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Abstract: Minka (traditional folk house), machiya (historic town house), and gassho-zukuri (farmhouse conserved in the World Heritage villages) have individual
characteristics in terms of their geometric shapes and are strongly affected by the
local landscape in Japan. These houses are the archetypes of Japanese residences
and their genotypes are alive in contemporary designs. This paper presents the
procedural generation of these three types of Japanese traditional houses. Minka’s
distinctive characteristics in appearance can be found in the roof combined with
hip and gable shapes, called irimoya. Machiya’s characteristics can be found in the
configuration of traditional lattice windows, called koushi-mado. Gassho-zukuri
has a unique shape of a steeply inclined roof, which looks like praying hands. All of
these procedures are implemented in CGA shape grammar language and are used
in conservation design processes of traditional settlements. They are also planned
to be used in the reconstruction design process from the Great East Japan Earthquake.
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Introduction
The basic concept of shape grammar was proposed by Stiny and Gips in 1971 [1]. It has been
researched as the theory of spatial analysis and
shape generation in the academic field of architecture. Mitchell precisely described the shape
grammar of generating Palladian Villas [2]. Aoki
critically improved it and proposed the individual
expression as a simplified language (SAL) to describe the floor plans of folk houses [3].
In the early stage, these research studies about
architectural design language had been explored
mainly as desk studies and then they were implemented as the practically executable applica-

tion systems along with the rapid development
of computer technology. Watanabe proposed a
unified framework of representing architectural
design knowledge (AKM) and constructed its system in the Smalltalk environment (OOAMS) [4, 5].
Müller implemented CGA language to process
shape grammar [6].
Recently, with an increased interest in GeoDesign
by Steinitz, the methodology of generating architectural shape with procedural descriptions is
receiving attention again [7]. Watanabe made the
study of shape grammar implicit in Japanese modern urban planning with the analysis of landscape
elements in Tsukuba Science City [8]. Kumakura
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used CityEngine as the communication media to
share the memory of the past in an attempt to reproduce the landscape lost by the Great East Japan Earthquake [9].
The essential matter in these research studies
is to explicitly express the regularity suitable for
every geometric shape of the same class, and
these procedural descriptions can be regarded
as the very knowledge of architectural masters.
This paper explains the grammars for generating
Japanese traditional houses requisite for our urban and rural landscape simulation.

Figure 1:
Description of CG1

Shape Grammar and CGA
First, the definition of shape grammar (SG) is
reconfirmed as the following 4-tuple:
SG = (V T, V M, R, I )		

(1)

This is inspired from the phrase structure rules
that Noam Chomsky introduced in linguistics.
Chomsky’s grammar generates one-dimensional
strings defined by the alphabet of letters, whereas
shape grammar generates 2- or 3-dimensional
shapes. That is, VT is the alphabet of shapes, VM
is a maker to conduct shape generation, I is the
initial state of shape, and R is a set of rules which
defines the transformation of an existing shape
and can be described as follows:
Left-Hand Side (LHS) → Right-Hand Side (RHS) (2)
Basically, these rules are adapted in a top-down
process like a tree structure; however, new LHS
shapes, which satisfy requirements to adapt the
rule, may come into existence across branches
and also are acceptable in SG definition. CGA
stands for Computer Generated Architecture, and
can be used in CityEngine. The basic idea of CGA is
the same as SG and its syntax is as follows:
PredecessorShape --> Successor

(3)

Humans effectively find Left-Hand Side (LHS) in a
visual way but the detection of PredecessorShape
in 2- or 3-dimensional world is not possible with
computers. Adaptation of rules needs to be conducted by the symbols of PredecessorShape explicitly given in Successor. The generation process only expands branches of shapes in a tree
structure; consequently, they are not able to join
branches together like a semi-lattice structure in

CGA. In this meaning, CGA can be regarded as a
subset of shape grammar.
Additionally, the commands of handling shapes
are limited to a small number of fundamental
functions such as extrude, split, comp, translate,
and rotate. The procedural modeling of CGA requires a description of all generation processes
only in the rules of combining these functions with
dexterity and ingenuity. However, this differs from
the interactive modeling where operational objects are sequentially selected by hand.
As an example, the three rules of drawing a symbolic acrylic painting CG1 mentioned in the pioneering paper [1] can be written in CGA as follows:
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Figure 2:
Generation Process of
Irimoya

// Rule1 and Rule3 ---------MShape -->
case i < level :
set(i, i + 1)
LShape
else :
		 NIL
		
// Rule2 ------------------- 		
LShape -->
t(0, 0.1, -scope.sz/7.5)
s(scope.sx / 7.5 * 8.5, 0, scope.sz / 7.5 * 8.5)
i(“Urform.obj”) Urfrom
split(x) {
		 ~0.3 : split(z) {
			 ~0.5 : rotateScope(0, 90, 0) MShape |
			 ~0.5 : rotateScope(0, -90, 0) MShape } |
		 ~0.3 : split(z) {
			 ~0.25 : MShape |
			 ~0.3 : rotateScope(0, 180, 0) MShape |
			 ~0.3 : rotateScope(0, 90, 0) MShape } |
		 ~0.25 : split(z) {
			 ~0.5 : MShape |
			 ~0.5 : rotateScope(0, -90, 0) MShape } }

IrimoyaRoof -->
roofHip(30, 0.9)
split(y) {
		 1.8 * sin(30) : comp(f) {
			 bottom : NIL |
			 horizontal :
				 roofGable(30, 0.0, 0.0)
				 comp(f) {
					
vertical : Gable |
					
top : RoofBoard } |
			 top : RoofBoard } |
		 ~1 : NIL }
RoofBoard -->
extrude(y, 0.09)
split(y) {
		 0.09 * sin(30) : NIL |
		 ~1 : comp(f) {
			 front : NIL |
			 all = Roof. } }

Minka’s Grammar
Minka’s distinctive characteristics in appearance
can be found in the roof combined with hip and
gable shapes called irimoya. The basic shape of
these roofs can be generated with the roofHip and
roofGable commands in CGA. By using these two
commands, sketch volume of irimoya can be described as the script in Figure 2.
With this script, the roof has to be divided into upper and lower parts. As previously mentioned, the
CGA rules constitute the top-down tree structure;
however, the individually generated faces cannot
be merged into the single face even if they lie in
the same plane. The precise shape of traditional
irimoya roofs can be generated with additional
grammar of detail elements such as verge, main
ridge, corner ridge, and rafters.
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Figure 3:
Automatically Generated
Minka

Figure 3 shows the different types of folk houses
automatically generated from simple footprint
polygons with the single CGA script. The windows
are also arranged automatically according to the
orientation of each wall but they are rarely inconsistent with the shape of roofs as shown in a right
most house in Figure 3. This is because roofs and
windows belong to different branches of the tree
structure and it is difficult to determine the conflicts between shapes and solve them automatically.

KoushiWindow -->
offset(-0.045)
comp(f) {
		 inside : YokosanArrange TatekoArrange |
		 border : extrude(-0.08) Frame }
YokosanArrange -->
split(y) { ~scope.sy / 4 : NIL |
		 { 0.016 : Muntin |
		
~scope.sy / 4 : NIL } * }

Machiya’s Grammar
In Japan, each region has the particular design
of machiya (historic town house), but their common characteristic in appearance can be found in
the configuration of traditional lattice windows,
called koushi-mado.
The lattice windows are not the universally unique
design motif. There are many previous studies on
the geometrical configuration of regional lattice
windows. For example, Stiny mentioned Chinese
lattice windows and described the shape grammar
of their tilling patterns and the parametric shape
grammar of their dividing rules (Ice-ray) [10].
In lattice windows of machiya, tateko (vertical
members) and yokosan (horizontal members) are
arranged according to their individual rules. Their
configuration represents the running business
of the house, for example, sakaya-koushi means
a liquor shop, gofukuya-koushi means a tailor’s
shop, and shimotaya-koushi means out-of-business [11]. The basic framework of their grammar
can be described as the following script:
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Figure 4:
Grammar of Lattice
Windows

Figure 5:
Generation Process of
Hirairi

TatekoArrange -->
split(x) { ~0.144 : VoidArrange |
		 {0.039 : Mullion |
~0.144 : VoidArrange } * }
VoidArrange -->
split(x) { ~0.03 : NIL |
		 0.027 : Kotateko | ~0.03 : NIL |
		 0.027 : Kotateko | ~0.03 : NIL }
In this example script, parameterize numerical
parts and add the grammar of structural members for de-koushi (extended window) and tsurigane-koushi (oriel window), then various types
of lattice windows can be generated in detail as
shown in Figure 4.
The machiya generally has a short frontage and a
long depth, and the ridge of its gable roof is parallel to the frontage direction called hirairi. On the
other hand, the roofGable command automatically determines the ridge of the roof in the long
direction, which is orthogonal to the desired one.
To solve this problem, the virtual volume, which
is expanded N times in the frontage direction, is
introduced to generate the right direction of the
gable roof and resize it as shown in Figure 5.
Figure 6 shows the typical town houses automatically generated from simple footprint polygons
with the single CGA script.
Figure 6:
Automatically Generated
Machiya

Gassho-Zukuri’s Grammar
Gassho-zukuri is well known as the farm house
conserved in the World Heritage villages of
shirakawa and gokayama located in a heavy
snowfall area. Most of the gassho-zukuri along
the Shō River were pulled down or sunk in dam
lakes during the period of rapid economic growth.
Today, people miss this lost landscape.
Gassho-zukuri has the unique shape of a steeply
inclined thatch roof, which looks like praying
hands. This is ancient wisdom to prevent the roof
from collapsing under accumulated snow. Today,
the gable sides are often extended to adapt to
modern lifestyle.
Figure 7 illustrates the variation of gassho-zukuri
generated by the implemented CGA script. The
basic shape of the roof can be described by the
simple roofGable command containing the grammars of characteristic detail elements such as
muna-gaya (thatch of ridge) and kanzashi-gaya
(thatch of ridge end) to look like gassho-ukuri.
GasshoRoof-->
roofGable(55.0, 1.2, 0)
comp(f) {
		 horizontal : NIL |
		 vertical: Gable |
		 all : Thatching }
comp(e) { ridge : Ridge }
Thatching-->
s(scope.sx + 1.2 * 2, ‘1, ‘1)
center(x)
extrude(0.6)
alignScopeToAxes(y)
split(y) {
		 ~1 : comp(f) {
			 all : ThatchTexture } |
		 0.6 * cos(55.0) : NIL }

Section A1 - Shape grammar | CAADence in Architecture <Back to command> | 45

Conclusion

Finally, Figure 8 shows the landscape image from
the famous observatory of the World Heritage village, in which all traditional houses are automatically generated with the CGA scripts introduced
in this paper.

Constructive principles of architectural design,
which have been inherited historically and culturally, are mentioned in various forms such as writings, drawings, and physical models. However,
they are not often implemented in the procedural
format and are rather executed more practically
in a computational manner.
This paper introduced the characteristics of traditonal Japanese architecture, and presented the
outline of their procedual generation. All of these
scripts are implemented in CityEngine, and are
used in conservation design processes of traditional settlements. They are also planned to be
used in the reconstruction design process from
the Great East Japan Earthquake. However, the
rules described in the system are only part of the
design knowledge of traditional Japanese architecture. Many shortcomings are identical and will
be improved in our future studies.

Figure 7:
Automatically Generated
Gassho-Zukuri

Figure 8:
Simulated Landscape of
Shirakawa

46 | CAADence in Architecture <Back to command> | Section A1 - Shape grammar

Acknowledgements
The present study was supported by the “Exploring Design Knowledge by Focusing on the Symbol
Manipulation and Practical Role in Design Thinking” and “Theory and Experimental Study of Selecting, Consolidating, and Overhauling Aged Urban Infrastructures” Grants-in-Aid for Scientific
Research (KAKENHI) in Japan.

[10] Stiny. G., Ice-ray: a Note on the Generation of Chinese Lattice Designs, Environment and Planning
B, Volume 4, p.89-98, 1977
[11] Watanabe, S. and Katsuragi, K., Parametric Design Library of Traditional Japanese Town Houses
for Preservation of the Street Landscape at NaraMachi [in Japanese] Journal of Architecture,
Planning and Environmental Engineering (562),
p.329-335, 2002

References
[1] Stiny, G. and Gips, J., Shape Grammars and the
Generative Specification of Painting and Sculpture, IFIP Congress 71, 1971
[2] Mitchell, W., The Logic of Architecture: Design,
Computation, and Cognition, The M.I.T. Press, 1990
[3] Aoki, Y., Description of Architectural Plan and a
Method of Analysis on Composition of Architectural Space [in Japanese], Journal of Architecture, Planning and Environmental Engineering
(494), p.153-159, 1997
[4] Watanabe, S. and Watanabe, H., Architectural
Concept Modeling in the Framework for Representing Knowledge, Computer Applications in
Civil and Building Engineering, Proceedings of
the 4th International Conference on Computing in
Civil and Building Engineering, p.185-192, 1991
[5] Watanabe, S., Knowledge Integration for Architectural Design, Automation in Construction Vol.
3, An International Journal for the Building Industry, p.149-156, 1994
[6] Müller, P., Wonka, P., Haegler, S., Ulmer, A. and
Van Gool, L., Procedural Modeling of Buildings,
Proceedings of ACM SIGGRAPH 2006, Volume 25,
Issue 3, p.614-623, 2006
[7] Steinitz, C., A Framework for Geodesign: Changing Geography by Design, Esri Pr, 2012
[8] Watanabe, S. and Kitada, H., Generative Grammar of Modern Japanese City Planning, Proceedings of the 19th International Conference on
Computer-Aided Architectural Design Research
in Asia (CAADRIA 2014), p.555-564, 2014
[9] Kumakura, E., Murakami, A., Yamamoto, S. and
Ishikawa, M., Reconstruction of Coastal Villages
Swept Away by Tsunami by 3D Digital Model,
Journal of Disaster Research, Volume 10, Issue 5,
p.818-829, 2015
Section A1 - Shape grammar | CAADence in Architecture <Back to command> | 47

Back to command

Edited by Mihály Szoboszlai

CAADence in Architecture <Back to command> | 1

2 | CAADence in Architecture <Back to command>

Editor
Mihály Szoboszlai
Faculty of Architecture
Budapest University of Technology and Economics

2nd edition, July 2016

CAADence in Architecture – Proceedings of the International Conference on Computer
Aided Architectural Design, Budapest, Hungary, 16th-17th June 2016. Edited by
Mihály Szoboszlai, Department of Architectural Representation, Faculty of Architecture,
Budapest University of Technology and Economics
Cover page: Faraway Design Kft.
Layout, typography: based on proceedings series of eCAADe conferences
DTP: Tamás Rumi
ISBN: 978-963-313-225-8
ISBN: 978-963-313-237-1 (online version)
CAADence in Architecture. Back to command
Budapesti Műszaki és Gazdaságtudományi Egyetem
Copyright © 2016

Publisher: Faculty of Architecture, Budapest University of Technology and Economics

All rights reserved. No part of this publication may be reproduced, distributed, or transmitted in any form or
by any means, including photocopying, recording, or other electronic or mechanical methods, without the prior
written permission of the publisher.

CAADence in Architecture <Back to command> | 3

CAADence in
Architecture
Back to command

Proceedings of the International Conference on
Computer Aided Architectural Design

16-17 June 2016
Budapest, Hungary
Faculty of Architecture
Budapest University of Technology and Economics
Edited by
Mihály Szoboszlai

4 | CAADence in Architecture <Back to command>

Theme

CAADence in Architecture
Back to command
The aim of these workshops and conference is to help transfer and spread newly appearing design technologies, educational methods and digital modelling supported by
information technology in architecture. By organizing a workshop with a conference,
we would like to close the distance between practice and theory.
Architects who keep up with the new design demanded by the building industry will
remain at the forefront of the design process in our IT-based world. Being familiar with
the tools available for simulations and early phase models will enable architects to
lead the process. We can get “back to command”.
Our slogan “Back to Command” contains another message. In the expanding world of
IT applications, one must be able to change preliminary models readily by using different parameters and scripts. These approaches bring back the feeling of commandoriented systems, although with much greater effectiveness.
Why CAADence in architecture?
“The cadence is perhaps one of the most unusual elements of classical music, an indispensable addition to an orchestra-accompanied concerto that, though ubiquitous, can
take a wide variety of forms. By definition, a cadence is a solo that precedes a closing
formula, in which the soloist plays a series of personally selected or invented musical
phrases, interspersed with previously played themes – in short, a free ground for virtuosic improvisation.”
Nowadays sophisticated CAAD (Computer Aided Architectural Design) applications
might operate in the hand of architects like instruments in the hand of musicians. We
have used the word association cadence/caadence as a sort of word play to make this
event even more memorable.
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The aim of these workshops and conference is to help transfer and spread newly appearing design
technologies, educational methods and digital modelling supported by information technology in
architecture. By organizing a workshop with a conference, we would like to close the distance between
practice and theory.
Architects who keep up with the new designs demanded by the building industry will remain at the
forefront of the design process in our information-technology based world. Being familiar with the
tools available for simulations and early phase models will enable architects to lead the process.
We can get “back to command”.
The other message of our slogan is <Back to command>.
In the expanding world of IT applications there is a need for the ready change of preliminary models by
using parameters and scripts. These approaches retrieve the feeling of command-oriented systems,
DOWKRXJKZLWKPXFKJUHDWHUHHFWLYHQHVV
Why CAADence in architecture?
"The cadence is perhaps one of the most unusual elements of classical music, an indispensable addition
to an orchestra-accompanied concerto that, though ubiquitous, can take a wide variety of forms. By
GHȴQLWLRQDFDGHQFHLVDVRORWKDWSUHFHGHVDFORVLQJIRUPXODLQZKLFKWKHVRORLVWSOD\VDVHULHVRI
personally selected or invented musical phrases, interspersed with previously played themes – in short,
a free ground for virtuosic improvisation."
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