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Abstract

When the architectural design is handled based on process and product, we see
that many parameters come into play at the point of decision making. Especially
as the design problem gets complicated, the value parameters increase so much.
Producing solutions to these complex problems only with personal judgments
does not yield very productive results in the accuracy of the results. Decision sup-
port systems with effective use are needed to select solution suggestions in the
design process, at the point of converting personal judgments into real data. For
this purpose, a structured decision support method on the fuzzy AHP approach
for design evaluation is presented, and a web-based interface is introduced that
increases the usability of the method in practice. The interface has been developed
based on ASP.Net platform as a web-based evaluation software that allows the
participation of many evaluators independent of time and space. The effective-
ness and advantages of the developed software are discussed in evaluating the de-
signs obtained in an architectural design studio environment. The software called
DDSS (Design Decision Support Software) has shown that it can be applied more
effectively in multi-criteria decision-making problems by eliminating the synthe-
sis processes and providing the opportunity to reach faster results. Consequent-
ly, when the decision support method presented is used through the developed
software, it is seen that more conscious and objective evaluations can be made
about the designs in the decision steps in the architectural design process, which
has a complex and contradictory structure intertwined with abstract concepts as
characters.
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1. Introduction

Decision making is one of the most
important functions of the human be-
ing by nature. In general, after learning
about options or alternatives, it can be
defined as the process of choosing the
most appropriate option for the out-
come we want to achieve.

Undoubtedly, people of all ages
have to make decisions in the face of
situations or events. Decision making,
which is an indispensable phenomenon
of our lives, is a necessity as well as a re-
quirement. When the decision-making
phenomenon is considered as meth-
od-oriented in architecture, the fact
that design objectives and criteria can
change even in the process of design,
the uncertainty of the solution path in
the development of solution alterna-
tives and subjective decisions increase
the importance of decision-making
methods in the selection of solution
proposals.

At this point, decision support sys-
tems, which were firstly used in man-
agement sciences and then applied in
other engineering disciplines and ar-
chitecture, emerged with the increas-
ingly complex structure of knowledge,
the need for information management,
the need for coordination between dif-
ferent types of information, and the
search for a system to support the de-
signer. These methods, which are based
on artificial intelligence studies, have
been widely used in recent years espe-
cially in engineering and management
areas by combining with many differ-
ent tools and techniques in the solution
of complex, unstructured or multi-cri-
teria problems (Manupati, Ramkumar,
and Samanta, 2018).

Considering the design practice, de-
sign, which is an intellectual action we
encounter in almost every area of our
lives; In general terms, it can be de-
scribed as an interactive problem-solv-
ing process consisting of different de-
cision-making steps to reach specific
goals.

However, in the literature review, it
is understood that the decision support
methods that can enable decision steps
in the architectural design process
with systematically and which can be
used in these steps and will be able to
make decisions according to the cur-

rent conditions and problems in the
design process has not been handled
sufficiently in terms of decision steps
in the architectural design process by
being limited to the choice of material
or location.

In the study, which is performed
by Palabiyik and Colakoglu (2012), to
carry out the systematic methods of
decision making in the design process,
a method has been developed to help
decision making and the potentials of
this method in terms of evaluating the
alternatives in the design process and
final products have been investigated.

When the advantages, disadvantag-
es and prospective recommendations
of the study are evaluated, developed
fuzzy multi-criteria decision-making
method is seen to provide a rational
structure of decision-making, help
make more informed and objective
decisions about the evaluated designs,
make it possible to make collective
decisions by including more than one
person in the evaluation and provide
feedback by revealing the positive and
negative aspects related to the designs
in the assessments to be made during
the design process.

Conversely, the fact that data syn-
thesis activities are carried out through
Microsoft Excel program in the assist-
ed decision-making method brings
some disadvantages. The fact that this
process, especially the data synthesis
step involves a large number of repet-
itive mathematical operations, leads to
application difficulties in both formu-
lation and coding and data entry pro-
cesses. This causes a limited number
of users to use the method and com-
promises data security in the event of
a system failure in the computer where
the working data is stored.

In this study, a decision support
method based on the fuzzy AHP ap-
proach to design evaluation and a
web-based interface that increases the
application potential of this method in
the architectural design process is pre-
sented. The interface has been devel-
oped based on ASP.Net platform as a
web-based evaluation software that al-
lows the participation of many evalua-
tors independent of time and space. In
the development of the software called
DDSS (Design Decision Support Soft-
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ware), the C # programming language
in the middle-level language group was
preferred, and the effectiveness and
advantages of the method presented in
the study together with the developed
software were discussed in the process
of evaluating the designs obtained in
an architectural design studio environ-
ment.

In this context, the study is orga-
nized as follows. Chapter 2 is struc-
tured in two stages; In the first stage,
the concept of design and decision
making in the architectural design pro-
cess, in the second stage, the decision
support method AHP, Fuzzy Logic
and Fuzzy AHP theories, and Chang’s
Order Analysis Method are given with
the basic features. In Chapter 3, the
use and effectiveness of the method
with the developed web-based soft-
ware are discussed during a case study.
In Chapter 4, evaluations are made on
the developed DDSS software, and re-
sults and forward-looking suggestions
are presented over the potentials of use
with the method presented.

2. Background and preliminary
2.1. Concept of design

Design, which is handled and eval-
uated with different aspects in many
fields, is research and problem-solving
process that generally works within
constraints. The goal of this process
is to find and offer sustainable and
creative solutions that meet the needs
specified in the problem description
(Giaccardi and Fischer, 2008). Design,
a sophisticated cognitive action, be-
gins by generating an abstract idea in
architecture and continues with the
transformation of this idea into con-
crete spatial formations. This idea that
triggered the start of creative design;
Alexander (1964) defines it as “image”,
Darke (1979) as “primary generator’,
Rowe (1987) as “organizing principle”
and Lawson (1997) as “concept”. In this
context, architectural design can be
defined as the process of creating solu-
tions synthesized in the form of a built
environment that starts with a creative
idea and meets both practical and im-
pressive requirements according to
existing constraints and resources in
a utilitarian and aesthetic manner. In
the architectural design process, which
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consists of multiple sub-processes,
where different solutions are developed
at different times, the creation-eval-
uation-selection cycles are repeated
continuously throughout the entire
process to produce design solutions
(Roozenburg and Cross, 1991). In this
process, which has a hierarchical struc-
ture, the relative weight given to each
of the quality features of architectural
design, such as;

o its suitability for use and adaptabili-
ty to private/specific activities,

o its durability and permanence,

o and the aesthetic aspect achieved
by its form can vary greatly (Acker-
man, 2013).

Today, the market that requires spe-
cialized design solutions according to
customer demands has been diversified
and divided into sections. In this envi-
ronment, architectural designs, whose
complexity has increased exponen-
tially due to socio-economic changes,
environmental and energy problems,
should also increase customer satis-
faction by meeting individual needs.
For this reason, it is essential to opti-
mize the architectural design process
according to many different (some-
times contradictory) requirements and
constraints and to choose the solution
from the various alternatives produced.
At this stage, most designers highlight
intuition and experience that may not
be sufficient;

o when the desired design solution
cannot be found easily,

« when the cost of failure is extremely
high,

o when the design task is extremely
complex, or

« when multiple stakeholders are in-
volved in the design for the design
(Darke, 1979).

At this point, Cross (2000) states
that traditional design methods are not
suitable for many design projects due
to complexity, high probability of error
and lack of tools for teamwork.

Therefore, especially in the concep-
tual design phase of the architectural
design process; More rational and sys-
tematic approaches are needed to make
decisions that have primary and com-
prehensive effects on representation,
performance and costs (American In-
stitute of Architects, 2007; Cross 2000).
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Although several systematic ap-
proaches have been proposed in the lit-
erature to organize, guide and facilitate
the architectural design process (Simon
and Hu, 2017), it seems that the appli-
cations of the systematic methods de-
veloped for decision support are quite
limited in architectural practice. This
situation may be related to the fact that
the methods that help decision making
developed in the field of architectural
design dominated by individual pro-
cesses and subjective evaluations are
not as successful in evaluating qualita-
tive data as in evaluating quantitative
data (Palabiyik and Colakoglu, 2012).

2.2. Decision making in architectural
design process

Most studies on the architectural
design process show that at this stage,
designers often use their knowledge
and past experience by using traditional
methods to formulate an obvious prob-
lem and support an alternative solu-
tion based on it (Darke 1979). Gregory
(1966) defines architectural design as a
process that includes thinking and de-
cision making activities. According to
him, the thinking phase that forms the
basis of the design; the process in which
many criteria are considered separately,
and the decision-making phase; It refers
to the process in which ideas are com-
piled, refined and made concrete.

In an architectural design structured
according to the traditional understand-
ing, decision making and implemen-
tation are learned with a project-based
“studio” approach. In this process,
where designers explore design alterna-
tives and results with activities related
to sketching, modelling and discussion,
learning and decision making based on
visual analogies is an indispensable tool
for designers and architects (Simon and
Hu, 2017).

In general, while developing alterna-
tive solutions in the architectural design
process; decisions are handled at differ-
ent levels under different scenario types.
In this context, high-level decisions are
made; Includes scenarios such as team
organization, product cost, business
breakdown and suppliers. A mid-level
decision includes such issues as design
requirements, material selection, sub-
systems and components, and the man-

ufacturing and manufacturing process.
At alow level, a designer can determine
the design goals, forms, dimensions, etc.
of individual components (Zhuang, Hu,
and Mousapour, 2017).

Accurately assessing the deci-
sion-making process influenced by a
range of conditions and contexts that
can be controlled (such as the business
context) and uncontrollable (such as
market, financial requirements, and
user preferences) is essential in deter-
mining the levels and long-term effects
of design decisions. Because decisions
with long-term effects are often irre-
versible after implementation. This sit-
uation requires the necessity to consis-
tently justify the decisions taken during
the early design phase, especially in the
context of architectural design. Oth-
erwise, severe environmental damage
may occur. Therefore, it is significant
for the decision-maker in the process to
seriously analyze the meaning and im-
pact of the alternatives before reaching a
decision (Zhuang, Hu, and Mousapour,
2017).

It has been developed in recent years
to assist designers in the decision-mak-
ing process; Various methods such as
decision matrix (Shafer, 1976), decision
tree (Shamim, Hussein, and Shaikh,
2010), quality function deployment
(Akao, Mazur and King, 1990) are
widely used. These methods are usual-
ly ad hoc structured and comparatively
largely subjective judgment or designer
intuition. Besides, methods such as util-
ity theory and game theory, which are
examined in research on feasibility and
feasibility in the fields of management
science and economics, are also used
to support decision making in design,
primarily in engineering and product
design (Simon and Hu, 2017).

In this context, although deci-
sion-making has been extensively stud-
ied in engineering design where scope
and risk are well defined, it has not been
extensively studied in the architectural
design process where more uncertainty
and risk are involved (Simon and Hu,
2017). This situation is related to the de-
cision making stages in the architectural
design process, besides quantitative val-
ues, qualitative values that contain sub-
jective judgments due to human evalua-
tions (Lawson, 1997).
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The basic understanding adopted in
this study is to examine the architec-
tural design problems as a multi-cri-
teria decision-making problem by
considering the qualitative and quan-
titative criteria in the decision-making
process. With this aspect, it is aimed
to introduce a practical approach in
expressing uncertainties, which allows
to work with multiple criteria with dif-
ferent features and to compare alterna-
tives with each other with the decision
support method presented within the
scope of the study.

In this context, due to its potential in
decision making and its effectiveness in
expressing subjective judgments in the
architectural design process, the deci-
sion support method presented within
the scope of the study is structured on
the fuzzy AHP theory, which is used
extensively in the fields of management
sciences and engineering, where fuzzy
logic and AHP are used together. Tech-
nical information about AHP, Fuzzy
Logic and Fuzzy AHP is given in the
following section.

2.3. AHP method

AHP is a multi-criteria deci-
sion-making method developed by
Thomas Satty in the 1970s, making it
possible to make decisions individ-
ually and as a group, while choosing
among many alternatives under cer-
tainty or uncertainty. The main idea
of AHP is to divide a complex and
unstructured decision problem into
a series of multi-level hierarchical-
ly arranged components to minimize
complexity (Saaty, 1980). Measuring
subjective decisions of decision-mak-
ers by assigning corresponding nu-
merical values according to the im-
portance of the factors considered
is an essential feature of AHP (Saaty,
1994a). Because it is straightforward
to understand and involves simple
mathematical calculations, AHP has
attracted considerable attention in the
analysis of various decisions regarding
complex, technological, economic and
socio-political problems and has been
applied successfully in many areas
including marketing, finance, educa-
tion, public policy, economics, medi-
cine, sports, informatics (Saaty, 1990;
1994a; 1994b).
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Saaty (1990) states that perhaps the
most creative task in making a deci-
sion is to choose the factors that are
important for this decision problem.
After selecting these factors in the An-
alytical Hierarchy Process, the process
takes place in five main stages: the de-
velopment of a hierarchy tree, which
is a graphical representation of the
decision problem, descending from a
general target to the criteria, sub-cri-
teria and alternatives consecutively,
the development of binary compari-
son matrices, taking relative priorities,
checking consistency and obtaining
the general priority of decision alter-
natives.

Saaty (2001) listed the ten advantag-
es of AHP, which is a decision-making
method, as unity, complexity, interde-
pendence, hierarchy structure, mea-
surement, consistency, judgment and
consensus, synthesis, imbalances and
process repetition. However, the fact
that the 9th scale used in binary com-
parisons in this method is insufficient
in explaining the uncertainties can
significantly affect the decisions to be
made. It is seen that AHP is used in
conjunction with Fuzzy Logic to better
reflect the way of human thinking by
expressing uncertainties and thus cre-
ating more appropriate and consistent
decisions (Brunelli, 2015).

2.4. Fuzzy logic theory

Lotfi A. Zadeh with his article
“Fuzzy Sets” published in 1965, by in-
troducing the concept of fuzzy sets to
the world of science; it brought a com-
pletely new perspective to systems,
logic and reasoning models (Zadeh,
1965; 1968).

Unlike traditional logic systems,
fuzzy logic aims to present an approx-
imate model rather than precise rea-
soning (Bellman and Zadeh, 1977).
Fuzzy logic in which the concept of
degree is introduced in the verifica-
tion of a condition and the definition
of the condition at an intermediate
value between true or false provides
precious flexibility for logic. Thus, it
is possible to take into account the
mistakes and uncertainties, and with
fuzzy logic, inference systems closer
to human behaviour can be created
(Zadeh, 1984).
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Fuzzy logic is based on the mathe-
matical theory of fuzzy sets, which is
the generalization of classical set the-
ory. The fuzzy set is an object class
whose membership degrees are con-
tinuous. Such a cluster is characterized
by a membership (characteristic) func-
tion that assigns a degree of member-
ship ranging from zero to one for each
object (Zadeh, 1965).

In classical set theory, the elements of
the universe are defined in two groups,
those that belong to an M set and those
that do not. The elements belonging to
the cluster are assigned “17, and those
who do not belong to “0” are assigned
to explain whether they are members
of the M cluster or not. In the fuzzy set
approach, there is no precise classifi-
cation as members or non-members,
and the elements of the set are defined
by membership functions. These func-
tions assign real values to the elements
in the interval [0,1]. These real values
show how suitable the elements are to
the concept represented by the fuzzy
set M (Palabiyik and Colakoglu, 2012).

Fuzzy logic systems structured on
fuzzy logic and fuzzy sets theory are
rule-based systems used to solve dif-
ferent types of problems in economics,
linguistics, law, artificial intelligence
and other human-centred application
areas (Herrera, 2005; Zadeh, 1965).
The processing of input and output
data in the fuzzy logic system is per-
formed in three stages, as shown in fig-
ure 1: These stages are as follows:

1. Fuzzification: In the fuzzification
stage, membership functions are de-
fined for both input and output vari-
ables to transform the data input re-
ceived from the user into meaningful
linguistic data with fuzzy components
in varying degrees.

2. Fuzzy Inference: At this stage,
fuzzy control rules are applied with a
series of IF-THEN conditions to orga-
nize meaningful input-output relation-
ships and obtain linguistic outputs.

3. Defuzzification: In the defuzzi-
fication phase, linguistic outputs are
converted into numerical outputs by
specific calculation methods (Naz and
Nadin, 2018).

Fuzzy logic came to the fore in ex-
plaining the relationship between real
life and logic and has been able to pro-
duce more realistic solutions to many
problems.

2.5. Fuzzy AHP method

Fuzzy AHP, which results from the
combination of fuzzy logic and AHP
method, is based on fuzzy set theory,
which uses fuzzy numbers in the in-
puts of binary comparison matrices
put forward by Zadeh (1965) (Table 1).

The first study on fuzzy AHP was
conducted by Laarhoven and Pedrytcz
(1983), which compared fuzzy rates
expressed with fuzzy triangular num-
bers. In 1985, Buckley developed a new
model by identifying fuzzy priorities
of binary comparisons through trap-
ezoidal membership functions. Later
in 1996, Chang introduced a new ap-
proach using fuzzy triangular num-
bers for the binary comparison scale of
fuzzy AHP and using the extent anal-
ysis method for the synthetic grade
values of these binary comparisons.
In this study, Chang’s “Extent Analysis
Method”, which is similar to the clas-
sical AHP method and easier to apply
than other methods, is used.

It is seen that the fuzzy AHP method
is used in many different areas of de-
cision making. Bozbura, Beskese, and
Kahraman (2007) proposed the fuzzy

FUZZY
USER RULES CRISP
INPUT Fuzzifier Defuzzifier OUTPUT
Y
Inference

Fuzzy input sets

Fuzzy output sets

(membership
functions

(membership
functions

Figure 1. Conceptual scheme of a fuzzy logic system.
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Table 1. Triangular fuzzy transformation scale.
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Linguistic Variables

Triangular Fuzzy Values

Triangular Fuzzy
Corresponding Values

Equally important
Intermediate value
Moderately important
Intermediate value
Strongly important
Intermediate value
Extremely important
Intermediate value
Definitely more important

A, 1.1
(1,2, 4
(1,3,5
2, 4,6
7
8
9

(7,9, 11)

(1.1, 1)
(174, 112, 1/1)
(1/5, 113, 1/1)
(176, 1/4, 1/2)
(177, 115, 1/3)

)

)

T — = = =

(3.5,

(4, 6, (1/8, 1/6, 1/4
(5,7, (119, 1/7, 1/5
(6, 8, 10) (1/10, 1/8, 1/6)

(1111, 119, 1/7)

AHP method to improve the quality
of the “human capital” measurement
indicators in priority. Pan (2008) used
the Fuzzy AHP method to select the
appropriate bridge construction meth-
od. Sun (2010) developed a perfor-
mance evaluation model by integrating
fuzzy AHP and fuzzy TOPSIS meth-
ods. Taylan et al. (2014) conducted a
study on the comments about “selec-
tion of construction projects and risk
assessment with Fuzzy AHP and Fuzzy
TOPSIS methodologies” Chen, Hsieh
and Do (2015) performed a study on
evaluating fuzzy AHP-based teaching
performance and a comprehensive as-
sessment approach. Toklu, Erdem, and
Taskin (2016) proposed a fuzzy model
for strategic planning in production
companies. Li et al. (2017) proposed a
mixed approach based on fuzzy AHP
and fuzzy linguistic method for the
evaluation of in-flight service quality.
Awasthi, Govindan and Gold (2018)
used a fuzzy AHP-VIKOR-based ap-
proach to multilayer sustainable glob-
al supplier selection. Harputlugil et
al. (2014) conducted a study that fo-
cused on conveying the preferences
of stakeholders to the design team in
the architectural design stages in order
to increase the architectural design
quality. However, there are a limited
number of studies in the literature that
try to combine the fuzzy AHP meth-
od with computer systems. The study
developed by Cakir and Canbolat
(2008) developed a web-based deci-
sion support system for multi-criteria
inventory classification using fuzzy
AHP methodology and the survey by
Armillotta (2008) uses adaptive AHP
decision model for the selection of
layered production techniques can be
given as examples of the few studies
conducted in this field.

In this study; With the fuzzy AHP-
based decision support software devel-
oped, it is aimed to contribute to the
development of alternative designs by
making the evaluations in the decision
steps based on product and process in a
more effective and faster manner in ar-
chitectural design. In this direction, the
mathematical process related to fuzzy
AHP method, which is the Chang’s Ex-
tent Analysis Method, which forms the
infrastructure of the software, is given
in the continuation of the section.

2.6. Chang’s fuzzy AHP method
(Extent Analysis Method)

The Extent Analysis Method devel-
oped by Chang (1996) aims to achieve
the significance of the criteria and the
performance of the alternatives ac-
cording to each criterion by solving
blurred reciprocal binary comparison
matrices as the main idea. This ap-
proach can be addressed in 4 stages.
The application of the method, to-
gether with these steps, is described
below.

Stage 1: Fuzzy synthetic value analy-
sis. The primary purpose of this anal-
ysis is to determine the significance
of the criteria and alternative per-
formances by solving blurred binary
comparison matrices.

IfA={a,asy......... , an} is the ob-
ject set and U = {u, uz, .......... , Un}
is accepted as the objective set, each
object is taken, and synthetic perfor-
mance analysis is performed for each
purpose. Thus, m synthetic (expan-
sion) analysis values for each object
are obtained as follows (Palabiyik and
Colakoglu, 2012; Paksoy, Yapict Peh-
livan and Ozceylan, 2013).

Mgil, Mgiz, Mgim, 1=1, 2, 3, .1 (1)

Developing a web based software for the evaluation of architectural designs



372

Here, Mgij, (j=1, 2, 3, ... m) are each
fuzzy triangular numbers and the fuzzy
synthetic magnitude value for i object
is found by the following equation.

-1

m n m
S=y Mo |Y > u @)
Jj=1 i=1j=1

The Mg/ specified indicates the per-
formance of the ai object for the ui pur-
pose.

Stage 2: Comparison of fuzzy synthet-
ic values. If a fuzzy binary comparison
matrix is determined, the principle
of comparing fuzzy numbers for the
weigheq2t vector values under each
criterion is needed.

The probability of M, > M, can be
defined as follows.

V(SMy = SMy) = sup[min( uy, O, 1w, )] (3)

x2y

If a pair (x,y) is given, if y > x and
‘UMI(X) = pth(y) =1;

since the fuzzy numbers M, = (I;, m;,
u1) and Ma = (I, m», u2) are convex, V
M =M,) =1.

VM, 2 M) =1  ifml = m2,

@)
V (M, = M,) = hgt(M; N M,) = pp1(d)

In the above equation, d is the ordi-
nate of D the highest intersection be-
tween pvi and pne.

If M, = (lz, mi, M]) and M, = (lz, mo,
uz), the ordinate of D can be obtained
from the following equation.

V (M, = M,;) = hgt(M; N M,)
(5)

L—w

(my;— uy) — (my — 1y)

To compare M, and M,, V(M,>M,)
and V(M.=M,) values are required
(Figure 2) (Chang, 1996).

Degree of
A membership

V(M= M)

0

H >
>
h m L du m 1 t

Figure 2. Comparison of synthetic values.

Stage 3: Calculation of weight perfor-
mances. The probability that a convex
fuzzy number is greater than k the con-
vex fuzzy number M; (i=1,2,...,k) can
be defined as follows:

V(M = My, M,, ..., M) (6)

=V[(M>=M;)ve (M =M,)ve..ve (M =M,
=min V(M= M,)),i=12..k )

If, d'(A;) = minV (§; = Sy)

k=12,...n k # iis assumed, the
non-normalized weight vector can be
specified as in Equation 2.19.

W = (d'(A).d'(A,) .. d'(A)T @)

In this equation, A, (i=1,2,...,n) re-
fers to n elements.

Stage 4: Normalization. Weight vec-
tors (W) obtained by normalization
can be expressed as follows.

The W value in this equation is a
non-fuzzy number (Chang, 1996).

W= (d(A).d(Ay) ..d(A)T @

Manually editing and controlling the
mathematical operations given above
causes application difficulties in terms
of fast and eflicient use of the method.
With the DDSS web-based evaluation
software developed within the scope of
the study, it is aimed to use the meth-
od more efficiently by ensuring that the
data synthesis activities involving all
these mathematical operations are car-
ried out automatically by hiding from
the user (Figure 3). In the following
section, the general features of the de-
veloped software and the application of
the decision support method over the
software are discussed with the process
of evaluating the designs obtained in
an architectural design studio environ-
ment.

3. General editing of decision
support method

The application of the method
through the developed DDSS software
is discussed in two main stages as anal-
ysis and synthesis. The first analysis
phase takes place in 4 steps:

Step 1: Establishing the hierarchical
organization by defining evaluation
criteria,

ITU A|Z « Vol 18 No 2 » July 2021 « S. Palabiyik, E. Alkilinc



i
! ‘ Literature review

ey

L5 1

'T% i Creation of the theoretical

= i structure
s e s

‘ Determination of the criteria

+

DDSS software

Introducing the new workto e i

!

Entering the criteria

hierarchically into the system i -

!

Evaluation of the assessors'
opinions about the criteria and -
alternatives by filling in the
binary comparison matrices

______________‘l,.___________________________________________________________.

Calculation of priority weight h
values of criteria =

!

Calculation of weighted
performance values of "
alternatives

User actions

System actions

———————— oo ——————_ EvaluationPhase - —————— -

- = mwmm = SYNCNESIS STAEE == === m == e e e e ANAIYS]S SRR = = m

5w Selecting the most suitable
% % | architectural project design for
A=

i

i

the criteria

___________________________________

Figure 3. Stages of the methodology used.

Step 2: Introduce the new study to
the system via DDSS software,

Step 3, entering the evaluation cri-
teria of the new study into the system,

Step 4: The evaluators enter data into
the system through DDSS software,
which expresses their thoughts and
values about the evaluation criteria and
alternative designs that are evaluated.

The synthesis stage, which is the
second stage, is carried out in 2 steps
consisting of determining the weight
vectors expressing the relative impor-
tance of each evaluation criteria, calcu-
lation of weighted performance values
of each alternative according to deter-

mined criteria by creating the result
performance matrix. The three steps
mentioned at this stage are carried
out by the developed software without
any action. Following these processes
in the background of the software, the
last step is that the administrator can
view and evaluate the result data of the
evaluation criteria and alternative de-
signs.

The general process algorithm relat-
ed to the steps performed with DDSS
software, which is envisaged to be used
more effectively by the process, espe-
cially in the synthesis stage, is given in
Figure 4.
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Figure 4. Introduction to the system and process algorithm.

The general infrastructure of the
software and the processes that must be
done on the software are discussed in
detail in the rest of the section during
the evaluation of the designs obtained
in an architectural design studio envi-
ronment.

3.1. Theoretical background of
DDSS software

The developed software is web-
based due to the advantages of being
accessible by different people at differ-
ent places and times. In the first stage
of the design of web-based software,
the web interface made with Adobe
Photoshop program was converted
to HTML (Hypertext Sign Language)
with Adobe Dreamviewer program,
and necessary CSS coding was done.
The generated HTML files were pro-
grammed with Microsoft Visual Studio
software, and .aspx pages were created.
Asp.Net infrastructure has been used
to create these dynamic web pages due
to its advantages, such as ease of use
and management. The programming
language is C #, which works in com-
pliance with Asp.Net platform, offers
ease of use and works according to ob-
ject-oriented programming principles.

MsSQL database management system
was used to store the data to be used
in the study, and “SQL Server Manage-
ment Studio” program, which enables
access, configuration, management
and development of all components,
was used to manage MsSQL. In the
last stage, the files are prepared to be
published by providing the necessary
domain and hosting services to work
on the web.

3.2. Effectiveness of the method
with DDSS software: Field study

The functionality of the developed
DDSS software is still considered in
design studies of different content and
scales, both in the process and in the
context of evaluating the architectural
design alternatives obtained as final
products.

In this study, to test the application
of the method via DDSS software; in
the first year of the architectural de-
sign studio, where the students met
with the form, space and the principles
that guide them in the urban built en-
vironment, it was aimed to design the
houses where the functional require-
ments of the housing phenomenon
were solved with the physical environ-
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A.3. Eligibility for Near Environment B.3. Models
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Project 1 (EU)

Project 2 (GO)

Project 3 (HU)

Figure 5. Hierarchy of criteria used in selection of architectural project design.

ment data and the correct applications
to the structural problems. Among the
residential designs obtained at the end
of the process, three designs that were
considered to be more qualified than
the others were selected by the project
executives within the scope of the field
study to investigate the effectiveness of
the developed software.

3.2.1. Analysis phase of decision
support method

The evaluations of the selected de-
signs made by the project executives
using DDSS software are stated below
in 4 steps performed during the analysis
stage of the decision support method.

Step 1_ Determining the evaluation
criteria and forming a hierarchical or-
ganization: The process starts with the
determination of the evaluation criteria
related to the intended design subject.
Next, a hierarchical organization chart
showing the relationships between
the evaluation criteria determined is
formed. The criteria determined with-
in the scope of the field study and the
hierarchical decision tree created are
indicated in Figure 5.

Step 2_ Introducing the new study
to the system via DDSS software: After
defining the criteria, the main page of
the software is accessed via the web.
In the login screen that appears on the
main page, the verification process is
performed according to the user name
and password. The login screen offers
two different options for administra-
tors and users to log in to. By entering
the user name and password correctly
in the administrator login field, you are
logged in with full access to the admin-
istrator’s homepage. Via the homepage,

new studies can be created, criteria can
be added to the studies, values entered
by the evaluators can be controlled,
criteria and alternative results and data
from previous studies can be accessed.

During the introduction of the new
study, the required information is en-
tered into the system via the “new
study” page. Within the scope of the
field study, Architectural Design I -
Project Evaluation ” was introduced in
the study name field, and the number
of alternatives and evaluators was en-
tered as 3. When the evaluator and al-
ternative numbers of the study are writ-
ten, the areas in which the name and
password are registered in the specified
numbers are formed. The evaluators
can enter the system with the evaluator
password entered in these fields. If the
“publish” box is checked, the evaluators
can log in and see the work they will be
evaluating.

Step 3_ Entering the evaluation cri-
teria of the new study into the system:
After the new study is created, the pro-
cess to be performed is to enter the
determined criteria into the system in
hierarchical order. The specified crite-
ria are entered into the system from the
“add criteria” page. If criteria are added
without selecting anything in the crite-
ria group field, the main criteria (first
step) are formed (such as A, B, C). If
one of the main criteria is selected from
the first box of the criteria group field,
the entered criteria will be a sub-crite-
rion of the main criteria (second step).
For example, if A is selected as the first
criterion group, the criterion whose
information is entered will be A.l.
Similarly, if the main criterion and a
sub-criterion are chosen from the first
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Figure 6. Binary comparison chart of criteria.

and second boxes, the resulting crite-
rion will be the third step. When the
name, code (such as A, A.1, A.1.1) and
description of the criterion are entered
and saved, a hierarchical decision tree
of the criteria is formed at the bottom.
Within the scope of the field study, the
criteria were entered into the system ac-
cording to the hierarchy in figure 5. The
hierarchical organization chart can be
controlled to prevent errors in cascad-
ing criteria. When the criterion input is
completed, the comparison charts that
the evaluators will evaluate are created
by the system.

At the point of adding criteria in the
developed DDSS software, it is possible
to use the criteria of previous studies
in a new study by calling from the da-
tabase. Since the criteria of the studies
are kept by the system, a criterion li-
brary is formed, and the criterion base
can be created in similar studies thanks
to the feature of transferring criteria
from previous studies. If the criteria
will remain precisely the same, and
their weights can be used, the criterion
data of the previous study can be used
directly by copying the study instead of
adding the criteria.

Step 4_ Evaluators enter data into
the system via DDSS software, which
expresses their opinions and judgments
about the evaluation criteria and alter-
native designs that are evaluated: After
the new work is created by the admin-
istrator and the criteria are entered
into the system, users can access the
user interface by logging in to the sys-
tem with the user name and password
defined to them from the user login
page. Through this interface, users can
only make evaluations using the paired
comparison scales of the criterion eval-
uation and alternative evaluation pro-
cesses, respectively.

In the calculation of the priority
weight values of the criterion deter-
mined according to the expectations
about the intended architectural de-
sign, the evaluator first makes the
paired comparisons of all criteria on
the paired comparison tables accord-
ing to their own knowledge, experience
and value judgments (Figure 6). These
scales are formed by using the 9-com-
parison table (Table 1) bidirectionally
and using the verbal judgments used
in daily life and reflecting a certain
degree of superiority (certainly more
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important, very strongly important,
strongly important, moderately im-
portant, equally important). All eval-
uations are completed by ticking the
boxes corresponding to the severity of
the criteria on the right and left sides of
the comparison chart. In the compar-
ison chart, if a period exceeds the cri-
teria, short descriptions entered by the
administrator of that criterion can be
displayed. In case of incomplete com-
parison charts, the system notifies the
user and does not allow the data to be
saved until complete. After the evalua-
tion of all criteria, the evaluator presses
the “save” button, and the verbal data is
converted to digital form and saved in
the database. Within the scope of the
field study, all three evaluators made
evaluations on different computers and
at different times over the web.

3.2.2. Synthesis phase of decision
support method

Step 1_ Calculation of priority weight
values of the evaluation criteria: Af-
ter all, evaluators have completed the
data entry, in the synthesis stage of the
decision support method, the system
creates the priority weight values for

v

ﬁ/
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each criterion by making the neces-
sary calculations for the steps such as
conversion, blur, syntheticization, and
normalization by fuzzy AHP method
in the background.

Step 2_ Calculation of weighted per-
formance values of alternatives: This
process is very similar to the process
where the priority weight values of
each criterion are found. The most
significant difference in the process of
calculating the weighted performance
values of the alternatives is the dual
comparisons of alternatives according
to each criterion. In this process, af-
ter the evaluations are completed, the
necessary calculations are made, and
in the last stage, the importance of the
alternatives is multiplied by the weight
of the criteria they are compared and
weighted according to the importance
of the criteria. After determining the
weights of the individual alternatives
for all criteria, the overall weight of the
alternatives is calculated, and the eval-
uation process is completed.

The software algorithm that shows
how the processes in the synthesis
stage are performed in the background
of the system is given in Figure 7.
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TABLE

COMPARISON
SCHEDULE
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SAVE VALUES TO
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FINISH VALUES TO [¢— VALUES THROUGH |4 FUZZY VALUES
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Figure 7. System evaluation algorithm.
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Table 2. Weighted performance values of alternatives according to each criterion.

B.3.Models(0,28) |

B.2.Layout Layout and Graphic Design (0,28)

B.1.Architectural Drawing Technique (0,44)

B.Architectural Drawing Technigue and
Presentation (0,192)

A.3.Close Environment Relationship (0,164)

A.2.Functional Relations (0,631)

A.l.Aesthetic Values (0,205)

A.Architectural Features (0,808)

0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45

TTHU (0,29)

After users finish entering data, the
administrator can log back in and view
the results of the work. When the cri-
terion results and alternative results
pages are introduced, and the related
study is selected, the results of that
study can be displayed. If the admin-
istrator checks the evaluator data from
this page and detects an incorrect eval-
uation, he or she can delete the evalua-
tion data from this database. If there is
a change in the number of evaluators,
when the result page is re-displayed,
the results are updated according to the
existing evaluators.

In Table 2, the priority weight values
of each evaluation criteria determined
within the scope of the field study are
presented graphically. According to
the results of the evaluation carried out
by three project executives, criteria A
(conformity in terms of architectural
characteristics: 0,808) are considered
to be more critical in terms of evaluat-
ing the intended designs according to
criteria B (compliance to architectural
drawing technique and presentation
standards: 0,192). A similar assessment
can be made between the A2 criteri-
on (suitability in terms of functional

OGO (0,32)

DEU(0,39)

relationships: 0.631) and the Al (con-
formity to aesthetic values: 0.205) and
A3 criteria (close environment rela-
tionship: 0.164). On the other hand,
although there is not a big difference
between the weight values of the BI,
B2, and B3 criteria, the B1 criteria (ar-
chitectural drawing technique; 0.44)
are compared to B2 (layout and graph-
ic presentation: 0.28) and B3 criteria
(model: 0.28). According to the evalua-
tion of the designs considered to come
to the fore.

EU, GO and HU design alternatives
(Figure 8) were evaluated according
to each decision criterion within the
scope of decision support method and
evaluation results (EU = 0,39, GO =
0,32, HU = 0,29) were obtained. Ac-
cording to these results, EU design
which was developed under accepted
conditions, was found to be 39% more
successful than the other designs GO
and HU in the evaluation made by the
group executives. In other words, the
design with GO nickname is 32%, and
the design with HU nickname is 29%
successful compared to other alterna-
tives. In this case, it is determined that
the most appropriate design alterna-
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Figure 8. Design alternatives EU, GO, HU.

tive is EU nicknamed design. Table 2
shows the criteria that the three alter-
native designs evaluated were found to
be more successful.

4. Results and discussion

Today, with the developing techno-
logical, social, economic, political and
environmental factors, the design prob-
lem has become increasingly complex.
In particular, increasing material diver-
sity, production methods, production
systems, scientific and technological
advances force the designer to make de-

cisions with many economic, social and
environmental impacts that he cannot
predict in the design process. In this
process, only a certain number of data
can be consciously evaluated by a deci-
sion-making method that is not system-
atic and is based entirely on the knowl-
edge and experience of the evaluators.
At this point, it is essential to carry out
decision-making in the design process
by systematic methods and to develop
decision support methods that enable
decision making according to the con-
ditions and time in the design problem.
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In this study, a fuzzy multi-crite-
ria decision support method which
enables a better organization of the
design process with an analytical ap-
proach to the design problems en-
countered and subjective evaluations
within architecture as well as objec-
tive assessments to be made in de-
cision steps is presented. To use this
method effectively, a web-based com-
puter software called DDSS has been
developed. The effectiveness of the
developed software was discussed in
the process of evaluating the designs
obtained in an architectural design
studio environment.

The developed DDSS software gen-
erally increases the usability of the
method by the designers by hiding the
matrix operations needed for deter-
mining the synthetic values required
by the decision support method pre-
sented. The advantages it provides are
detailed below;

« In each new study, the reorganiza-
tion of the model is prevented, and
the necessary steps to achieve the
results are reduced.

+ By entering the evaluation data di-
rectly into the system by the evalu-
ators on the web, a secondary data
entry process is eliminated. Thus,
it enables the desired number of
evaluators to input data directly to
the model at the same time wher-
ever it has internet access.

o While the system can work on a
single computer in applications
made through Microsoft Excel
program, all users can enter data
from different computers at the
same time with the software run-
ning on the web and thus loss of
time is prevented.

« Since the system operates with the
same codes in each run, the margin
of error is reduced to a minimum.
This situation is seen as an essen-
tial advantage for achieving more
accurate results in evaluations.

o The software works like a standard
web site, providing users with an
easy to use without requiring ex-
pertise.

In addition to the advantages pro-
vided by the DDSS software, the iden-
tified disadvantages that need to be
developed are as follows:

« Since no evaluator pool is created
in the system, a new evaluator is
added in each run, and the system
fails if the passwords are the same.
Therefore, if the same evaluator
participates in different studies,
a different password must be de-
fined.

o Since it is assumed that there is
only one user as an administrator,
all work data can be accessed if
other people use the software, and
this creates a security vulnerabil-
ity.

In addition, in the implementa-
tion of the decision support method
through the developed DDSS soft-
ware, criteria and alternative num-
bers are issues that need to be taken
into consideration. As both the cri-
teria and the number of alternatives
increase in design evaluations, binary
comparisons for evaluators are ex-
hausting, and the method is no lon-
ger convenient.

As a result, with the developed
software, primarily by eliminating
the synthesis processes and provid-
ing faster results, it has been shown
that the method can be applied more
effectively in multi-criteria deci-
sion-making problems encountered
in the architectural design process.
Thus, it has been seen that with the
use of the decision support method,
evaluations can be placed in a ratio-
nal structure in the decision steps in
the architectural design process and
more conscious and objective assess-
ments can be made about the designs.

In future studies, if it is possible
to independently evaluate a single
alternative to the decision support
method supported by the DDSS soft-
ware developed; It is foreseen that it
can be integrated into systems such
as LEED, CASBEE, BREEAM, IISBE,
Greenstar where green buildings are
evaluated and certified, and even a
national-based green building evalu-
ation system which is integrated with
the decision support method can be
proposed. It is also thought that as-
sessing a single alternative will in-
crease the potential of the method to
be used in architectural design com-
petitions.
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