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Abstract

Authenticity is one of the main phenomena of architectural conservation. At first
glance it refers to the emphasizing of fidelity, originality and sincerity to the
origin of historic buildings, sites or objects. This notion is a common subject of
argument in the interpretation of historic buildings and sites which involves
experts of the architectural conservation council. Cognoscenti are bound to
decide for the difficult resolution of authenticities of historic fabrics relating to
their knowledge and experience. The question about the authenticity of a historic
fabric can be answered whether it is authentic or not, but this does not give an
idea about the level that is “how much”. The answer relies on the experts’
perceptions and while one may say “very good, authentic” the others may say
“not authentic” for the same historic building. This shows a lack of clarity and
certainty. In this study, a new ranking system has been developed to interpret the
unequal results of deterioration of historic buildings and their authenticity levels
by the use of “fuzzy logic” sets. A fuzzy logic model evaluates historic buildings
according to the question of “how much”. Although numerical categorization
sets forward sharp and mutually exclusive classes according to classical
Aristotelian logic, “fuzzy logic” includes mutually inclusive classes. Fuzzy logic
operators provide a formal method of manipulating linguistic variables. The
usage of fuzzy logic in this system provides a comparative analysis of different
conservation states of historic buildings to go through and accurate restoration
works according to authenticity ratings. This study proposes objective decisions
that can be interrogated and reconsidered on the authenticity of a monument
rating model to evaluate the degree of authenticity of historic buildings and sites.
This logical fuzzy model provides an easy tool to take reliable results. The model
was briefly explained with working principles and formulations through
advantageous and disadvantageous aspects.
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1 Introduction

Results of scientific studies refer to a level of precision. Inferences obtained
through the result of an experiment, an observation or a judgment. That can only
continue on its way from hypothesis to a law by the validity in wide applications.
While it is possible to move laws in sciences which have mathematical and
engineering infrastructures, on the other hand, it can be pointed out that it is
complicated and difficult to achieve the same goals in social sciences. In
addition, these achieved final judgments and results may vary within the context
of time and space. Some assumptions and reductions based on the phrase “under
normal circumstances” never occur in nature in the same way. We cannot find a
triangle that we are using in geometry in nature [1]. However, Aristotelian logic,
used in all scientific models and accepted as valid for a long period of time in
science and philosophy, is based on final acceptances of premises and
conclusion. This model depends on an understanding of the duality of reality
such as 0-1, yes-no, black-white as in two-valued logic. Fuzzy logic is a form of
many-valued logic; it deals with reasoning that is approximate rather than fixed
and exact. In contrast to Aristotelian traditional logic theory, where binary sets
have two-valued logic like true or false, fuzzy logic variables may have a truth
value that ranges in degree between 0 and 1 that meets the requirements of social
sciences. Fuzzy logic began with the 1965 proposal of fuzzy set theory by Lutfu
Askerzade [2]. However, up to now it has been generally applied in many
engineering fields and is used very rarely in social sciences. The concept was
hardly criticized in western world and compared with statistical and probability
calculations but has started to be used especially in industrialized countries such
as Japan, Singapore and Korea after the 1980s [3]. The studies with fuzzy logic
have increased especially after its success in technological tools such as air-
conditioners, washing machines, lifts and vacuum cleaners. Fuzzy logic is used
directly in nearly all engineering fields, computer technologies and the
verbalization of databases.

2 Authenticity on architectural conservation

The word authenticity includes meanings in English, German and French such as
the “original, authentic, authority, legally valid, implausible beliefs, firsthand,
copied, true, do not imitate, represents the first author or source”. Authenticity
refers to the truthfulness of origins, attributions, commitments, sincerity,
devotion and intentions” [4]. The origin of the word “authenticity” is Latin,
derived from authentique. To date, its meaning has slightly changed by semantic
shift to meaning “different, exotic, romantic ambient, historic parts, etc.” In
architectural conservation, the term authenticity was firstly seen in the Venice
Charter. In the introduction part it is emphasized that “..The common
responsibility to safeguard them (historic monuments) for future generations is
recognized. It is our duty to hand them on in the full richness of their
authenticity” [5]. In 1972 at another international conservation convention it was
mentioned that authenticity of monuments for world heritage list nomination [6].
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Another development of authenticity is “the test of authenticity” term which was
included in the Operational Guidelines for the Implementation of the World
Heritage Convention in 1977. Hereafter, authenticity became a unique notion of
architectural conservation. Afterwards, many charters were launched relating to
authenticity but the most important and overall authenticity charter is Nara,
Japan in 1994. 138 expert delegates signed a final declaration which consists of
13 articles in which authenticity components were submitted as follows:

1-form and design,

2-materials and substance,

3-use and function,

4-traditions and techniques,

5-location and setting [7].

Spirit and feeling and other internal and external factors were included to
authenticity criteria. However, the first 5 criteria were generally accepted in
architectural conservation. Related to these 5 criteria, historical buildings were
qualified, buildings that do not exactly meet the 5 criteria were named
“authentic”, others remained “not authentic, but historic buildings”. Finally,
“authentic buildings” are candidates to the world heritage list [8] while others
cannot apply for nomination.

3 Fuzzy logic and architectural conservation

Architectural conservation is a science and completely different area in the
intersection of abstract and concrete concepts that use technological tools and
machines. While final judgments can be explained by classical logic, if a
concrete object-relational modelling is needed to make different decisions and
approaches to fuzzy logic can be more appropriate. For example, persons who
are experts in the field of the history of architecture that addresses the historical
structures related to their work may not need fuzzy logic for these structures.

There is little to do in decision-making for uncertainty of a new method
which does not require more information and documentary. It is very difficult
for other experts of the history of architecture to identify a historic building as
non-Gothic. Contrarily, there is more uncertainty (fuzzy) in the field of
restoration. For example, it is very difficult to express the level of conservation
of a historic building with numbers. It can be visible that the building had
construction materials, form, function and a location in the settlement but how
can we assume the level of conservation or what is the level of authenticity? The
answer to this question is very important in the field of architectural conservation
because all the implementations and interventions are formed according to these
answers. Some criteria were defined and determined such as registered in
class 1, registered in class 2 and registered in class 3. However, there are many
uncertainties and fuzzy parts in these criteria.

The decision making process about historic sites and buildings is also very
difficult. There are many principles, laws and special cases for each building
needing to be considered.
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It is quite difficult to implement the same decision making process for another
building. The decision maker’s knowledge, cultural experiences, reconciling
independent and irregular threads, observation methods and giving decisions
according to the protection of universal values are very important assets. This
process needs a more fuzzy logic rather than Aristotelian logic.

The status in theories of architectural conservation is verbal. For example; we
say “this building is authentique” or alternatively the option “not authentique”.
In classical logic there is no other option. However, during implementation there
is gradualist in statements such as “little authentique”, “well conserved”, “good
authentique”. These little, well and good levels change according to person.
These levels are verbal and did not state in the literature “numerically” such as
10% authenticity degree or 90% authenticity degree. This case is common not
only in authenticity levels but also the level of conservation of the building and
registered class of the building. According to the World Heritage List defined by
the UNESCO in 2009, there were 890 works in 186 countries which 689 of them
are cultural, 176 of them were natural and 250f them were mixed types [8]. If we
consider all architecture heritages in whole world this can be seen as a very small
number. Only in Turkey there are thousands of other heritage samples. The
evaluation of these works processed through national and local decision making
mechanisms. There is a lack of expertise in this levels which cause a lower level
standard compared to international level. In the case of Turkey, many works of
civil architecture have been demolished. The authenticity test gives the
opportunity to list the buildings and “make an authenticity rating” in order to
take the rest into the list. According to this model that can be a slightly difficult
to implement in the first place decision-making and implementation processes all
over the world can be brought as a whole on the basis of determinations made for
structures

The classical method defines only 890 samples as “totally authentic” and is
only 1% of the total of the historical buildings. Developed methodology within
the scope of work on the authenticity of architectural modelling with the fuzzy
method can be applied in many fields of architectural conservation. This model
also gives us the opportunity to make a decision model for the building that is to
be registered or not. In addition, the model contributes and shortens the working
time and increases the quality of the buildings. Thus the study proposes a fuzzy
logic modeling that enables the experts to determine the authenticity level of the
buildings and discover the less original abandoned buildings for which there is
no interest.

3.1 Working principles of fuzzy logic

It has been suggested that the logic of Aristotle has two inference values such as
0 and 1. The positive expression fully “yes” means 1 whereas the negative 0
means “no”. In other words, water verbally can be expressed as hot or cold.
There were no mid values. Another sample can be a human is long or short; there
were no mid values or answers according to Aristotelian logic for such questions
as “how long?” or “how hot?”. In fuzzy logic there is no certainty. Everything
expressed mathematically is between 0 and 1 [9]. For example, water can be very
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hot, warm, slightly warm and almost warm. A human can be very long, a little
bit longer, a little bit shorter or very short. These definitions are very common in
our daily lives. So, fuzzy logic defines our verbal terms into mathematical
models and expressions (Figures 1 and 2).

SYSTEM
INPUT — BEHAVIOR — OUTPUT
Figure 1: Classical logic system behavior.
FUZZY RULES
iNeuT W | FUZZIFICATION DEFUZZIFICATION | pmmly OUTPUT

FUZZY INFERENCE J

Figure 2: Fuzzy output working principal [1].

We often encounter the same uncertainties in our daily lives. For example, the
expression “today it is very hot” may imply 25-35°C for one while it is 30-35°C
for the other (Figure 3).

cold warm hot
1
07._._._._“ " B B § N NN
el temperature ——=—
Figure 3: Linguistic variables hot [10]. (See online for color version of

this figure.)

In Figure 3 the cold variable (blue) line starts from 0°C and continue to 13°C
but between 0°C and 8°C it is exactly cold. From 8°C to 13°C its value is
decreasing on the cold variable, but at that same range, the warm variable is
increasing. For some people 9°C is cold, while for others it is warm. In the fuzzy
logic system 10°C, according to Figure 3 at the point of intersection of the cold
(blue) and warm (yellow) line, the membership degree of cold is 0,5 and degree
of warm is 0,5. What does it mean that 10°C is cold at the same time it is warm.
Fuzzy logic sets make this possible to be hot with a numerical variable. Its value
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is 0,5 in the fuzzy system while in the classical methods it would be only cold or
only warm and the value would be 0 or 1. Therefore, in the classical Aristotelian
logic system there is no place for uncertainty, it works only with certain values.
As a result, the classic system remains inadequate about uncertainty systems.

In the fuzzy system, the degree of membership is between 0 and 1 (0<md<1).

There are a lot of advantages since the membership degree is between 0 and
1. It enables us to evaluate interval uncertain values. For instance, with an air
conditioner, which is controlled by a fuzzy logic micro control system the
surrounding air can be controlled in comfortable situations. While the climate
system can adjust the medium temperature at the same time, it can adjust
humidity, fan speed etc... to provide the most comfortable condition.

Due to fact that the many advantages of the fuzzy logical system, in
architectural conservation this model has been selected. Especially in the case of
more than one data input fuzzy system, it is best to evaluate and to reach the
most trustworthy and correct outputs. Similar to uncertain circumstances,
authenticity has 5 components and it is difficult to make any decision relating to
the 5-component situation. For example, “If the material is authentic and form is
authentic, technique is not authentic, function is authentic and situation in a city
context is medium degree authentic; the building’s authenticity degree is very
authentic” can be said by experts. However, material authenticity is 0,45, form
authenticity is 0,32, technique is 0,69, function is 0,56, situation is 0,25 then the
building’s authenticity is how much? It is difficult to say anything directly
looking at those numbers. Using this model it is possible. (See Table 1 and
Figures 1 to 4)

These tables were sent to specialists who were asked to assess the degree of
authenticity according to the criteria in Table 1. Such an evaluation method of
fuzzy logic method corresponds with heuristic and expert opinion to the polls in
statistics. The fuzzy system does not poll as well as other statistical methods.
Expert opinion and the intuition of people is enough to create a logical database.
Similar studies in architecture use statistical evaluations and correlation
techniques which are less successful than fuzzy logic. Thus, a classical
methodologies goal is based on finding a relationship between models. Those
models which ignore some uncertainties are basically behavioural and dependent
on cases [1]. The results obtained with the fuzzy logic system models share a
tolerance to fault. According to this model created in the field of architectural
conservation, a working expert’s personal opinion and human error does not
affect the model and very accurate results can be obtained. For example, an
expert who thought the material was good has small deviations from the one who
thought “such a medium” in fuzzy logic as small inferences that constitute the
difference. With the logical rules that form the basis of a probability table some
entries may be eliminated unreasonably. For example, the input such as; “bad
material, poor workmanship, the changing form, the appropriate function, the
texture of the city preserved in place” was not true logically. Because, if there is
a loss in material, form and authenticity of craftsmanship it cannot be expected
to have not lost its original function. After all these limitations, the rest can be
determined as the total logical output number.

WIT Transactions on Ecology and The Environment, Vol 155, © 2012 WIT Press
www.witpress.com, ISSN 1743-3541 (on-line)



The Sustainable City VII, Vol. 2 1241

HELINCE st pagueyd S| s,3uip|ing
M3y A1an| May poo3|poos Asap pHuayIne|uay) pansasald pue anbiuayine pue sianbluyda) pue pansesaid sl wuoy pue  [euiSLO €1
Ay uo uonenyis uouny Aj2191dwod [ELI213W  [eILI0ISIY © |
Jo9au8aq
:8upjing 1513 sped
sl aInixa) “2uny [euisuo st S| s,8uip|ing
may Asan| may | winipaw | poos|pood Asap| o Adnuayine|uayy pue pue |euidioawos  sianbiuydey pue pansasaid siwloy pue [euiSiio 4
A uo uonenys o1Jeliwe)  uonduny [elU213W  [EILIOISIY B |
JUELYECY] nq paiyipow
151%a sped
s1ainixa) “auny jeujsuo st S| s,8uiping
Moy Asan| may | wnipaw | poos|poos8 Asap| jo Aipnusyine(usyy pansasaid pue pue |euidoawos  sianbiuydsy pue panesald siwloy pue [euidio 1T
Ay uo uonenyis o} Jeljiue)  uopdUN [ELI213W  [eILI0ISIY B J|
092183 g paiyipow
1s1x@ sped
S| aInixa} auny [euiduo sl sl s,3uipjinq
May Asan| may poo3|poo3 Asap| [RMICIRLEVET pue pue sianbjuyday pue pansesaid siwloy pue  [euliio 01
Ay uo uonenyis WoJj JuaJaYIp  uonduny [ELI213W  [eILIOISIY € |
JLEEIEE] 1nq palyipow
:8uping 1513 sped
HELINC “2uny [euiSuo st S| s,3uip|ing
may Asan| may | wnipaw | pooS|pood Aiap| jo Adnusyineluayy pansasald pue pue |euidoawos  sianbiuydey pue pansasaid siwloy pue [euiSiio 6
Ayo uo uonenyis WOy Jualayip - uonouny [ELI913W  [EJLIOISIY B |
JUELY:CY| nq paiyipow
uip|ing 15Ix3 syed
sl ainixa) st S| s,8uipjing
M3y Asan| may | wnipaw 10 Apnuayine|uayy pue  biuayine pue [euiSlioawos  sianbiuydal pue pansasaid Si oy pue  [eurSiio 8
Ay uo uonenyis uopouny [elU213W  [EILIOISIY B 4|
092183 g paiipow
151X sued
s1aInixa) st S| s,8uip|ing
M3y AJan| may | winipaw uay) panasald pue  bnusyine pue sianbjuyoay pue pansesaid siwioy pue  [euliio A
Ay uo uonenyis uouNy [eLI313W  [eILIOISIY B |
nq palipow
nq
S| ainixa} auny [euiduo sl sl s,3uipjing
M3y A1an| may | wnipaw 10 Aynuayine|uayy pue pue  anbiuayine  sianbiuyda) pue pansasaid S| wuoy pue  [eulSlo 9
Ao uo uonenyis ol Jelwe)  uopdUN [ELI213W  [eILI0ISIY € |
Jo9a.8aq
sl aInixa} “2uny [eujsuo st S| s,3uip|ing
May Asan| may | wnipaw 0 Aypnuayine(uayy pansasaid pue pue  anbiuayine  sianbiuysa) pue pansssaid sl wioy pue  [eulSo S
Ayo uo uonenyis o)Jeljiwe)  uonduUNy [ELI913W  [EILIOISIY B |
Jo 9au8aq
s1 aInixa) “2uny [euisuo st S| s,8uipjing
may Asan| may | wnipaw | poos|pood Asap uayy pue pue  anbpusyine sianbjuyosy pue pansasaid S| wioy pue  [euiglo v
Ay uo uonenys WoJy Jualayip  uopauny [eLU213W  [EILIOISIY B 4|
JLEEVEE]
:8uiping
S| aInixa} auny [euiduo sl sl s,3uipjinq
may Asan| maj | wnipaw | pood|poos Asap| jo Adnusyine(usyy pansasald pue pue  anbnuayine sianbjuyoay pue panesaid siwioy pue [euldio [3
Ao uo uonenyis WoJJ JUBJaYIP  uoduNy [eLI313W  [eILI0ISIY B |
Jo9aiaq
:8uipjing
HELIVCE st s| s,3uip|ing
May Asan| may | wnipaw | poos|poos Aiap|  Jo Ainuayine|uayy pue anbnuayine pue  anbiuayine  sianbiuysa) pue pansasaid s wuoy pue  [eulSio H
Ayo uo uonenyis uonouny [ELI913W  [EJLIOISIY B |
Jo 9a.8aq
may Asan| may | wnipaw | pood|poos A3, ua anasa.d 513403 ue anbpuayine * ue  anbpuayine sianbjuyoay pue pansasaid siwioy pue  [eulglo ! sBulpiing
4 § | wnp poosip A 1030185 o P A uo uonenys P Hus uopouny P Hus 1onDIugsY pue p Hio) pue | [elU213W  [EILIOISIY B 4| E

ALDILNIHLNY 40 NOILYNTVA

(3¥NLX3L ALID NO NOILYNLIS ‘NOLLINNA ‘INDINHIIL ‘WHO4 “IVI¥3LIIN) SLNINOAINOD ALIDILNILHNY 40 NOILYNLIS

‘SJUQIOlE)S SOl [e0130] Jo sojdwexs owog

1191981

ine)

.com, ISSN 1743-3541 (on-1

WIT Transactions on Ecology and The Environment, Vol 155, © 2012 WIT Press
WWWw.witpress

&



1242 The Sustainable City VII, Vol. 2

& ot points:
FIS Variables Mesmbership function piots plot poi 181

L T T T T T T 1
non, ufhentic mediaval authgntic

v T I 1 1 1 1
XX 0 0 0z 03 04 05 0.8 o 08 08
input variabke “metarial”

Current Variable Current Membership Function (click on MF to select)

Name metarial Name |authentic

Type input Type trimf =

Params [05115]
Range [E)]

Display Range [01] Help I Close

Figure 4: Degree of membership graphic by Matlab [12].

In this way, the degree of membership for other inputs is determined by the
same results. By this way, the degree of membership defined between 0 and 1
and the membership degree sub cluster.
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Figure 5:  Results of authenticity evaluation using fuzzy logic sets via

Matlab2010b [12].

These groups form the fuzzy groups and defined as blur. After this phase to
find out clear output we go on with the “defuzzification” operations. According
to the type of implementation and required results different defuzzification
methods can be selected. Here, the principle of the largest membership,
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Mamdani method, centroid method, weighted average basis, the average of the
largest membership, totals, center, the largest space center, the biggest, first or
last degree of membership of the methods, such as the “Mamdani Method” is
done by selecting the defuzzification process (Figure 2). Such kind of
defuzzification and inference with the model established in this way with the
computer program MATLAB as the digitized in desired range (0-100 or 0-10,
etc.) to obtain results.

The classical logic approach which only defines architectural heritage
“authentic or not” trivializes historic buildings. Today, the rating of historical
building is a necessity for the authenticity of both the material and form,
technical, functional and urban fabric needs to be fully protected. We may clarify
that defining a historic building or site with verbal expressions such as less
authentic, very authentic, very little authentic expression, we may use numerical
expressions of how much is the percentage and have a deeper understanding with
fuzzy logic.

4 Conclusion

The “authenticity rating model” is a methodology that can be used in the field of
architecture conservation. This model provides an “authenticity test” which will
help to label the buildings with an authenticity certificate. This certification
process will help central decision making for authenticity levels of the buildings.
For example, determination of conservation principals for the buildings between
80% and 90% authenticity. Also, during the documentation of the existing
buildings, the tool will help the expert to take accurate decision-making. This
will also provide a shorter process for bureaucracy.

Today, in many parts of the world, it is hard to make decisions because of the
solid framework in the field of architectural conservation. This study analyses
the potential use of fuzzy logic with a better understanding of the principles of
general application problems and the proposed method may contribute to the
solution to problems in the field of architectural conservation.
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