to design effectively”.
According to Stiny (1990: 102), this shows “the kind of virtuosity that is to be
encouraged in intelligent practice” and provides “a generous framework in which to
think about designs in various ways”. Therefore, as Stiny (1990: 101) stated “new

shape grammars are always forthcoming”.

The sample style chosen to be used as a case study for the shape grammar research

should fulfil some conditions in order to be effective and relevant for the analysis.

Tuncer (1998: 3) states some of these conditions as follows:

e the architectural domain must have a large body of documented and built
examples,

e there must be a sufficient amount of sources for the work,

e there must be a variety and evolution in the architectural domain through the time
of consideration,

e the body of work must be of interest to professionals such as architects and art

historians.

Anatolian madrasahs fulfil these conditions. Here, Anatolian madrasahs are chosen
as a research corpus because the composition of the madrasahs is based on certain
spatial relations. The works of Kuran (1969) and Sézen (1970, 1972) are particularly
useful in this regard. Kuran and S6zen analyzed particular madrasahs referring to
some written sources, plans, sections, and photographs that they had recorded. In this

study using these documents, common elements of Anatolian madrasahs and their



spatial relations are derived, which are further used to define vocabulary elements of

the grammar for the madrasahs.

The shape grammar developed here for Anatolian madrasahs, is based on the plan
layouts of these madrasahs. Architectural organization of the madrasah stems from
the relationship between the court and the iwans. They constitute the key elements in

the typology of Anatolian madrasah architecture (Kuran, 1969: vii).

The main elements of the plans of Anatolain madrasahs are court, iwan, revak
(portico), winter classroom, and student cell. After describing the main design
elements of madrasah architecture in plan composition, taxonomy for the plan types
of the madrasahs is established. The location of the main plan elements is major
factor at this classification scheme. A classification tree for the plan types of
Anatolian madrasahs is based on the form of their masses and spatial organization in

plan compositions ignoring age, climate, or geographical location properties.

The madrasahs are classified into two groups according to form of their masses. The
first group is enclosed type madrasah, the second one is open type madrasah (Kuran,
1969: 146). These groups are further classified according to the spatial organization,
which specify the number and the location of iwans within the plan. When there is
one or two iwans facing each other across the courtyard on the longitudinal axis of
the building, they are called axial type. If three or four iwans are placed one on each
side of the court, these madrasahs are called cross-axial type. Revak placement

around the court is the last branch in the classification of the plan types for Anatolian



madrasahs. Madrasahs may have two, three, or four revaks around the court or they

may have no revak in a plan composition.

Beginning with the vocabulary elements and building up some spatial relations, the
plans are formalized and schematic floor plans are established. The next step is the
introduction of a shape grammar system for describing the plan layouts of Anatolian
madrasahs through a number of rules based on the analysis. The grammar describes
the rules for placing the plan elements such as court, iwan(s), revaks, student cells,
and winter classrooms addressing analysis carried out for the compositional features
of the style. All shape grammars dealing with the generation of architectural plans
create a geometric pattern that determines the compositional characteristics of the
plans (Downing and Flemming, 1981: 276). The generation of traditional Turkish
houses, for example, starts with the location of a court and follows the placement of
other rooms around the court (Cagdag, 1996b). A similar approach is employed for
Anatolian madrasahs. As Kuran (1969: 13) stated, the form is developed from the
court to the outside making the court most important design element shaping the
building in Anatolian madrasahs. Thus, the main vocabulary element, the two
dimensional rectangular block representing the court, is located at the initial stage of
the generation; at the progressive stages, the iwan(s), and the rooms are located so as

to generate plan layouts.

The grammar of Anatolian madrasahs is presented in a sequence of seven stages each
comprising one or more shape rules. The generation process involves the following

stages:



(1) choosing the court type and locating it,

(2) locating the rooms around the court,

(3) determining the number of iwan(s) and location(s),

(4) checking the existence of revaks, determining their number, and locations,
(5) determining the number of student rooms and locations,

(6) locating the winter classrooms,

(7) checking the existence of service rooms and their locations.

The final step is the development of a simple interpreter for the representation of the
shape grammar system in a computer-aided design environment using AutoLisp
programming language aiming an automated mechanism in generation of different

designs of Anatolian madrasahs.

1.3 AN OVERVIEW OF THE THESIS

This thesis is organized in eight chapters forming three parts:

The first part defines shape grammar notion in relation with formal grammars and
architectural languages and combines them with existing analysis and
implementations. The aim, scope, and method of the study are described in Chapter
1. In Chapter 2, formal grammars and formal languages in which the shape grammars
have their origin are described. This chapter also examines the shape grammar
formalism starting from the study of architectural language, types, and then stating
how the architectural language, vocabulary, grammar, rules, syntax, semantics, and
types relate to each other to form the theoretical basis. Moreover, Chapter 2 presents

sample studies about the use of shape grammars in the architectural design. In this



chapter, some two and three dimensional shape grammar implementations on

computer are examined and programming languages used in implementations are

introduced.

The theory given in the first part is employed in the second part, in an exposition of
the representation of shape grammars for Anatolian madrasahs. Chapter 3 analyzes
the language of Anatolian madrasahs, and their spatial organization. The vocabulary
elements and the underlying spatial relations applied in the definition of the shape
grammar are described. Chapter 3 also covers the generation of plan layouts through

the use of the shape grammar developed so far.

Part three investigates the applicability of the shape grammar implementation for
Anatolian madrasahs in a CAD environment. Chapter 4 introduces AutoLisp
programming language and AutoLisp implementations of the shape grammar
developed for Anatolian madrasahs, in particular. Chapter 5 concludes the thesis
discussing the results and contributions of this study and summarizes the further
research concepts to improve the applicability of the shape grammar system to more

general design issues.



2 SHAPE GRAMMARS IN COMPUTATIONAL DESIGN

2.1 FORMAL GRAMMARS AND FORMAL LANGUAGES

Grammars are rule-based methods of generation. They have found wide-ranging use
in a variety of fields. As applied in logic, linguistics, and computer science, formal
grammars usually specify languages of character strings. However, a number of
different grammar formalism exist such as string grammars, set grammars, graph
grammars, and more recently and originally shape grammars by Stiny (1980a) in
design. Shape grammars have been used to describe languages of two or three
dimensional shapes and have received the most attention in design and architecture
contexts. Shape grammars have their origin in formal grammars, which are collection
of rules and symbols/characters. The rules are composed of strings of symbols

represented in the form of o> P, indicating that string o generates string .

The formal notion of a grammar, based on the studies of Ulmann and Hopcroft
(1979: 10) is formalized by four concepts:

(1) Vn is non-terminal vocabulary or variables,

(2) Vtis terminal vocabulary,

(3) P is a set of generation rules or productions,

(4) S is a start symbol.



A set of generation rules is applied to a start symbol in order to generate a language
of linear strings as objects. This generative nature of grammars suits well in design

and architecture contexts.

Ulmann and Hopcroft (1969: 12) denote a grammar G by (Vn, Vt, P, S). The
symbols Vn, Vt, P, and S are vocabulary of variables or non-terminals, vocabulary of
terminals, productions, and start symbol respectively. For example, let

Vn={S, B, Ct, Vt={a, b, c }, P consists of the following productions:

1.S 2aSBC 4. aB—>ab
2.S—>aBC 5.bB>bb
3.CB>BC 6. bC>bc

7.cC>cc

By applying the productions beginning with the starting symbol, one can derive
complex strings:
S->aSBC~>aaSBCBC~>aaaBCBCBC->aaaBBCCBC->2aaBBCBCC>2aaBBBCCC

->2aabBBCC—>2aabbBCCC- aaabbbCCC~>aaabbbcCC->aaabbbccC—>aaabbbece

As Stouffs stated (1994: 5): “The set of rules, together with the starting symbol and
the vocabulary elements from which the rules are composed is termed a grammar and
the objects resulting from a generative application of such a grammar constitﬁtes the
derived language”. Consistent application of rules contained in a grammar will
produce a set containing all compositions, that is a language. Therefore, a grammar

defines a language, that is the set of all possible strings derived by the grammar.

10



Grammars consist of conditional rules of the form o= B. Each rule specifies a
condition and an appropriate response associates with that condition. As Mitchell
(1986: 154) pointed out, in architectural contexts, the conditional rules are expressed
graphically by drawing a context and an appropriate design response to that context.

Grammars for generation and analysis have found wide-ranging use in a variety of

fields.

The grammars are also being used in design contexts. Krishnamurti and Stouffs
(1993: 58-59) put three reasons for that. First, grammars are succesful in analyzing
styles of designs. Humans are inclined to rely on experience and familiarity with
certain known concepts and apply them to the way of doing things. Through a corpus
of spatial designs, designers tend to employ a limited set of spatial relationships to
produce distinctive designs. Second, grammar systems bring to play with spatial
forms and relationships. Third, the techniques by which drawings can be constructed
such as the use of lead, eraser, and geometrical transformations are quite similar to a

rule application mechanism of grammars (Krishnamurti and Stouffs 1993: 58-59).

2.2 SPATIAL GRAMMARS
The grammars applied in design contexs are called as spatial grammars. In addition
to shape grammars, there are other spatial grammars such as string grammars, set

grammars including structure and solid grammars, and graph grammars.
String grammars include set of all strings over a set of symbols. According to the

form of the rules concerning the terminal and nonterminal symbols, they are

classified into three types: regular string grammars, context-free string grammars,

11



and context-sensitive grammars (Ulmann and Hopcroft, 1969: 13). The sample

grammar presented at the beginning of this chapter is a context-sensitive grammar.

Suppose that every production in P is of the form A->B or A=>a where A and B are
variables and a is a terminal, then G is called regular grammar. It is also called phase
structure grammar. When a production of the form A->B allows the variable A to be
replaced by the string B independent on the context in which A appears, it is called
context-free. When a production xAy->xBy allows A to be replaced by B whenever
A appears in the context of x and y, then it is context sensitive (Krishnamurti and

Stouffs 1993: 61).

However, as Knight (1999: 16) stated, shape grammars are different from symbolic
grammars. Symbolic grammars transform strings of symbols in one dimension, while

shape grammars transform shapes in two and three dimensions.

On the other hand, set grammars (Stiny, 1982) deal with objects expressed as sets of
entities. Structure grammars and solid grammars may be considered as set grammars.
Structure grammars are useful when establishing one to one correspondence between
symbols and spatial icons where an object is represented as a set of pairs (Caﬂson,
Woodbury, Mc Kelvey, 1991: 418). Figure 2.1 shows an example of a structure
grammar. Solid grammars manipulate data structures that represent the faces, edges,
and vertices of a solid by a set of triples. Here, a solid rule a—> 3 serves to replace
one or more faces by a collection of faces satisfying the requirements of a solid

(Krishnamurti and Stouffs 1993: 63).
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directly on spatial forms. A shape grammar is a formal rewriting system for
producing languages of shapes (Stiny, 1980a: 343). Shape grammars are discussed in

detail in Section 2.3.

2.3 SHAPE GRAMMARS IN ARCHITECTURAL LANGUAGES

In the analysis of architectural sy.;:tems, the study on the architectural language is
important. The language in this context refers to “formal and symbolic elements and
to the relationship between them” (Tuncer, 1998: 1). Single building elements are
similar to words and the rules governing their composition are similar to rules of a
formal grammar in language. An architectural language is characterized by a
vocabulary of elements in the form of graphical symbols and a grammar whose rules
indicate how these elements can be placed in space (Flemming, 1990: 31). Therefore,
design can be viewed as a computational process since it involves the manipulation

of visual material.

The theory of architectural languages exhibits a linguistic analogy. There is a
potential use of the analogy through a set of descriptive rules which involves both the
study of meaning and form (semantics) and the study of formal relationships (syntax)

(Tuncer, 1998: 1).

Similar to linguistics, in architecture there is implicit conventions and rules, which
help to determine the relationship between syntax and semantics. There is a
dependency between the parts and the whole. The details in a building sometimes do
impose the organization. The grammar specifies how the meaning of parts determine

the meaning of the whole. Syntax has to be correlated by semantics. Thus, the
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implication of the separate architectural parts on the whole is determined by the

grammar (Tuncer, 1998: 1).

In other words, in the technical sense as Flemming (1990: 32) stated, an architectural
language is a collection of rules that embody the compositional principles or
conventions that underlie a certain piece of architecture. The rules form the grammar
of the language and they manipulate the shape, which constitute the vocabulary of

the language.

However, linguistic structures cannot be directly applied to architectural languages.
In linguistics, changing the order of words cause the sentence loose its meaning
(semantics). In case of architecture, an object may still have meaning even it is not
complete. Thus, the meaningfulness of architectural objects cannot be explained only
by the obedience to a rule (Tuncer, 1998: 1). Thus, the term architectural language is

used in the technical sense as Flemming (1990: 32) in this study.

In order to deal with semantics and syntactical issues, types from the collective
architectural memory come into the descriptive process. As Tuncer stated “When
type is considered as an artistic, an intellectual manifestation of architectural culture,
study of types, its internal rules, and recognition its instances in an architectural

system becomes profitable in a comprehensive analysis process” (Tuncer, 1998: 1).

In dealing with types, a distinction stated by Mitchell (1990: 86) brings a more

precise identification of the type in formalizing an architectural language. This is the

distinction between essential and accidental properties of an object. Former is the
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properties that are shared with others of its type. Latter is the property that may vary
from instance to instance within type. The grammar of the type takes these properties
into consideration and includes design principles, procedures for variations, and
knowledge of the key design variables and their main states (Oxman and Oxman,
1990: 179). Thus, as Tuncer (1998: 2) pointed out, type implies the vocabulary of the
language and the underlying grammar. The concept of an architectural language

seems indispensable in the conceptualization and description of buildings.

2.3.1 FORMALIZATION OF ARCHITECTURAL LANGUAGES

Design can be viewed as a computational process, since it involves the manipulation
of visual material. In other words, it is a sequence of operations performed on a
symbolic representation of the object, thus the shape. The shapes constitute the
vocabulary of the language. They are placed and manipulated by the grammar of the
language. The grammar is formed by a set of rules. Thus, this set of rules or grammar

corresponds the composition principles of a piece of architecture.

As Kurmann stated, “Many design decisions can be expressed in the form of: if then.
Such pairs can be viewed as guiding principles or rules to develop a design
composition” (Kurmann, 1998: 11). In that sense, these design principles or rules are
similar to the use of grammar rules in linguistics to specify how words may be

composed together to form a correct sentence or an expression.
The grammar rules in an architectural language are in the form of o> f. The left-

hand side is an if condition specifying the context in which the rule can be applied,

and the right-hand side is a then action specifying the result of its application. As
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Stiny (1999: 10) stated “any two shapes that are shown one after the other determine

arule”.

The set of rules may be specified in a variety of formats like the grammars in formal
languages. It may be in the form of stating the prescriptive rules as Mitchell (1986:
152) stated. The vocabulary and certain types of relationships between them are
specified in a structured way. These procedures generate, construct or transfer the
required instances or relations. The rules restrict the variety of relations so that gives
coherence and unity to a composition (Mitchell, 1986: 150). Figure 2.3 shows three

descriptive rules.

O =000

Figure 2.3 Three descriptive rules.

Another approach is to specify replacement rules (Mitchell, 1990: 134). These rules
demonstrate substitutions, which include either adding a shape to another shape or
subtracting a shape from another shape. It is a process of replacing one kind of thing
with another from a chosen vocabulary. Substitution is typically used to develop a
simple schematic design into something more elaborate. Figure 2.4 shows two

replacement rules.
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Figure 2.4 Two replacement rules.

Mitchell (1990: 139) stated that, when one uses a set of rules or a grammar to restrict
the possible states of a design world, it is necessary to formulate the rules in terms of
the types of shapes, labels, and relations in that architectural language. This can be

done according to the type diagrams.

After formalization of the rules by the help of type diagrams, two different design
processes can be used in the generation of the language. These are top-down and
bottom-up design processes (Mitchell, 1990: 141). The top-down approach starts
with an abstract definition of an overall geometric scheme then it is refined to
generate the detailed composition by use of rule-sets. The bottom-up approach starts
with locating a certain shape and then other shapes are added by use of rule-sets.
Therefore, a language is generated with the series of computations from one shape to

another in a generative process of search and exploration (Stouffs, 1994: 5).

2.3.2 SHAPE GRAMMARS

Stiny and Gips (1972) first presented the idea of shape grammars and Stiny (1975)
gave the formal definitions. Shape grammars define languages of designs. The main
elements and the relations between the elements in these languages are used to
compose several architectural and other styles of designs. They are used to define

designs in known styles as well as to create original designs.
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Shape grammars directly operate on shapes, and allow spatial computations to be
carried on them. Shape grammars help one to represent a design language from a

generative point of view.

Shapes under Stiny’s (1999: 7) definition ar combination of basic elements. These
include points, lines, planes, and solids. They represent the main vocabulary
elements in designs. A shape is a member of an algebra that is a set of objects and
binary operations (arithmetic “+, -, *”, Boolean algebras “U, i, -”) acting upon
them. Stiny (1990: 98) has defined two basic algebras for shape grammars- the
algebra of shapes, and the algebra of sets of labelled points. They are combined to
define spatial relations in shape grammars. Shapes can be augmented with labels to
introduce new spatial relations and to unambiguously define the rule applications. A
label from a given alphabet is associated with a point. The labelled points also have

algebra. Shapes and labelled points are combined to make labelled shapes.

The formal notion of shape grammars consists of four parts (Stiny, 1980a: 347):

(1) S is a finite set of shapes,

(2) L is a finite set of symbols,

(3) R is a finite set of shape rules of the form a—=>f, where o and B are labelled
shapes,

(4) 1is a labelled shape and called the initial shape.

In a shape grammar, the shapes and the symbols provide the basic building elements

for the definition of shape rules and the initial shape. Whereas shapes and symbols
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The abstract pattern shown in Figure 2.5 is developed by rotating and placing a
smaller square inside another one, where the amount of rotation and reduction in size
can be expressed using a single rule. In the example, there are three rules. The first
rule places an initial labelled shape on the right hand side. A label is placed at a point
on one of its edges. The second rule places another square inside the initial square.
Each vertex of the inside square coincides with the same point for each side of the
initial shape. By applying the second and the third grammar rules to the initial shape,

an abstract kind of pattern is generated.

In this example, the spatial relations between elements of shapes-their relative
lengths and angles between them are maintained. Such kinds of grammars are known
as Standard Shape Grammars. When these relations are allowed to change, such
grammars are called as Parametric Shape Grammars (Kurmann, 1998: 11).

Instead of using a fixed square, for example one can use a quadrilateral so that it is

possible to generalize the design idea by parameterizing the dimensions of the shape.

In the generation of shape grammar rules, the transformations may be in the form of
rule addition, deletion or change as specified by Chase (1998b). We may change the
state labels, spatial labels, or spatial relations of the shapes. When changing spatial
relations between the shapes, it is possible to introduce new shapes or resize or
reposition the shapes. The shape grammar rules are applied to the initial shape in a

recursive manner to generate a set of shapes that constitute a language.

It is possible to apply the ideas emerging from shape grammars in architectural

designs. Shape grammars have been used by various researchers to define languages
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of architects and for vernacular styles from different periods and places. Section 2.4

presents two of the prominent analysis examples.

2.4 CASE STUDIES ABOUT SHAPE GRAMMARS

The designs are analyzed by decomposing them into a vocabulary of shapes and by
identifying arrangements, spatial relations of vocabulary elements (Knight, 1998b:
88). The vocabulary and spatial relations, given a language of designs are defined by
a shape grammar. The shape grammar generates the intended descriptions of these

designs by use of a recursive schema based on this shape grammar (Stiny, 1981:

257).

Shape grammars can be used for both analysis and generation. These kind of studies,
as Mitchell (1986: 154) stated, begin with some existing corpus of work and attempt
to produce a grammar that regenerates the original corpus, plus other designs that are
intuitively recognised as being in the same style. The rules are inferred from sets of

examples.

Several kinds of actual and architectural designs have been analyzed by various
researchers with some designs being in two dimensions, some both in two and three
dimensions. Traditional Chinese lattice designs, which exist in. craft production were
described by Stiny (1977) in two dimensional shape grammars. Palladian villas from
classical architecture were analyzed by Stiny and Mitchell (1978) in two dimensional
plan layout through shape grammars. The study on Mughul gardens (Stiny, 1977)
indicated how the shape grammar formalism is flexible in scale and size in two

dimensions. Hepplewhite chair-back designs (Knight, 1980), Japanese tearoom plans
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(Knight, 1981), the architecture of Guisseppe Terragni (Flemming, 1981), and
bungalows of Buffalo (Downing and Flemming, 1981) are also two dimenéional
studies about shape grammar representation in design. Koning and Eizenberg (1981)
worked on the plans of the prairie houses of Frank Lloyd Wright and tried to capture
his organic style in three dimensions. Greek vase motifs (Knight, 1986) and Ndebele
homesteads (Herbert, Sanders, Mills, 1994) are two dimensional shape grammar
studies. Queen Anne houses (Flemming, 1987) and Taiwanese traditional vernacular
dwellings (Chiou and Krishnamurti, 1995) were analyzed both in two and three
dimensions. Row-houses (Cagdas, 1996a), and traditional Turkish houses (Cagdas,
1996b) are two dimensional shape grammar studies analyzing these housing
schemes. Two of the prevailing examples, Palladian villa plans (Stiny and Mitchell,
1978) and Queen Anne houses (Flemming, 1987) are going to be explained in detail

in this Section.

2.4.1 A GRAMMAR OF PALLADIAN VILLA PLANS

Stiny and Mitchell (1978) discussed the vocabulary and rules of the language of the
Palladian style villa plans in this grammar. In order to describe the architecture of
Palladian style villas formally, Stiny and Mitchell (1978) studied Palladio’s drawings
about how to find an abstract method of expressing the style. Palladio had explored
his design ideas by sketching numerous variants. Therefore, as Mitchell (1990: 152)
stated, it was appropriate to define this style in two dimensions. That abstraction is
called a shape grammar. The shape grammar here is a type of formal model for
Palladian style villa plans. While developing this model, Stiny and Mitchell (1978)

decided on:
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e the vocabulary of shapes,

* the spatial relations between the shapes in the vocabulary,

» the shape rules formally,

» the generation process where the shape rules map shapes to shapes. Application
of the rules recursively starting from initial shapes produces designs of several

villa plans with bilateral symmetry.

A step-by-step derivation of the plan of the Villa Malcontenta is illustrated (Mitchell,
1990: 153). As Mitchell (1990: 153) stated, this grammar derives plans in top-down
fashion. It starts from the footprint and an organizing grid, then goes down to the
details of walls, columns, doors, and windows. Designs of the villa plans are
produced in eight main stages:

1. grid definition,

2. exterior-wall definition,

3. room layout,

4. interior-wall realignment,

5. principal entrances — porticos and exterior wall inflections,

6. exterior ornamentation — columns,

7. windows and doors,

8. termination.

Figure 2.6 shows the main stages of the derivation. As Stiny (1981: 257) stated, the

occurrence of specific functional elements and their relationships in these plans

correspond to the application of specific shape rules in the grammar. Seventy-eight
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