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Abstract: The purpose of this study is to analyze the characteristics of each facade of all buildings on both sides considering having
bamboo blinds or not along the Shinbashi-dori Street in the Gionshinbashi district. Composition elements are described in 4
attributes; types, position on the facade, color, and form, which is expressed in first order logic. The rules of the elements were
extracted in whole facade on each side by ILP. Followings findings has been made about the characteristics of the rules on both
sides: [1] the facade on the north side are composed with various types of composition elements, in contrast to it, the facade on the
south side are composed with architectural composition elements having the horizontal regularity of the size for the entire frontages
of buildings with their uniform color with bamboo blinds, and [2] on the north side with their characteristic variety of form, in

contrast to it, on the south side with their uniform color without bamboo blinds.

1. Introduction

The Gionshinbashi district represents a historically valuable
townscape and has long been designated a traditional architecture
preservation district (Figure 1). There are many traditional tea
houses built from the late Edo period to the early Meiji era
frequently, the townscape of Gionshinbashi district were highly
refined in terms of architectural design. For the preservation and
revitalization of the traditional townscape, we need to grasp how
the characteristics of the townscape is formed by architectural
composition elements such as roofs and windows, and
arrangements such as bamboo blinds comparing to other districts
or in the same district. Furthermore, to grasp the characteristic of
the building original appearance which took off a bamboo blind
as well as such a facade of the bamboo blind is considered to
connected for the acquisition of the knowledge about the
preservation of the building in Gionshinbashi district. Therefore,
the purpose of this study is to analyze the characteristics of
facades of buildings to clarify the differences between the both
of characteristics on both sides of Shinbashi-dori Street in
Gionshinbashi district considering having bamboo blinds or not.

Figure 1.7Vie;v o—f the Shinbashi-(i)ri Street

In this study, we use Inductive Logic Programming' (ILP)
for analysis. ILP is machine learning system based on expressive
first-order logic that executes inductive reasoning and
generalizes of results from a large quantity of examples with
various and complicated attribute information to generate new
concepts comparing the two groups of examples. We regarded
characteristics of the townscape are ascertained referring to roofs,
openings, and all other architectural composition elements
making up existing townscape, as well as arrangements of plants
and decorations, as individual “composition elements,” and
deconstructed buildings into basic units of these elements.

Many past studies have dealt with the townscape of Kyoto,
including the Gionshinbashi district. In a study by Monnai,
symbols marking the townscapes were systematized from
elevations of the traditional townscape of Kyoto, and then a
database was built describing how they were related.
Furthermore, this database was used to quantitatively analyze
similarity and diversity in the distribution of symbols in the
townscape. In addition, in a study by Saito, ILP was used in a
similar to this study to establish the method for deriving the
configuration rules of form elements in traditional facades after
landscaping, in the Sanneizaka district to compare elevations of
facades before and after landscaping was analyzed. These studies
attempted to ascertain the characteristics of elements in
elevations, and the premise that the townscapes were ones in
which bamboo blinds had been hung. Consequently, the
elements of facades in the overall facade did not include a
concept of depth.

However, actual townscapes are formed in three dimensions
by such as the overhanging of eaves and lattice windows on the
street side. Thus, to ascertain the characteristics of townscapes
spatially is important, accounting for the actual appearance of
buildings hidden behind bamboo blinds. Based on the previous
studies, the distinctive feature of this study is approaching all
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“composition elements” incorporated into townscapes on both
sides of Shinbashi-dori Street, with a focus on whether or not
there are bamboo blinds. Attribute information including depth,
is described based upon first order logic. Furthermore, the
descriptions are analyzed using ILP in order to grasp the
characteristics of traditional townscapes using extracted rules.

2. Methods

2.1. ON FIELD SURVEY AND DRAFTING OF ELEVATIONS

The subject of this study is the 32 buildings (north side: 16
buildings, south side: 16 buildings) on Shinbashi—dori Street
(Figure 2). The facades of all buildings on both sides were
photographed and a measurement survey conducted on field
survey. Furthermore, these photographs were composed of
elevation images with some photos (Figure 3). The buildings in
Gionshinbashi district represent a mixture of various building
styles with different frontage sizes between the different
buildings. Based upon the on field survey, the basic townhouse
eave frontage size was approximately 3.3 m, and building
numbers were assigned to each analyzed building based on these
sizes. However, more than one building number was assigned to
buildings with frontage of 3.3 m or greater using 3.3 m as a basis
(building numbers on north side: gl to g20, building numbers on
south side: o1 to 019).

Figure 2. Satellite image of Gionshinbashi district
Google Earth (2017) ©2017 Google, Building image ©2008 ZENRIN,
Image land set Data SIO, NOAA, U.S. Navy, NGA GEBCO

2.2. DEFINITIONS OF ATTRIBUTES

Four attributes are defined for “composition elements”: types (57
types), position on the facade (number of levels: 4 types,
horizontal arrangements: 3 types), color (28 types), form (shape:
49 types, material: 21 types, height: 3 types).

[Type] All visible composition elements on building walls of
architectural composition elements such as roofs and openings,
plants and furniture were defined as composition elements.
These elements peculiar to the Gionshinbashi district are named
referencing district preservation plans by the Kyoto City
Government Urban Planning Bureau? (Figure 4).

[Position on the facade] Types of position on the facade are
established as follows on elevation for each building: Vertical
arrangements consist of 4 types for number of levels 1 to 4;
horizontal arrangements consist of 3 types divided into left side,
middle, and right side (Figure 5).

[Color] The Photoshop color sampling tool is used to retrieve the
color of each element in building photographs in RGB values,
which are then converted to the Munsell color system to define
colors. Colorless transparencies among them indicate glass. In
addition, different types of combinations of multiple colors are
also defined, such as when a post passes through color backing a
wall, a wall with exposed timbers, for example (Figure 6).

[Form] Types of form are defined by three attributes: shape,
material, and height. Types of shape are defined as two-
dimensional basic figures and three-dimensional solid graphic
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Figure 3. Elevation of the both sides of facade of Gionshinbashi district
(a) elevations with bamboo blinds (north side: hgl to hg20, south side: hol to ho19),
(b) elevations without bamboo blinds (north side: ngl to ng20, south side: nol to no19)
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including whether has lattices, patterns or not. Three-
dimensional type defines a type based upon numerical values
obtained from measurement surveys of height, width, and depth.
In addition, composition elements that are very small in size and
forms that are difficult to ascertain are defined as aggregates of
multiple composition elements. In addition, materials are defined
referencing district preservation plans by the Kyoto City
Government®. Three types of height are used, broadly dividing
height into 450 mm or less, 450 mm to 900 mm, and 900 mm or
more based on actual measurements (Figure 7).
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Figure 7. Types of form of composition elements

(Shape: 49 types, Material: 21 types, Height: 3 types)

of the eaves became straight.

*9 The "manjyu-kawara” is the tile which
touched a small circle such as the form
of the steamed bun in the edge of the eaves.

2.3. INPUT DATA TO PROGOL

Progol, which is one ILP system created by Muggleton (1995),
allows arbitrary Prolog Programs as background knowledge and
arbitrary definite clauses as examples. Input data to Progol
consists of a set of positive examples, a set of negative examples
and background knowledge. In this study, each composition
element is regarded as an example. However, large roofs and
walls extending across entire frontages, as well as very small
exterior elements such as plants, represent large differences in
surface area on elevations. Hence, buildings are divided into
different levels vertically and are divided horizontally into three
sections: a left side, middle, and a right side. Thus a composition
element represents one example belonging to one of these
sections. Each four attributes (type, position on the facade, color,
and form) described as background knowledge. In addition, “is-a
hierarchies” were defined. The hierarchies of the attributes based
on inclusion relation are known in advance. In order for the
examples and background knowledge to be inputted into Progol,
they are described in Prolog description based on first order
logic. The description for examples and background knowledge
are as follows: Descriptions of examples are made using the
predicate “townscape.” The IDs of composition elements are
substituted into examples. The attributes of the four composition
elements are described using the respective predicates of “type”,
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“position”, “color”, and “form”. In addition, the “is-a
hierarchies”” are described as a Horn clause with an implication
symbol ¢: -> attached. The formats for these descriptions for
examples and background knowledge are shown in Figure 8.
Descriptions of the attributes for the four composition elements
above are inputted into Progol (ALEPH ver. 5°), which is one
ILP system, and then rules for composition elements are
extracted for the overall of facade.

4

3. Analysis

Examples of descriptions for composition elements inputted into
Progol are shown in Figure 8 based upon the formats for
descriptions defined in the preceding section. Each set of
composition elements for the facade on each side of at constitute
one group. By considering one set of composition elements as
positive example and another set of composition elements as
negative example, classification rules are extracted applying to
the positive example. Based on the above, two analyses are
performed, “Case-A” of comparing facades on both sides with
bamboo blinds and “Case-B” of comparing facades on both sides
without bamboo blinds. The characteristics of the respective

facade are discussed according to the extracted rules for the
composition elements of the overall of facade on both sides.

In Case-A, 105 rules for composition elements are extracted
from the groups of north side, and 92 rules are extracted from the
groups of south side. In analysis Case-B, 104 rules are extracted
from the groups of north side, and 81 rules are extracted the
groups of south side. In this study, “coverage” is used as the
main evaluation criteria for rules executed from both sides of
facade in two cases if analysis using ILP. Coverage is the total
number of positive examples explained by rules for the total
number of positive examples and is regarded as a significant rule
as long as the coverage value is large’. In this study, rules
marked the coverage more than 1.15% are considered
representative rules often appearing in both analyses, and are
subject to discussion. The rules extracted from analyses of Case-
A and Case-B are categorized into the following three patterns:

[Result-1] Same descriptions of rules extracted from Case-A
and B, and also with the same coverage marked (Figure 9)

[Result-2] Same descriptions of rules extracted from Case-A
and B, but with higher coverage marked in Case-B (Figure 9)

[Result-3] Rules each extracted from Case-A or B with no
commonalities (Figure 10)

Discription of composition elements of the facade on north side

Discription of composition elements of the facade on south side

Examples of Discription of background knowledge

Examples of Discription of backeround knowledge

discription of elements type(hg10071, bamboo_blind),

101
Type of hg10011 is a sudare,

“ha10011" Is 1st element | c0lorChg10011 light brown).

of house number hg1 with Color of hgl0011is light brown.

hamu?hhl\.r:ldean the facade | form(hg10011 reticulate patterns,bamboo,tall).
o1 north sige.

position(hg10011, second floor left side).
townscape(hg10011). Position on the facade of hg10011 is 2nd floor on the left side,

Form of hg10011 is reticulate patterns from bamboo in height [all].

discription of elements ypatha10011, storm shutter).
Type of hol0011 is a storm shutter,
position(ho10011, second_floor,right side). )
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of south side. Form of ho10011 is square plane from wood in height [middle]
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The result of the rules extracted from analyses Case-A (with bamboo blinds) and Case-B (without bamboo blinds) described same discription and same coverage of north side|

Co

Description of rules and examples coversd by the rules

.37

type(A, post).

15
1.2
1.3

form(A, under surface, plaster-finish wall, B). 7}
form(A, B, plaster-finish wall, middle height).
type(A, spandrel wall), position(A, B, left side),
form(A, C, wood plank, middle height).

type(A spandrel wall), position(A, B, left side),

_lm

.37 type(A, lantern).
11.00| form(A, small width solid, wooden, B).
62f (A, sphere, B, low h

ig]
37 form(A, board-formed solid, B, low helght)
.88[ form(A, square plane, B, middle height).

Red | 7 '88 color(A, darkbrown).
type(A, spandrel wall),
Re5 | 4 0.5 fz!l')m(A o%longplane wooden, B). 62| form(A, trapezoid plane, B, low height).
type(A, spandrel wall). | position(A, 1st or 2nd floor, B),
Rg6 | 3 .37 position(A, 1st or 2nd floor, B), color(A, brown), 75 position(A, C, right side),color(A, green).
form(A, plane of wood-grain pattern, C, middle height). position(A, 1st or 2nd floor, B), color(A, orche),
Re7 | 5 06 type(A, wall with exposed timber pillars), 62, form(A, C, wooden, low height).
g 4 ﬁ form(A, plane of wood-grain pattern, wood plank, B). position(A, 1st or 2nd floor, B), color(A,
Rg8 | 7 0.88 form(A, square plane, Kyokabe clay wall, B .50 form(A, C, wooden, middle height).
Rg9 | 3 .37 type(A, stud wall), color(A, orche). -| position(A; 1st or 2nd floor, B),
Rg10 6 0.73 type(A, wing wall), color(A, orche). Rgg‘ .37 position(A, C, right side), color(A, brown),
Rg11] 5 0.6 type(A, wing wall), form(A, B, wood plank, tall height). —= form(A, D. wooden, tall height). ———— R
19 4 0.50{type(A, wing wall), position(A, B, left side). position(A, 1st or 2nd floor, B), colorm darkgreen)
11 13& type(A, planting). fi extended shape of bellows, C.
111,39 form(A, B, leaves, low height). form(A, C, eave tiles, low height).

96/ form(A, large mosaic, leaves, B).

position(A, 1st or 2nd floor, B).
position(A, C, right side), color(A, deep blue),
form(A, plane with slit, D, tall height).

form(A, plane of latticed pattern, B, middle height).

position(A, 1st or 2nd floor, B),
color(A, orche),
form(A, C, bamboo, low height).

The result of the rules extracted from analyses Case-A and
il discription an er covera; lysi

r analysis of

Case-B
ase-B.

10[1.26/form(&, B, leaves, tall height).
217 7 [1.84form(A, line, leaves, B). —I
g18 5 [).69 type(d, pot). _
Rg19 3 10.37 type(A. n(la&_ﬁ_:gr). — .
Re20 9 |11 gglsol;&ndee}lgsﬁlolfe) nforn?&, Ene steel, 0).
Rg21 9 113 type(A, cascade glazing), color(A, gray).
Rg22 5 [).64type(A, cascade glazing), form(A, line, steel, B).
Reod 4 jtypg(fl\, shutter'box), position(A, 1st or 2nd floor, B),.
“position(A, C, right side), form(A, D, wooden, tall height).
8 I.Oq type(A, projecting lattice window: Oyako).

75 type(A, projecting lattice window), form(A, solid with slit, B, middle height)
type(A, projecting lattice window), color(A, darkbrown).
type(A, projecting lattice window: Shimotaya), color(A; deep blue),
n, B).
ow: Shimotaya), color(A, whitebase).

0.5

130| form(A, cross line, wooden, B).

type(A, flat lamce wmdow)
color(A,

type(A, shutter box),
position(A, 1st or 2nd floor, B),
position(A, C, left side),

1.30

0.37 , D

5 type(A, komayose), n(A, 1st or 2nd floor, B),
-0 position(A, C, middle), color(A, darkbrown).
l.Odtype(A, advertisement), form(A, lengthwise plane, B, middle height).
IOqtype(A advemsement) form(A, B, paper, middle height).

form(A, solid of wood-grain pattern, D, tall height).
position(A, 1st or 2nd floor, B).

5 form(A B, slab, low height).
.50/ type(A, signboard), position(A, B, left side).

.37] type(A, signboard), color(A, darkbrown).

; 415 059 position(A, C, right side), color(A, darkbrown),
3 form(A, plane of wood-grain pattern, D, middle height).
. position(A, 1st or 2nd floor, B),

; 5 9 [1.06 position(A, C, right side), color(A, darkbrown),
g form(A, solid with slit, wooden, D).

T position(A, 1st or 2nd floor,

B).
position(A, C, right side). color(A, flesh color).

position(A, 1st or 2nd floor, B).
position(A, C, left side).color(A, flesh color).

>

extract the rules with same discription and same coverage

s

Case-A <.
Comparing facade of POS'“Ye Example t
north and sourh sides __Negative Example

Negative

[facade of north side with bamboo blinds(hg1-hg20).

Positive Example

[facade of north side without bamboo blinds(ng1-ng20)
Positive Example t Negative Example

Negative Example Positive Example

Example

with bamboo blinds ~ [facade of south side with bamboo blinds(h

01-h019).] facade of south side without bamboo blinds(nol1-n019)|

e

extract the rules with same discription and same coverage

Case'B

Comparing facade of
north and sourh sides
without bamboo blinds

v
[The result of the rules extracted from analyses Case-A (with bamboo blinds) and Case-B (without bamboo blinds) described same discription and same coverage of south side|
No PosCov| Description of rules and examples coversd by the rules type<A transom), position(A, 1st or 2nd floor, B).
[Rol 101 form(A, under surface, mortar, B).
position(A, B, middle),
[Ro2 | 6 0.86/form(A, under surface, Kyokabe clay wall, C), il B =
i i g d, pOS] lon! right side,
[Ro3 | 5 0.7 position(A, B, middle), form(A, under surface, C, tall height). RO6 7| type(A, signboard), color(A, white).
[Ro4 | 4 .57 color(A, whitebase), form(A, line, wooden, B). type(A, signboard),” . . .
Ro5 T3 Dad GormlA, unior surface, stecl, B). form(A, B, other materials, middle hexght). =
Ro6 | 6 Osﬂtype(A spandrel walD), color(A, deep blue). form(A, extended shape copper plate, B):
form(A, B, wood plank, low he:ght) Ro10~12 /2 side), color(A, darkgreen).
Ro7 | 5 0.79 type(A, spandrel wall), Sl — = type(A eave of hirairi), posmon(A B mlddle) form(A C, copper | plate low height). ho8
14 form! ane of wood-grain pattern, wooden, "
: fype(fAA s;J:galnd.rel \t;mll) ‘;i:osmon B iddle), o darkbrown), color(A, colorless).
R08 | 4 057 form(A. plane of wood-grain pattern, wood Elank 0). _t 012 04 _ho3 form(A, B, steel, tall height)
Ro9 | 7 101 type(A, wall with exposed timber pillars),
| position(A, B, right side), form(A, under surface, Kyokabe clay wall, C), type(A equ_lpment) posmon(A B, Ieft side).
TGS form(A, (l:‘dBer suzfaceé D, n:iiddldl/le }f:eig;lt;. type(A, equipment), form(A, B, steel, low height).
9, .qposition B, right side/middle/left side), color(A, brown), form(A, line, B, low height).
12) fom.z(.A, C, wood pla.nk, low height). . position(A, B, middle), color(d, brown). | e
Ro13 6 0.8 position(A, B, left side).form(A, C, copper plate, low height). form(A, C, wooden, low height).
A position(A, B, right side), color(A, deep blue), position(A, B, left side), color(A, darkbrowm):
|Ro14{ 4 ).57 form(A, C, wood plank, middle height). form(A, C, wooden, tall height). 0
type(A, shutter box), color(A, deep blue), color(4, Combination of plural colors), form(A, B, paper, low height):
Ro15( 5 [1.72 form(a, B, wood plank, tall height). 44] form(A, plane of wood-grain pattern, B, low height).
Ro16 4 051 type(A, shutter box), position(A, 1st or 2nd floor, B), 4 00.57] color(A, white), form(A, oblong plane, B, low height).
: posntan(A C left su:e) form(A,johc)l of ]f“xddpam;"])) tall height). Ro42] 3 [0-43] position(4, B, right side), form(A, oblong plane, paper, C).
type(A, projecting lattice window), color(A, deep blue), T
Ro17 6 [).,3(; form(A, solid with slit, B, all height). goﬁ 7 140} color(A, brown), form(A, solid thh slit, wooden, B)-
ﬂtype(A, projecting lattice window: Shimotaya), 0441 4 .57 color(A, li
Ro18| 6 0.8 position(A, 1st or 2nd floor, B), Roda| 4 057 505“&“ T ¥
color(A, deep blue), form(A, solid with slit, C, tall height). = -t} Jorm plane with slit, G, low height
Ro19| 5 0.7 type(A, projecting lattice window: Shlmotaya), The result of the rules extracted from anal&ses Case-A and Case-B
9 14 position(A, B, left side), form(A, solid with slit, wooden, C). descnbed same (':!'1 tion ang fo I ase-B.
type(A, projecting lamce window), Cov| Description of rules and examples coversd by the rules
[Ro20| 5 .72 position(A, 1st or 2nd floor, B), bos type(A, storm shutter),
position(A, C, middle), color(A, deep blue). 05 form(A, B, wood plank, middle height).
Ro21| 6 0.86(type(A, flat lattice door), position(A, B, middle). 1.11] type(A, storm shutter).color(A, brown),
[Ro22| 4 ).57 type(A, handrail), form(A, B, wood plank, middle height)- '83l posltlon(A B, mlddle) color(A, brown).
[N : the rules marks tlse morg than 1. lbper ecentage(%). of coverage oo {ro - ORI, plan
Pos: coverage of rule(? ov - number o pos1t1ve examples covered by rule |no4|6 ).

Figure 9. The result of the rules extracted from Case-A and B, and also with the same coverage [Result-1(rule number on north side: Rg1-/ on south side:
Rol-)], and rules derived from Case-A and B, but with high coverage for Case- B [Result-2 (rule number on north side: r-ng1-/ on south side: r-nol-)]
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The result of the rules extracted only facade of north side with bamboo blinds The result of the rules extracted only facade of north side without bamboo blinds
No [PogCov[Description of rules and examples coversd by the rules No [Pos Covl Description of rules and examples coversd by the rules

position(A,Ist or 2nd floor, B), osition(A, Ist or 2nd floor, B), =
13|1.74|color(A, orche),
form retxculate patterns, bamboo, C).

1.30| form wood grain pattern, wooden 0),
form(A, wood- grain pattern, D. middle helght)

R- posltlonEA 1st or 2nd floor, B), posltlon(A 1st or 2nd floor,B),
hg2 | 6 |0.80|position(A, C, right side), 1.19 colorEA darkbrown ),
form(A, reticulate patterns, D, middle height). form(A,wood-grain pattern,wooden,C).

R- osition(A, 1st or 2nd floor, B), R- 9 [1.06 051t10n(A 1st or 2nd floor, B), color(A, white base),
hes3 | 6(0.80 grm(&wﬁod gri:im pattea'rc)u Chmxd}t?? height), ng3 . ? orm(A, C, wooden, middle height).
orm! wooden, middle height, 051t10n(A 1st or 2nd floor, B),
R- 610,80 color(A, darkbrown), R- 8 10.95 form(A, lme wooden, C),
hg4 Ul form (A, solid with wood- gra.in pattern, B, tall height). ng4 orm(A line, D, tall height).
R- color(A,darkbrown), A position(A, 1st or 2nd floor, B),
hgb 5 067 o (A wood- grain pattern,wooden,B), §g5 7083 coloréﬁ f°l°ﬂé’SSbﬁsﬁ) ht).
R- color , darkbrown), - form 1ne. tall height
hg6 4105 NIHEA . oblong plane, wooden, B). ) R-hg7 §g6 7 00.83|form(A, solid in low height, wooden, B).
R- type(A, wall with exposed timber pillars,
hg7 40.53 form(A oblong plane, B, low height). §g7 6 0.71| form(A, oblong plane, juraku stucco walls, B).
A, 1l 2nd fle B
position Remaa oo, position(A, 1st or 2nd floor, B),

R- position(A, C, mid
hg8 3 (040 color(A, darkbrown),

form(A oblong plane D, low height),
R- type(A, transom),
|hg9 | 3 [0.40 position(A, B, middle), color(A, darkbrown).
R- position(A,1st or 2nd floor, B),
hgl 4 10.53|color(A, light brown),

form(A. plane with slit, wooden, C),

R- color(A, darkbrow:

ng8 4047 form oblong plane wooden, C),
form(A oblong plane, D, low helght)
position(A,Tst or 2nd floor, B),

.2

ox]

colorEA deep b

form(A, oblong plane wooden,C).
type(A, handrail),

225 form(A, solid with slit, wooden, B).

149 type(A, handrail),

A2 form(A,B,wooden,low height),

R- pOSlthngA 1st or 2nd floor, B),
hg11l 410.53|position(A,C, right side), color(A, deep blue),
orm! Dlane with slit. D middle height). .

R- position(A, 1st or 2nd floor, B), type(A, handrail),

hg12 4 [0.53] position > C, middle), color(A, deeﬁ) blue), posnlongA 1st or 2nd floor,B),
orm(A, plane with slit, D, middle height). R- . 70083 polsn&nf C, left s;de

-09| color arkbrown,
] o 0 e it i, 1 e iy
t

hg13 4|05 form(A, plane with slit, wooden 0. R- EggitigﬁéA CS r(l)éhtnSIdeoor

position(A,1st or 2nd floor, B hg13 6 (0.71] color(A, deep blue),

form(A. solid with slit, D, middle height).

R- position(A,1st or 2nd floor,B),

hg14| 2 0.23| color(A,darkbrown),

form(A.solid with slit,C,low height),

type(A komayose),

R- position(A,1st or 2nd floor .B),

hg15{ 3 0.35| position 'C.right side),
orm(A,plané with slit,wooden,D),

Eém 4 |053/position(A, C, right side), color(A darkbrown),
Plform(A, plane with slit, D, middlé height).

Eém 4 10.53|type(A,dai-koshi window):

R- 3 10.40 color(A, darkbrown),
hg16 -4 form(A, B, steel, middle height).

R.
hgl7 3 0440|°°l°"'(Av red). R position(A,1st or 2nd floor,B),
R- hetd 3 0.35 coloréA ,darkbrown),
helg 3 0.4(]|type(A, stone). g form(A,C,steel,middle height),
Case-A [ facade of north side with bamboo blinds(hgl -hg20)| [facade of north side without bamboo blinds(ng1-ng20)] Case-B
Com};:arlgg facidqgf Positive Examples t Negative Examples Positive Examples 1 Negative Examples Comlll)arlgg facide gf
x:}g bi;bi%uﬁli;&ses Negative Examples Positive Examples Negative Examples Positive Examples ‘I;v?:fwlf;]baﬁgzo f)iit?(sls
[ facade of south side with bamboo blinds(ho1-ho19)] [facade of south side without bamboo blinds(nol-no19)|
The result of the rules extracted only facade of south side with bamboo blinds The result of the rules extracted only facade of south side without bamboo blinds
No [PogCov[Description of rules and examples coversd by the rules No Pos{Cov| Description of rules and examples coversd by the rules
10[1.51|color(A, colorlessbase). R o3 R-ho2 17(2.36 nggﬁ&nffgh% {,’}fv‘.,i,l,e))
R- form(A, plane of latticed pattern, position(A,B,left side),
ho2 | 6 {0.90) wood plank, B) ) 152,08 color(A light brown).
R- form(A, solid of latticed pattern, (A handrail),
ho3 | 4 |0.60) wood plankli b 018 11[152/ fer(A lfglitrli;rown)
) type(A, storm shutter), :
EO " 510.75| DEition(A, B, right side). 5 (0.69|form(A, B, Kyokabe clay walls, low height).
R- type(A, wall with exposed timber pillars), 4 10.55|form(A, oblong plane, Kyokabe clay walls,B).
hob 4 {060 position (135t1°{ 2nél §1°Oli (A, orche). osition(A, B, right side),
Rosttion elt:gide); coloti, orche 3 041 ?otm(A oblong p glane wood plank, C).
R- type(A, wall with exposed timber pillars), -
ho6 410.60 form(A oblong plane, Kyokabe clay walls, B) 307 5 10.69 ?(;ﬁ&xﬁ(g,gtﬁggsséiiéne wooden,C).
type(A, wall with exposed timber pillars),.
= ggfgﬁ“’n(ﬁlﬁ ?(;ddle) R | 41055 position(A, 1st or 2nd floor, B),
B | Bl ¢ oodon, middie height. o8 | 4 PPposition(a.C let side), cloxh ot o, et
3 B lor(A,
e (5 poen . B Tt wer o | 2 DB - wiodan, e sghs, o o0 1015
?gr[,ﬁ 503111.(1 ;?tvf)ns]lt wooden, C). R- type(A, transom), position(A,1st or 2nd floor, B),_| R—nql 1
R (A, handrail), notg ¢ 0 FOSR&H(Alg lefflSlﬁe) den, D).
o type andrai orm! solid with slit,wooden, j
ho9 21030 form(A, solid with slit, wooden, B). R- type(A,transom), position(A,1st or 2nd floor,B),
R- position(A, B, right side), 11l 5 [0.69|color(A colorlessbase),
hol0 2 [0.30[color(A, white base), 00 form (A plane with slit,wooden,C)
form(A, plane with slit, C, middle height). R- type(A,transom),position(A,1st or 2nd floor,B),
ho19| 4 055 color§A ,colorlessbase),
. Pos: coverage of rule(%). form(A solid with slit, wooden,C)
Cov: number of positive examples covered by rule 51;13 2 0.27|type(A, transom), form(A, line, wooden, B).
1 the rules marks the more than 1.15 perecentage(%) of coverage R-
a1 5 10.69|type(A, flat roof).
R- type(A,glass window),
nol5 51069 form(A%me B,low height).
. ype(A,storm shutter),
éolb' 3 0~41 or(A deep blue).

Figure 10. Rules each extracted from Case-A or B with no same descriptions of rules between two analyses [Result-3]
rule number on north side in Case-A: R-hgl-/ Rule number on south side in Case-A: R-hol-
rule number on north side in Case-B: R-ng1-/ Rule number on south side in Case-B: R-nol-
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4. Discussion

4-1. CHARACTERISTICS OF COMPOSITION ELEMENTS
EXCLUDED BAMBOO BLINDS

Rules for both sides with and without bamboo blinds extracted
from analyses Case-A and B with exactly the same descriptions
in category of pattern [Result-1], may be said to indicate
characteristics of composition elements in the facade on both
sides where sections with bamboo blinds have been excluded.
These rules yield the following as the main differences between
composition elements on the two sides. First, in terms of form, is
(1) under surface, followed by six in terms of type: (2) spandrel
wall, (3) wall, (4) shutter box, (5) projecting lattice window, (6)
signboard, and (7) eave for type (Figure 11).

(1)Under surface: Many walls on the north side have a plaster
finish, many recently rebuilt building walls on the south side are
characterized as composed of materials such as Kyokabe clay
walls, steel, or mortar.

(2) Spandrel wall: Major differences in material are seen on the
both sides, but spandrel walls on the north side are often found to
be on the left side on the facade and colored dark brown or
brown, while spandrel walls on the south side are seen with
different characteristics in the middle and are dark brown or deep
blue in color.

(3) Wall: Regarding differences between walls with exposed
timber pillars on either side, planking with a wood-grain pattern
is used on the north side, while Kyokabe clay walls with no
patterns are used on the south side.

(4) Shutter box: On the north side, shutter box are often placed
on the right side on the facade, on the other hand, on the south
side they are placed on the left side on the facade.

(5) Projecting lattice window: Projecting lattice windows in the
facades on the north side include both Oyako-lattices and
Shimotaya-lattices and have deep blue and dark brown color. On
the other hand, the projecting lattice windows on the south side
have only Shimotaya-lattices, and a frequent rule is that they
have a deep blue color.

(6) Signboard: On the north side signboards are dark brown in
color and are often placed on the left side. On the other hand, on
the south side, signboards are often white and placed on the right
side.

(7) Eaves: A characteristic of both sides is dark green eaves.
Those on the north side utilize extended shape of bellows and
roof tiles, while those on the south side use massive extended
shape and copper plate.

Peculiar characteristics with no differences other than those
above on the north side are wing walls, plantings, cascade
glazing, enclosures, posts, advertisements, and nameplates.
These installations are not essential constituents of buildings. On
the other hand, on the south side there are composition elements
that are colorless and equipment; in other words, glass and
composition elements using modern materials such as those
found in steel facilities and equipment.

4-2. CHARACTERISTICS OF RULES WITH HIGHER
COVERAGE WITHOUT BAMBOO BLINDS

As for rules with higher coverage in the whole facade without
bamboo blinds in category of pattern [Result-2], the rules for the
facades on the north side have characteristics of wooden
composition elements with cross lines, composition elements
that are dark brown in color and have a wood-grain pattern
placed on the right side, flesh-colored composition elements
placed on either the left or right (Figure 12). Composition
elements with cross lines is thought to be seen in cascade glazing

in building g5 (Figure 13). Wood-grain pattern with dark brown
in color is thought to be a mainly seen in second-floor storm
shutters, and flesh-colored composition elements is thought to be
the characteristic of plaster-finish walls.

The facade on the south side, the characteristic is storm
shutters, plane with slit in brown color, oblong plane with middle
height. The facade on the south side are said to frequently have
these composition elements installed on the inside with bamboo
blinds.

4-3. DIFFERENCES IN RULES APPLYING ONLY TO THE
FACADE WITHOUT BAMBOO BLINDS

There are four differences in the characteristics of rules in
category of pattern [Result-3], corresponding only to facades on
both sides without bamboo blinds: (1) handrails, (2) oblong
plane and (3) linear shapes in terms of form, and (4) colorless
bases in terms of color (Figure 14). Discussion of differences in
these rules is as follows:

(1) Handrails: The facade without bamboo blinds on the north
side is often dark brown in color. In contrast, on the south side,
there are only ones that are light brown in color, although they
are not characterized by a focus on handrail form. The handrail
in building ho8 is an example (Figure 15).

(2) Oblong plane: The facade without bamboo blinds on the
north side, Juraku stucco walls are often seen, while on the south
side, Kyokabe clay walls are common, so there is a clear
difference in wall material.

(3) Linear shapes, (4) Colorless base: The facade without
bamboo blinds on the north side characterized linear composition
elements tall in height, and have flat slits and three-dimensional
slits, with various depths for slit-shaped composition elements.
In contrast, the facade without bamboo blinds on the south side,
composition elements that are low in height, such as wooden
transoms and glass windows 450 mm or shorter in height, often
have linear shapes or colorless bases.

4-4. DIFFERENCES IN RULES APPLYING ONLY TO THE
FACADE WITH BAMBOO BLINDS

As for differences in rules in category of pattern [Result-1, 3]
applying only to the facade with bamboo blinds as follows
(Figure 16):

(1) Handrails: Handrails in the facade on the north side are seen
to characteristic of a flat with slit form, while handrails on the
south side are seen to be different with a three-dimensional slit.
Bamboo blinds on the north side are on the same plane as
buildings, while on the south side, either there are bamboo blinds
on the second floor, and handrails are seen to be extending out
from the outer walls of buildings in building o8 (Figure 15).

(2) Patterns: A wood-grain pattern is frequently seen on the north
side, while a lattice pattern is frequently seen on the south side. If
there are also not bamboo blinds, the differences are arised in the
patterns of composition elements, such as shutter boxes.

(3) Transoms are characterized by being dark brown and
arranged in the middle of facade with bamboo blinds. In contrast,
on the south side, regardless of whether or not there are bamboo
blinds, if transoms have a white background (that is, if glass is
not used), then the characteristics is found on the left side.

(4) Plane with slit are often placed in the right side on either
facades of the north and south sides. Furthermore, they are seen
on the north side on composition elements of various colors,
including light brown, deep blue, and brown, and are 450 mm or
taller in height. In contrast, on the south side, the characteristic of
composition elements is 450 mm or less in height, when they are
colored deep blue or brown.
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the same subjects of between the rules of north and south side

(1) form/under surface (2) type/spandrel wall (3) type/wall |(4) type/shutter box| (5) type/projecting lattice windows |(6) type/signboard|  (7) eaves
@ | form/plaster-finish wall position/left side form/plane of | position/right side [form/plane with slit, wooden position/left side |form/
% pl : wood-erain pattern) form/wooden type/Shimotaya(projecting lattice window) Rg35 |extended shape of bellows
tform/wood plank Rg3|wood plank tall height color/deep blue(Rg27), color /whitebase(Rg28) color/darkbrown LR
= : i 949
- L color/darkbrown Rg4 H i color/darkbrown type/Oyako | : Rg36
s ! form/middle height,
™ form/oblong plane, woodenRg5 solid with slit Rg50)
= color/brown . Rgé
s rm/plane of wood-grain patter:
2 =
o
2
2 Y - i
difference in fference in Y differen o lference in type ecnng lameewmdow differencein [ Y.. difference in
3 difference in material ‘color and position ™ tsl\am o a4 materil an’(} position s ape(plane/solldwx L<lit) height and color ; color and position| 3 shape and material|
“@ | form/Kyokabe clay wall formfwood plank form/tall height form/solid with slit position/right side|form/
£ | position/middle Ro2 Bm:://d:ep I;Iue :’ oo pfzm L‘mr/ surface, form/wood plank | type/Shimotaya(rojecting lattice window) Ro26 |massive extended shape,
5 ~form/mortar Ro1 oo O € PR I yokabe clay wall | Foto color/deep blue color/white Ro2s [¢OPPer plate Ro28
@ form/steel  Ros | iposition/left side form/tall height go1g form/copper plate
2 olor/darkbrown, position/middle i Rot6 i lowheight po30)
-‘-=' form/plane of wood-grain pattern| - form/wooden Ro19
s wood plank Ro8
(7]
5
Ell
o
=

3 type/wing wall type/planting type/cascade glazing, rafter type/other arrangements
w0
form/wood lank, type/pot  form/leaves type/cascade glazing type/rafter|type/post type/ pe/advertisement, color/orche
% g 111) 1ght FpeRo form/tall height Eformelllvo? height | y}c)olcr/s Cx‘aye glazing typelrafter yp P esr’l}élosure nameplate fc}),rm/mlddle hexght form/bamboo
s Rq18 orm/line gy1g,17 | form/large mosaic| L form/ ne, steel orm/lengthwise plane
color/orche 4 orm/paper
2| | position/left side Rg1415 Rg21,22 Rg19 :
| i Rl 910,12
8
2
£ |B=l W -
the subject of the peculier rules extracted by each facade of north and south side
& | color/colorless | type/equipment
_2 color/colorless os1t/10tnfleft side 4~ the keywords of the rules
L —i i Orm stee.
S i low helght
2 ] - the examples covered by the rules
o :
s  Ro3435— Number of the rules (refer to Figure 9 and 10)
2 :
2
@
=

Figure 11. The characteristics of rules extracted from analyses Case-A (with bamboo blinds) and Case-B
same coverage (Higher level: rules extracted with differences between both sides, Lower level: peculiar rules extracted from each sides of facade)

] the rules on the north side

form/cross line,

. wooden

tyi)e/ﬂat lattice window type/shutter box
lor/ white base

;gosmon/left side color/s
orm/solid of wood-grain pattern

tall height

position/right side,

arkbrown

form/plane of wood- gram pattern,

middle hes

form/solid with sl t

" L. . bl (s R
the peculier rules extracted by each facade of north and south side

color/flesh color
position/left side,right side

1 difference in height

form/low height

= ty}f)e/storm shutter position/middle form/oblong plane,
@ rm/wood plank, color/brown middle height
= I: middle height form/plane with slit 1
3 color/brown H
2 : |
= ir-nol,2
o
2
=
P
=
Figure 12. The characteristics of rules with higher coverage without bamboo blinds
the same subjects of between the rules of north and south side
(1) type/handrail (2) form/oblong plane (3) form/line (4) color/colorless base
3 color/darkbrown form/Juraku stucco wall form/tall height form/line
‘_; t §
g
= R-ng5
g
8
2
2

Figure 14. Differences in the characteristics of rules without bamboo blinds

ﬂwnh bamboo blinds), and also with the

Figure 13 The facade of g5 having
cascade glazlng with cross lines

Figure 15. The facade of ho8 having a
handrail colored in light brown
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the same subjects of between the rules of north and south side

(1) type/handrail (2) form/pattern

(3) type/transom

(4) form/plane with slit

form/plane with slit, form/plane of wood-grain pattern, wooden
wooden X

form/solid of wood-grain pattern

i Rhg35 i R-hgt

! difference in shape -
form/solid with slit,
‘wooden

""""""" “difference in shape and material -1

-~form/plane of latticed pattern, wood plank
wood plank

color/whitebas
i form/solid of latticed pattern,

a0

D WAL
D
N

Y
I |
it

[the rules on the south side} the rules on the north side

color/darkbrown
position/middle

position/left side

e

Ro24

1 difference in color and position

form/middle height, color/darkbrown, form/tall height
olor/deep blue form/middle height position/right side,
E position/middle  position/right side ~ color/deep blue
position/right side H

color/light brown,
form/wooden

t difference in color and height

form/low height
position/right side,
color/deep blue

Er—noB _ Ro45

color/brown
position/middle,
form/wooden

Figure 16. Results for rules seen only in facades on both sides with bamboo blinds
(Four differences in facade composition elements shown on both sides)

4-5. CHARACTERISTICS OF COMPOSITION ELEMENTS
WITH HIGH COVERAGE

Rules extracted from the facades on both sides by analyses Case-
A and B that are high in coverage may be said to be peculiar
rules frequently included in all facades. Here, rules with
coverage of more than 1.15% are subject to discussion (rule
numbers with black background color in Figure 9, 10). Examples
of composition elements corresponding to these rules are
indicated in each sides of north and south of the whole facade,
follows is a discussion of the characteristics of overall facade.
What is a discussion of the characteristics of overall facade with

bamboo blinds (Figure 17).

Composition elements with high coverage in north side are
characterized by composition elements greatly varying in type,
color, and form. The characteristics of types are plaster walls,
plant arrangements, and plank spandrel walls on the left side of
the facade. And there are many composition elements colored in
deep blue and formed by plane with slit, and formed latticed
pattern. In addition, many of these composition elements show
characteristics of those making up part of all buildings, as well as
being found in installations. On the other hand, on the south side
include composition elements belonging to architectural
composition elements such as transoms colored in white base

[1] Composition elements marked high |[2] Differences in characteristics of composition elements described in rules extracted from analyses | [3]Differences in characteristics of composition elements
coverage with bamboo blinds (A) and (B) as same coverage, rules in black background marked high coverage (Figure12 between both sides with bamboo blinds (Figure 14)
i Oyako + Shimotaya lane of middle/ middle
D right side|deep b(lu darkbrown wing wall plfatﬁe it pwood'grain middle tall height darkbrown
wooden [plane sliﬁ solid (lsli_t arrangements bl S pattern  |darkbrown|deep blue 1.y
( middle helgh)t cascade glazing s
L 0sitio] type(lattice window, ition iti :
al I?naten color, ghape, hé}gﬂt B Ishape Ishape Ig&solrlon Ihelght,color
middle surface  [left ﬁidia | gllei;noﬁiiya solid ;?trilceel()if left side | middle right side
ﬁggk‘ggﬁ wood plan COSR sli?), tall height with slit pattemn whitebase | brown deep blue
d spandrell shutter | projecting lattice ed peculier characteristics i 2 8
e o [l wall |pox oW 8 I: composition elements handrail| pattern |transom |plane with slit

nt
unified ir

omposition

el

==
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Figure 18. Summary of the characteristics of facade on both sides without bamboo blinds
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and formed by solid with slit, line and plane of wood-grain
pattern are present across entire frontages. In addition, colors are
characterized by uniformity, whether light brown or colorless.
From this, it was possible to show clear differences in facades on
each side: diverse facades on the north side with a variety of
composition elements scattered throughout the whole facade and
uniform townscapes on the south side with architectural
composition elements; horizontal elements formed by extended
shape of eaves, having the horizontal regularity of the size for the
entire frontages of buildings with their uniform color.

Next is a discussion on characteristics of the facade
without bamboo blinds (Figure 18). On the north side, there are
cross lines, flat lattice windows colored in white color based,
plane of wood-grain patterns colored in dark brown, and
handrails formed by solid with slit. In contrast, the south side is
characterized by storm shutters with brown colors and light
brown composition elements. Consequently, there are differences
between the north side with their characteristic variety of form
and south side with their uniform color.

The differences are found between north and south sides
considering whether or not there were bamboo blinds. The
facade of north side has a variety of types with bamboo blonds,
in contrast, a variety of form without bamboo blonds. The facade
of south side has with their uniformity and horizontal regularity,
in contrast, with their uniform color without bamboo blinds.

Conclusion

In this study, we analyzed the characteristics of the facade on
both sides, considering whether or not there were bamboo blinds
in the Gionshinbashi district using ILP. We made the following
findings: (1) the characteristics of the whole facade on both sides
with bamboo blind sections excluded having individual
differences among seven differences of composition elements:
under surface, spandrel walls, walls with exposed timber pillars,
shutter boxes, projecting lattice windows, signboards, and eaves;
(2) the characteristics of rules with higher coverage without
bamboo blinds are indicated the elements, such as storm shutter,
installed on the inside with bamboo blinds, and no differences
between both sides; (3) the characteristics of facade without
bamboo blinds having differences between four composition
elements: handrails, oblong plane, line shapes, and colorless
bases; (4) the peculiar characteristics of facade with bamboo
blinds having peculiar differences among four differences of
composition elements: patterns and handrails, transoms and
planes with slits.

Furthermore, based on rules with high coverage frequently
appearing on the facades on both sides, it was possible to find the
differences in whole facades on both sides, whether or not there
were bamboo blinds: [1] the facade on the north side are
composed with various types of composition elements, in
contrast to it, the facade on the south side are composed with
architectural composition elements having the horizontal
regularity of the size for the entire frontages of buildings with
their uniform color with bamboo blinds, and [2] on the north side
with their characteristic variety of form, in contrast to it, on the
south side with their uniform color without bamboo blinds.

Endnotes

1.ILP is a machine learning system based on first-order logic, which
executes inductive reasoning.

2.Composition elements are extracted referencing “structure,” “roof and
eaves,” “walls,” “materials,” and “color” per exterior style described in
the “Kyoto Traditional Architecture Preservation Related Municipal

Ordinance, Gionshinbashi Traditional Architecture Preservation

”
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District Preservation Plan” by the Landscape Policy Division of Kyoto
City Government Urban Planning Bureau.

3.Reference was made to Table 2.1 “Standards for Building Exterior
Style, Material and Color” on “Kyoto Traditional Architecture
Preservation Related Municipal Ordinances, Gionshinbashi Traditional
Architecture Preservation District Preservation Plan” by the Landscape
Policy Division of Kyoto City Government Urban Planning Bureau.

4.An “is-a hierarchies” based on the generalized inclusion property of
abstract representation is established as background knowledge
beforehand.

5.In this study, an expression abstracting types of each attributes is
provided to set an inclusion property for the “is-a hierarchies.” Their
relationship is described using an implication symbol “:-.”” Specific
expression descriptors and values for composition elements in Figure 4
to 7 are substituted into the right side, and their abstract representations
are substituted into the left side.

6.1n this paper, one of the versions of Progol, ALEPH ver.5, was used.
ALEPH was implemented by S.H. Muggleton and L. De Raedt in
Prolog based on the Progol algorithm. Input data to Progol consist of a
set of positive example, a set of negative example, a set of background
knowledge, and mode declarations used by Progol to guide the prosess
of constructing a generalization from its examples. From these data,
hypothesis are constructed.

7.Coverage indicates what percentage of all examples is explained by a
hypothesis extracted rule.
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