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ABSTRACT

For companies, it is of great importance to use their own resources in a way that causes
minimum cost. In particular, the variability in demand in manufacturing companies makes this
process more difficult. A good demand forecast companies save many costs such as overstock,
overtime, inability to meet demand. In making these estimations, both a trend created from
historical data and expert opinions are used. However, there is a need to develop a method to
determine which criteria to consider and how to use it in demand estimation. In this study
demand estimation made for a painting, will be sold in Turkey, As a result of market researches
for the type of paint to be sold, a product has been determined in the concept of healthy paint.
It is important to use the resources positively to determine how much new products will emerge
in the market due to both raw material differences from existing products and additional

marketing needs.

The relationship based on a cause and effect relation between a dependant quantitative variable
and one/or more independant quantitative variable is called regression, the mathematical
expression that shows this relationship is called regression model. Fuzzy regression is one of
the methods that can be used in solving the problems by providing facilities to consider both
quantitative and qualitative variables in decision making process. Fuzzy regression is an
alternative method which is used in some situations that are not suggested for classical
regression implementations such as; all/or some of the data being fuzzy due to the ambiguous
system structure or the system structure’s being unable to determine definite relations between

variables.

The attempt to associate and manage a multidimensional issue of paint sales only with price or
other paint sales can result in misleading results. Fuzzy regression model is one of the models
that can be used in the sale of paint where multiple quantitative and qualitative variables are the

factors. The most important reason for choosing fuzzy regression model instead of classical



regression model is insufficient data for new product. In cases where there is insufficient market
data, fuzzy regression gives better results than classical regression. In this application, the fuzzy
regression model was examined and used for demand estimation. However, using the fuzzy

regression model alone is not sufficient for accurate estimation.

The most important factor to determine the fuzzy regression model in the most efficient way is
the variables. It is critical to clarify which variables should be selected and which variables
should not be included in the model because the degree of dependence of the criteria with each
other is an important factor in the decision-making process. For this reason, the criteria which
are considered to be important in paint and paint sales were determined by experts. Two-stage
screening was performed to determine which of these criteria would be used in the fuzzy

regression model.

The first of this elimination was made by eliminating the hygiene factors determined by both
the consumer and the producer according to the market condition. Hygiene factors are
considered to be indispensable in the market regardless of the product or service sold. For
example, when buying a phone, it is not necessary to look at the feature of speech or messaging.
The characteristics that the consumer considers when making a decision are non-hygiene factors
such as cameras, processors. When viewed in the same way in the paint, it is a must-have for
breathing, wiping, odorless, high coverage, and having TSE certificate are the hygiene factors.
These criteria were removed from the evaluation and other factors that make a difference were
taken into consideration. The factors that are considered to affect the sale in practice have been
price, availability, healthy and environmentally friendly, application service, brand recognition,
color alternative, payment collection process, communication variety and economic situation

after the removal of hygiene factors.

All the criteria has not been used to determine the solution of fuzzy regression model and to
facilitate the process. In order to get the best results, the most important criteria should be
determined and included in the application. Therefore, the criteria to be used in fuzzy regression
model were determined by using The Decision Making Trial and Evaluation Laboratory

method. With this method, the factors affecting the paint sales and the interaction between the

viii



factors were determined and the factors to be taken as the basis for fuzzy regression were

determined.

The DEMATEL method is a method used to determine the affected and influencing factors in
a complex structure. Basically, this method aims to draw meaningful results by visualizing
complex cause and effect relationships. However, it is difficult to determine the degree of
interaction between factors in these relationships. This is due to the fact that it is quite difficult
to quantify the interaction between factors. Significant relationships between these factors need
to be established by experts to identify and influence the affected factors. After these relations
have been formed, it is necessary to make paired comparisons between the criteria. However,
it is difficult to determine the extent to which a factor influences another factor when making
this comparison. A integer scale has been proposed to overcome this challenge. According to
this scale, the effect of one factor on another factor is expressed as linguistic variable and is
expressed in five linguistic terms which are defined as too many, too, normal and very little.
With DEMATEL method, the level of influence of a criterion on others and the level of
relationship with others are determined. With this method, the relationship between each
criterion and other criteria is shown and the criteria that are more related to other criteria can
be determined.

Fuzzy regression model was applied by determining the criteria to be used in demand estimation
by DEMATEL method after the criteria which are hygiene factors were separated in practice.
Thus, it can be estimated how much new paint sales will be based on the status or the value of
the criteria. The results will enable the company to manage a number of important processes
more efficiently when evaluated by the manufacturer. It enables it to manage the factors such
as raw material inventory level, long-term production capacity plan, work schedule to be
performed on the supply chain side, and to manage the marketing expenses, campaigns and
important features that should be told on the marketing on the sales and marketing side. All this
information directs the company both to promote the product and to maximize customer

satisfaction.



OZET

Sirketler i¢in kendi kaynaklarini en az maliyete neden olacak bigimde kullanmak biiyiik onem
tasimaktadir. Ozellikle {iretim yapan sirketlerde taleplerdeki degiskenlik bu siireci
zorlastirmaktadar. Iyi bir talep tahmini sirketleri fazla stok, fazla mesai, yoka diisme gibi birgok
maliyetten kurtarmaktadir. Bu tahminleri yaparken de hem ge¢mis verilerden olusturulan bir
egilimden hem de uzman goriislerinden faydalanilmaktadir. Ancak hangi kritelerin dikkate
alinacagr ve nasil talep tahmininde kullanilacag: ile ilgili bir yontem gelistirme geregi
bulunmaktadir. Bu caligmada Tiirkiye'de satisa sunulacak bir boya ig¢in talep tahmini
yapilmaktadir. Satisa sunulacak boya tiirii i¢in pazar arastirmalari sonucu dikkate alinmis ve
saglikli boya konseptinde bir {iriin belirlenmistir. Cikacak yeni {iriiniin hem mevcut iiriinlerden
hammadde farkliliklar1 hem de ek pazarlama ihtiyaglari nedeniyle pazarda ne kadar yer

edinecegini belirlemek kaynaklari olumlu kullanmak i¢in 6nemlidir.

Bir bagimli nicel degisken ile bir / veya daha fazla bagimsiz nicel degisken arasindaki sebep-
sonug iligkisine dayanan iliskiye regresyon, bu iliskiyi gdsteren matematiksel ifadeye regresyon
modeli denir. Bulanik regresyon, karar verme siirecinde hem nicel hem de nitel degiskenleri
g6z Oniinde bulundurmak i¢in olanaklar saglayarak sorunlarin ¢éziimiinde kullanilabilecek
yontemlerden biridir. Bulanik regresyon, klasik regresyon uygulamalarinin 6nerilmedigi bazi
durumlarda kullanilan alternatif bir yontemdir; Belirsiz sistem yapisindan veya sistem yapisinin
degiskenler arasindaki kesin iligkileri belirleyememesinden dolay1 verilerin timii ya da bir

kismi bulanik ise.

Cok boyutlu bir konu olan boya satisin1 sadece fiyat ile iliskilendirmek veya diger satis yapilan
boyalarla ele alip yonetmeye calismak ise yaniltici sonuglara neden olabilir. Birden ¢ok hem
nicel hem de nitel degiskenin etken oldugu boya satisinda kullanilabilecek modellerden en
uygun olanlarindan biri bulanik regresyon modelidir. Klasik regresyon modeli yerine bulanik

regresyon modelinin secilmesinin en 6nemli nedeni yeni {irline ait yetersiz veriye sahip



olunmasidir. Piyasaya dair yetersiz verinin oldugu durumlarda bulanik regresyon klasik
regresyona gore daha iyi sonuglar vermektedir. Bu uygulamada da bulanik regresyon modeli
incelenmis ve talep tahmini i¢in kullanilmistir. Ancak bulanik regresyon modelini tek basina

kullanmak da dogru tahmin igin yeterli degildir.

Bulanik regresyon modelini en verimli bicimde uygulamak i¢in belirlenmesi gereken en 6nemli
etmen degiskenlerdir. Hangi degiskenlerin se¢ilmesi, hangi degiskenlerin modele katilmamasi
gerektigini netlestirmek kritiktir. Ciinkii degiskenlerin birbirleri ile olan bagimlilik dereceleri
karar verme asamasinda onemli bir etkendir. Bu ylizden oncelikli olarak uzmanlar tarafindan
boyada ve boya satisinda 6nemli oldugu kabul edilen kistaslar belirlenmistir. Bu kistaslardan
hangilerinin bulanik regresyon modelinde kullanilacagini belirlemek icin iki asamali eleme

gerceklestirilmistir.

Bu elemenin ilki piyasa kosuluna gore hem tiiketici hem de iiretici tarafindan belirlenen hijyen
faktorlerinin elenmesi ile yapilmistir. Hijyen faktorleri satilan iiriin veya hizmet ne olursa olsun
piyasada olmazsa olmaz kabul edilen faktorlerdir. Mesela giliniimiizde bir telefon satin alinirken
konusma oOzelliginin veya mesajlasma Ozelliginin olmasina bakilmaz. Tiiketicinin karar
verirken degerlendirdigi 6zellikler kamerasi, islemcisi gibi hijyen faktorii olmayan olgiitlerdir.
Boyada da aym sekilde bakildiginda piyasada olmaz ise olmaz kabul edilen nefes almasi,
silinebilmesi, kokusuz olmasi, ortiiciiliigiiniin yiiksek olmasi, TSE belgesi olmasi gibi dzellikler
hijyen faktorleridir. Bu dlgiitler degerlendirmeden ¢ikartilarak farklilik yaratan diger etmenler
dikkate almmustir. Uygulamada satis1 etkileyecek olarak degerlendirilen etmenler hijyen
faktorleri ¢ikartildiktan sonra fiyat, bulunabilirlik, sagliklt ve ¢evre dostu, uygulama servisi,
marka Dbilinirligi, renk alternatifi, 6deme siireci, iletisim cesitliligi ve ekonomik durum

olmustur.

Bulanik regresyon modelinin ¢dziim vermesini saglamak ve islemleri kolaylastirmak i¢in
belirlenen dlgiitlerin tamami kullanilmamistir. En iyi sonucu alabilmek i¢in geri kalan olgiitler
arasindan da en 6nemlilerinin belirlenmesi ve uygulamaya dahil edilmesi gerekmektedir. Bu
yiizden bulanik regresyon modelinde kullanilacak olgiitler DEMATEL (The Decision Making
Trial and Evaluation Laboratory) yontemi kullanilarak belirlenmistir. Bu yontem ile boya
satigini etkileyen faktorler ve faktorler arasindaki etkilesim netlestirilmis, bulanik regresyonda

esas alinacak faktorler belirlenmistir.

Xi



DEMATEL metodolojisi, olusan durumlarda karmasik bir halde olan etkilenen ve etkileyen
olgiitleri saptamak i¢in kullanilan bir metoddur. Asil olarak DEMATEL karmasik neden sonug
iliskilerini gorsel hale getirerek anlamli sonuglar elde etmeyi hedeflemektedir. Ancak bu
iliskilerde etmenlerin birbiriyle etkilesimin ne kadar oldugunu belirleyebilmek olduk¢a zordur.
Zor olmasinin sebebi etkenlerin birbiriyle etkilesiminin nicel olarak belirtmenin fazlasiyla zor
olmasindan kaynaklanmaktadir. Etkileyen ve etkilenen olgiitlerin bulunabilmesi i¢in bu
Olclitlerin birbiriyle olusturduklar1 anlamli iliskilerin konu iizerinde tecriibeli insanlar
tarafindan belirlenmesi gerekir. Bu iliskiler belirlendikten sonra oOlgiitlerin kendi aralarinda
karsiklikli karsilagtirmalart yapilmalidir. Fakat bu karsilastirmalar yapilirken bir faktoriin diger
bir faktorii ne derece etkiledigini belirlemek yine fazlasiyla zordur. Bu zorlugun istesinden
gelmek igin tam say1 6lgegi Onerilmistir. Bu dlgege gore bir faktoriin diger bir faktorii etkilemesi
cok fazla, fazla, normal ve ¢ok az olmak iizere dilsel degisken olarak tanimlanmistir.
DEMATEL yontemi ile bir etkenin digerlerine olan etki seviyesi ve onlarla iliski seviyesi
belirlenir. Bu yontemle her bir 6l¢iitin diger Olgiitlerle arasindaki iliskisi gosterilir ve diger

Ol¢iitler ile daha ¢ok iliskili olan Sl¢iitler belirlenebilir.

Uygulamada hijyen faktorii olan odlgiitler ayristirildiktan sonra DEMATEL yontemi ile talep
tahmininde kullanilacak ol¢iitlerin belirlenmesiyle bulanik regresyon modeli uygulanmstir.
Boylece belirlenen 6l¢iitlerin durumuna veya alacagi degere gore yeni boya satisinin ne kadar
olacagr tahmin edilebilmektedir. Cikan sonuclar iretici tarafindan degerlendirildiginde bir
sirket icin Onemli bircok siireci daha verimli yonetmesine olanak saglar. Tedarik zinciri
tarafinda hammadde stok seviyesini, uzun donemli iiretim kapasite planini, yapilacak mesai
planin1 gibi etkenleri yonetmesine olanak saglarken, pazarlama ve satis tarafinda {irline
yapilacak pazarlama harcamalarini, kampanyalari, anlatilmasi gereken onemli 6zelliklerini
yonetmesine olanak saglar. Biitliin bu bilgiler hem {irliniin tutundurulmasi hem de miisteri

memnuniyetini en iist seviyeye ¢ikarmak icin sirketi yonlendirmektedir.

xii



1. INTRODUCTION

For many years, companies have aimed to increase customer levels and ensure customer
satisfaction. The reason they did this was to prevent the bad consequences of a wrong estimate
because customer demands were difficult to predict. With this approach, stock levels are
evaluated independently of profit and loss and appear to be a necessity. If this requirement could
not be fulfilled, customer unhappiness could lead to worse results than the cost burden of the

inventory level.

As companies find it difficult to find opportunities to grow further, they are trying to increase
their sales through faster access to the market, personalization and innovation. Nowadays,
supply chain management has an important place to become a successful company. Despite the
slowdown in stock turnover rates, increasing customer satisfaction leaves companies in a
difficult position. However, the main reasons for these problems are a low performance supply
chain resulting from low forecast accuracy, inefficient planning processes and slow production
capabilities to respond to changing market demand. Due to these inefficiencies in the supply
chain, companies' growth slows down, customer discontent increases, inventory levels increase,
sales losses are experienced and old products that cannot be sold remain in the market and
prevent new sales. Resources are spent in this way rather than capital marketing efficiency by

using better marketing activities for product development.

A company can reduce the negative impacts of risks by specifying demand or sales expectations
for products and services in the future. Demand estimation is a systematic process that includes
an estimate of the demand for an organization's products and services under a range of

uncontrollable and competitive forces in the future.

In the words of Evan J. Douglas (1987), “Demand estimation (forecasting) may be defined as

a process of finding values for demand in future time periods.” (Douglas, 1987)



According to Cundiff and Still (1971), “Demand forecasting is an estimate of sales during a
specified future period based on proposed marketing plan and a set of particular uncontrollable
and competitive forces.” (Cundiff and Still, 1971)

Demand forecasts enable a company to make several business decisions such as planning
purchasing raw materials, the production and the logistics process, managing funds and
deciding on product price. An organization can estimate its demand by making its own
estimations, called forecasting, or by taking the help of expert consultants or market research

agencies.

The main challenge in predicting demand is to choose an effective technique. There is no
specific way for organizations to anticipate future risks and uncertainties. Generally, there are

two approaches to demand estimation.

The first approach involves estimating demand by collecting information from consumers or
purchasing surveys from experts. On the other hand, the second method is to estimate the

demand using historical data using statistical techniques.

In this study, a sales forecast is made for a new paint product that will be released to the market.
DEMATEL method and fuzzy regression model are used in order to estimate sales. Since there
is not enough market information and data for the new product, fuzzy regression model is used
instead of classical regression. DEMATEL method has been integrated in order to determine
the important criteria for more accurate results of the study.

The study is organized as follows. Section | aims to review the literature on forecasting method.
The review is based on a search in the academic literature from 2010 to 2018. The reviewed
papers are classified into two groups namely “linear time series models” and “fuzzy time series
models”. In section Il, taxonomy of the forecasting methods is presented by classifying the
published works into two categories as "linear time series models" and "fuzzy time series
models”. Section Il presents fuzzy regression analysis. Future works are delineated in the last
section. In section 1V, proposed approach and DEMATEL methodology are presented. In
section V, the applicability of the proposed approach is illustrated by a case problem for
forecasting the sales of a new paint product.



2. FORECASTING, FORECASTING METHODS AND REGRESSION

2.1. Forecasting

Forecasting basicly is the process of making predictions for the future based on past and present
data and analyzing the most common trends. An ordinary example may be an estimate of some
variables of interest in a specific upcoming date. The prediction is similar compared to the
forecasting, but is used more generally. Forecasting and estimation may refer to formal
statistical methods using time series, longitudinal or cross-sectional data, or alternatively to less
formal trial methods. Usage may vary between application areas.

Risk and uncertainty are central to the prediction; To specify the degree of uncertainty related
to estimates is generally accepted as good practice. In any case, the data must be up-to-date to
ensure that the estimate is as free of error as possible. In some situations, the data used to
estimate the variable of interest is estimated by itself.

2.2. Forecasting Methods

There are many forecasting techniques. They can be classified in various ways. Estimation
techniques can be divided into two groups as qualitative and quantitative techniques. In
quantitative techniques and qualitative techniques, the starting points are the same, that is,
observation values for the event in question. Observation values from past and present
observation values are estimated according to certain rules. Qualitative estimation techniques
are based on historical knowledge, but are largely based on the estimator's knowledge,
experience and personal opinions. In qualitative techniques, the knowledge and experience and
the experience of the predictor play a significant role. Thus, in a matter of experienced, skilled
person the estimate may give better results. Qualitative techniques can be said is subjective.
Because different individuals may have different ratings for the same observation value. On the

other hand, the estimation error cannot be measured in qualitative estimation techniques. This



does not mean that qualitative estimation techniques are completely unnecessary. As stated
above, the estimator's knowledge on the subject, the more the experience, the more accurate the
results in his predictions. Sometimes qualitative techniques can give better results than
quantitative techniques. Moreover, it can be stated that qualitative techniques are easy to

implement, and do not require much effort and time.

Although quantitative estimation techniques can also be classified in various respects, it is
possible to divide them into two groups, mainly as the techniques based on the cause-effect
relationships and on time series analysis techniques. Quantitative techniques based on cause
and effect relationship are regression and econometric models.

2.2.1. Estimation techniques based on cause-effect relationship

In the regression technique, the help of the previous observation values determines a causal
relationship between a quantitative dependent variable with a cause-effect relationship and one
or more quantitative independent variables. Then, for the future values of the independent
variables, the value of the dependent variable will be estimated. On the other hand, the
regression technique also aims to determine the causal relationship between dependent

independent variables.

Econometric models are the equation system consisting of two or more (simple or multiple)
regression equations showing cause and effect relationship. Therefore, econometric models
have more than one dependent variable. In econometric models, the relationships between all
dependent and independent variables are examined simultaneously. Thus, the relationships
between dependent independent variables are evaluated in a more realistic way. As a result,
dependent variable values can be calculated with the help of independent variable values in an
equation and other dependent variable values can be estimated by other equations containing
this variable.

As mentioned above, estimation techniques based on cause-effect relationship are mostly used
to estimate dependent variable values from independent variable values. Regression and
econometric models are very limited to make future estimates. Because, in order to estimate the

future values of the dependent variables with the help of regression and econometric models,



the future values of the independent variables should be determined or estimated. This is only
possible with the analysis of time series of the independent variables.

2.2.2. Estimation techniques based on time series analysis

All guantitative estimation techniques, except for the regression and economic model, are based
on time series of past observation values of the variable. Regression and economic models aim
to estimate dependent quantitative variables from independent quantitative variables and to
estimate future period values of variables with the help of historical observation values.

It can be said that all estimation techniques are based on extrapolation. The route of estimation
techniques is the same. Firstly, the time series of past observation values of the variable of
interest is analyzed and the main trend and characteristics of the series are determined. Then
the model to reflect this trend is selected and the parameters of the model from the current time
series are approximately. Then, assuming that the variable will have the same tendency in the
future, the approximate values are obtained for future periods with the help of the determined
model.

Time series based estimation techniques are Trend Analysis, Division Separation Technique,

Correction Technigues and Box-Jenkins technique.

2.3. Regression

The relationship between a dependent quantitative variable with a cause-effect relationship and
one or more independent quantitative variables is called a regression. Mathematical expression

showing the relationship form is called the regression function or regression model.

Regression models can be classified in various aspects. It is divided into two as Simple
Regression and Multiple Regression. The model that contains an argument is called Simple

Regression, the regression with multiple arguments is called multiple regression.



On the other hand, the regression is divided into two as linear and nonlinear. Linearity and non-

linearity are same both simple and multiple regression. Therefore, regression models;

Regression Models

N s— z —1
p B P~ -
Simple Multiple
(1 variable) (2<variables)
I 4 @
| | | | | | ] |
{ 3 ™ Fa Y
Linear Non-Linear Linear Non-Linear

4 . > - > >

Figure 2.1. Types of regression model

It is classified in the form. Linear (simple and multiple) regression has a single, nonlinear

(simple or multiple) regression has many varieties.

The Least Squares method is used to determine simple or multiple regression models. The
difference between the observation values and the estimated values is called an error. Least
Squares Method aims to minimize the sum of Error Frames. The error between the observation
values and the estimated values is inevitable. The causes of errors are mainly;

- Measuring Errors

- The effects of qualitative variables not included in the model.



3. FUZZY SET THEORY AND FUZZY REGRESSION

3.1. Fuzzy Set Theory

Every person is confronted with situations that cannot be known in their daily lives, sometimes
even as if they were presumed to be definite, but ultimately encounter situations that do not
supply certainty.but ultimately unsuitable. It is only possible to make these predictions in a
systematic way in advance and to make numerical predictions only after a number of
assumptions and assumptions. Various studies have been carried out in engineering research
and modeling so far to give certainty to acceptance and concepts with this assumption.
However, as we move from large scales to small scales, we can see that the events examined

go from certainty to uncertainty.

The real world is complex. This complexity generally arises from uncertainty, lack of definite
thought, and lack of judgment. In many social, economic and technical issues, uncertainties are
always present due to the fact that human thought is completely immature. Computers
developed by human beings cannot process such information and digital information is required
for their work. Since the comprehension of a real event is not entirely possible with the
inadequacy of human knowledge, human beings comment on such events in the mind and mind.
Incomplete sources of information, such as complexity and uncertainty that arise in various
forms, are generally referred to as fuzzy sources. It has been stated by Zadeh (1962) that the
closer to the real world problems the solution will be more blurred (Zadeh, 1962). Because all
of the very large sources of information cannot comprehend and interact with people at the
same time and interactively. It should be emphasized that the information sources, in addition
to the basic and definite information, also contain verbal information. Since a person can think
verbally and can convey what he or she knows verbally to others, these statements cannot be

expected to be definite.



The more we learn about a system, the better we can understand it and the degree of complexity
about it decreases, but it does not disappear completely. The complexity of the systems under
investigation will be more effective if there is no more or less data available. It is possible to
make meaningful and useful inferences by using fuzzy logic rules from fuzzy input and output

information.

3.1.1. The concept of fuzzy logic and its applications

L. Soldier Zadeh (1962) first mentioned the term "fuzzy cluster” in 1962, in his work "From
circuit theory to system theory” (Zadeh, 1962). These thoughts, which can be called
mathematics of uncertainty, have matured in the second study (Zadeh, 1965). In the next decade
(1965-1975), 620 studies have been achieved, which could create a comprehensive
bibliography from two studies (Gaines and Kohout, 1977). The number of studies increased
from year to year in 1979 to 1400 (Kendall and Yager, 1979). In the following years,
publications had reached an exponential rate. Those interested in fuzzy set theory have evolved
from small expert groups to international communities. The field of application has increased

so that it is no longer possible to monitor these publications in various disciplines.

This over-interest in fuzzy set theory and mathematics is due to the change in the problem-
solving approach of the majority of theoretical and practical scientists and technocrats. The
rigid system approach, which has proven its validity and strength in the development of human
systems, is not so effective in model development for the natural system or semi-natural semi-
human system. The "soft" system approach has become necessary for the expansion of science
and technology into ecological, social and economic processes. Fuzzy set theory and its

applications in expert systems are the basis of the soft system approach (Gaines, 1987).

Zadeh (1975), in his presentation for Kaufman's book, argued very ambitiously that fuzzy set
theory would be the basis for the design of artificial intelligence systems in psychology,
sociology, social sciences, philosophy, economics linguistics, operations research, management
science and other fields (Kaufman, 1975). Indeed, studies to date confirm Zadeh's predictions.

Fuzzy set theory has been applied in the following sciences and fields:



« Artificial intelligence

* Expert systems

* Control theory

* Quality control,

* Multipurpose decision making
* Product planning, selection
* Optimum system planning

« Transport, transportation

* Net work

* Games theory

* Environmental management
* Banking finance

* Agriculture

At the beginning, however, many scientists have doubts about this new theory (Arbib, 1977).

3.1.2. Uncertainties and imprecision

For logic, system, cluster, etc., fuzzy is an expression of uncertainty. In the past, probability
theory was used to process uncertainties and to reach meaningful conclusions. This probability
theory in mathematics and engineering is used with statistical methods in cases of uncertainty.

Therefore, the concept that all uncertainty has a random character has become widespread.

The most important feature of randomness is that the chance event plays a role in the emergence
of the results and that the necessary predictions and predictions cannot be done with precise
accuracy. However, all known uncertainties are not random. It is easily understood that most
of the uncertainties encountered in everyday life are not random. In case of non-random
characters, methodologies that require numerical uncertainties such as probability and statistics

cannot be used in verbal uncertainties.

The first of the two cases in which fuzzy logic is most valid is to include the opinions and value
judgments of the people in the event that the incident is complex and if sufficient information

is not available. The second is the situations that need human judgment, understanding and
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decision. It should not be deduced that any problem encountered can be solved, even if it is
complicated by fuzzy logic. However, it can be concluded that at least the idea of human
thought can be better understood at least because of some verbal inferences about the examined
case (Sen, 2001).

3.1.3. Methods of uncertainty

The logic structure, which contains ambiguity and is called fuzzy today, has become used in
different technological devices. It was possible to include verbal ambiguities in the language of
daily speech in modeling or calculation. Today's technology, washing-dishwasher, vacuum
cleaner, car, elevator, artificial intelligence, modeling, such as many breakthroughs in fuzzy

logic methods can be achieved in recent days.

After these explanations, it is evident that some techniques, methods, algorithms and
approaches for the objective investigation of uncertainty are found on all sides and in
everything, and some scientific methods with rules that can capture and quantify the uncertainty
outside the conventional mathematical (differential equation, derivative). There are various
uncertainty methods such as probability, statistics, stochastic, fractal, chaotic and quantum
which may be applicable to these subjects. However, the oldest of these and what is necessary
to understand others is "probability". These methods help in the investigation of the event rather
than being normative, simplistic and dull concepts with more dynamic, uncertain and efficient

approaches and opinions (Sen, 2001).

3.1.4. Fuzzy sets and membership degrees

Among the various uncertainties mentioned above, it is understood that the verbal ones always
contain approximation and turbidity in terms of their inexcusable information content. It was
stated by Liitfii Askerzade in 1965 that the most appropriate management science principle
would be by giving different membership degrees to the cluster members in such situations of
uncertainty. According to Aristotle logic, people are either tall in length or not.

However, according to the Zadeh (1975) approach, tallness has different degrees. If one of the

tallest is taken as real tall, the ones that are slightly shorter than it are not tall. Even if the lengths



11

above and below the underlying length are not so strong, although the degree of being tall is
slightly less, it still enters the tall set. In this way, we can say that the people in the whole set of

people in the world have one degree of membership in length (Sen, 2001).

According to Aristotle logic and so far in the conventional classical cluster concept, if a member
of a cluster belonging to the event if they belong to membership degrees 1, is assumed to be
equal to 0 if they do not belong. No degree of membership can be considered between the two.
It is possible to speak of different membership degrees ranging from 0 to 1 in the concept of
fuzzy sets. Thus, we can already say that the membership degrees of the elements in fuzzy sets
are continuous between 0 and 1. In fact, Zadeh (1972) developed fuzzy set theory, which has a
broad application in clusters theory and is compatible with natural life, suggesting that the
membership levels of cluster elements can vary between 0 and 1. The concept of fuzzy clusters,
which has such a simple foundation, has had a great impact on technology and scientific studies
especially after 1980 (Chang et al. , 2001).

X
7 3 5 >
),
1.0
X
7 3 9 >
(a)
n(x),
1.0
> X
7 3 9

(b)
Figure 3.1. Membership degree functions (a) classical set, (b) fuzzy set (Chang et al. , 2001)

Randomness can be defined as the numerical measure of the occurrence of that event.
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3.1.5. Fuzzy system

The meaning of the fuzzy is the complete and incomplete information that a researcher has if
he / she is not fully known by him / her. Thus, the researcher cannot directly use the classical
analytical methods and the principles of dynamic and conservation (such as conservation of
energy, matter, momentum), since there is uncertainty or ambiguity in the data and information.
The event and mechanism examined by the researcher can be modeled only by taking into
consideration the verbal and very vague information related to them, which are only definite
and present as their complement instead of equations which are accepted and assumptions in
their conclusions. A fuzzy data and knowledge is involved in the investigation of incidents with
the help of fuzzy principles, but the functioning of fuzzy methods is completely evident. There
are generally two reasons why researchers use fuzzy systems. These can be expressed as

follows:

1) Due to the fact that real world events are very complex, it is not possible to precisely
control these events with definite equations. As a natural consequence of this, the
investigator always prefers to resort to approximate but solvable methods, if not
absolute. Already, as Einstein says, if the actual events can be expressed with
mathematical equations, or if the results of the equations can be precise, or the
mathematical equations can accurately describe the truth, then it is not possible to talk
about real world events. Therefore, in all studies, the solutions are to some extent
approximate. Otherwise, a large number of nonlinear equations need to be solved in the
same time, which is known to lead to chaotic solutions which are not obvious according

to current knowledge (Lorenz, 1963).

2) All theories and equations in engineering express the real world in a way. Although
many real systems are nonlinear, every effort is made to accept linearity in their classical
methods. For example, it was found in Hooke's law that the deformation of the material
under stress is linear in the strength calculations. However, the material cannot always
be expected to behave in this way, and it is therefore likely that there will be some
deviations. As a natural consequence of this, by taking into account the size of the safety
factor in strength sizing, the uncertainties that may be taken into consideration are taken
into consideration again. The use of the safety coefficient is, in some way, the
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uncertainty being introduced into the solution through the back door in a rigid manner.
However, uncertainty principles are required for sizing without the need for a size such

as a safety factor in the behavior of the actual material.

Today, information and the verbal data it brings are given importance. The reason for
this is that people can negotiate with verbal data, not numerically, as a device. Verbal
data increases day by day. It is necessary to consider oral human data in a system and
in engineering systems with the numerical information given by the devices. The real
issue of fuzzy systems is how to think about how to go to analysis if such information
is found. A good engineering theory is expected to capture some of the important
features of the phenomenon under investigation and to model it in a way that is
somewhat modeling and to be controlled by solutions that are not complex in
mathematics.In fact, fuzzy methods of modeling a system with approximation and very
easy resolution. All numerical and verbal information obtained in engineering
approaches should be able to reach meaningful solutions in the control of the examined
event by participating in the solution algorithm. In this respect, the fuzzy set, logic and
system principles serve to solve the problems by processing the verbal information
given by the experts. However, only numerical values are used in theoretical
mathematics and differential calculations. Fuzzy systems are needed to make the
calculations that can be detected by computers or algorithms by digitizing the verbal

information presented by people (Sen, 2001).

3.1.6. Advantages and disadvantages of fuzzy logic

Many of the problems we encounter in everyday life are not well defined, fuzzy and complex,
with features close to human thinking. This is a mathematical problem with many features of
this type of fuzzy control in accordance with human thinking style has a distinct advantage. It
provides simple solutions to the control of indeterminate, time-varying, complex, well-defined
systems. If the system is a system that can be defined by a simple mathematical model which
does not have the features we just mentioned, then a traditional system approach will be
sufficient. However, as the degree of complexity of the system increases, the traditional control
rules, and thus the application of traditional logic, become more difficult and fuzzy logic control

emerges as a good alternative. Because applying a traditional logic to a complex system is both
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very difficult and costly. On the other hand, fuzzy logic control can analyze the system better
than traditional logic and it is also economical.

Fuzzy control often results in a smaller software faster, because fuzzy logic can be subjected to
a preprocessing and a wide range of values cannot be reduced to a small number of membership

functions.

Another advantage provided by the fuzzy logic control is that it allows the user to benefit from
the user's experiences directly. This is a good example of the transmission which can be changed
electronically continuously. As is known, conventional automatic gear changes occur
automatically when the engine reaches certain speeds. On the other hand, in a manual gear car,
the driver has more freedom and the gear changes in certain situations depending on the road,

load and driving style.

In the applications of fuzzy logic and fuzzy control, examples are given to traditional

controllers, and fuzzy-based controllers are more successful than conventional controllers.

Another good example of fuzzy control is the fuzzy controlled air conditioner produced by
Mitsubishi. This device senses the ambient conditions and sets the best operating condition and
increases cooling if someone enters the room. Compared to the conventional controller, the

heating and cooling times were significantly reduced, with a 20% reduction in the power used.

There are various criticisms against fuzzy logic controllers. One of these criticisms is that fuzzy
logic controllers need more information about the process and need more sensors and are
therefore both expensive and less reliable. This is not always true. For example, the air
conditioner produced by Mitsubishi uses less sensors than the conventional controller.
Similarly, the National Panasonic company released a blur-controlled washing machine with

only two sensors.

Another criticism is that fuzzy logic controllers can provide high performance compared to
traditional controllers by means of non-linear controller.This may be true, but it is likely that

the non-linear controller will not occur with a 4-bit microprocessor.
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The above described benefits have put fuzzy control into a suitable candidate for industrial
applications. However, there are some difficulties encountered in practice. These can be listed
as follows;

1- The rules used in fuzzy control are highly dependent on experience.

2- There is no specific method in the selection of membership functions. The most appropriate
function is found by trial. This may take quite a long time.

3- A stability analysis of the audit system cannot be carried out and it is not predictable how

the system will respond. The only thing to do is simulation work.

We come across many areas with data that is either clear or blurry. Fuzzy numbers or data
definition are used for data that is not defined or classified. If the numerical value taken by the

variable leads to a subjective definition, this data is defined as fuzzy data (Zimmerman, 1976).

3.2. Fuzzy Regression

Classical Regression is a method of estimating dependent quantitative variable values using
independent quantitative variables. Classical regression is an important application tool such as
making estimations based on quantitative data of existing and / or past periods, making
contributions to decision support systems. Despite some important assumptions in classical
regression, flexible thinking structure in real life is not included in the method (Tanaka et al.,
1982).

Classical Regression is used as a statistical tool to model the relationship between variables
based on available data and to define the current situation or future, and defines the relationship
between the variables very sharply. Scientists try to precisely capture the effects and the amount
of independent variables in the non-blur regression they use to predict the future. However, the
exact mathematical models that try to reflect many ambiguous events in nature do not always
work. The classical regression gives accurate results only when it is able to obtain certain data
in nature. In other words, the regression which is based on the classical logic itself, leads to
wrong decisions in fuzzy systems with features close to human thinking style (Tanaka et al.,
1982).
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Fuzzy regression was developed in response to the disadvantages of the classical regression
described above. In fuzzy regression, the relationship between the dependent variable and the
independent variables is not as definite as in the classical regression. For this reason, fuzzy
techniques reflect the effects of independent variables in a more realistic way in uncertain cases
(Tanaka et al., 1982).

Fuzzy logic and fuzzy regression enter into the work where uncertainty exists in nature and in
our daily life, where mathematical methods based on traditional logic are insufficient, it
increases the reliability of the system as well as making a significant decrease in costs, as well
as making decisions consistent with nature (Tanaka et al., 1982).

The studies based on Tanaka, Hayashi and Watada's (1982) flexible thinking base gave Fuzzy
dimension to Regression Analysis. In this way, in situations where uncertainty exists in nature
and in our daily life and the classical method is insufficient, it increases the reliability of
established systems and helps us to make appropriate decisions for natural thinking (Tanaka et
al., 1982).

The differences between the values calculated with the classical regression and the observed
values are considered to be measurement errors. In the fuzzy regression model, it is assumed
that these differences are based on unstable system parameters. The proposed model is to
establish a correct relationship between fuzzy coefficients and system coefficients directly

entering the model (Tanaka et al., 1982).

Fuzzy regression has been proposed with fuzzy data. In contrast to the classical regression based
on probability theory, fuzzy regression is based on posibility theory and fuzzy set theory. The
errors between the regression model and the observed data are often assumed to be a random
variable observation error with a normal distribution, with a mean 0" and constant variance, in
the classical regression analysis. But in the fuzzy regression analysis, it is assumed that the

same type of error is caused by the turbidity in the model structure.

Tanaka et al. (1982) in the study of fuzzy dependent variable and discrete independent variables
are formulated in mathematical programming problems. The aim is to minimize the total

distribution of fuzzy regression coefficients to find the value that provides the membership
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value that predicts the fuzzy equivalent of the regression model. Fuzzy linear regression has
been developed to model the linear relationship between variables in the case of turbidity.

According to Yang & Liu (2003), Fuzzy regression analysis is also a probability regression
analysis. The deviation between the observed and predicted variables is assumed to be due to
random errors, in classical regression analysis. However, these deviations are sometimes caused
by unidentified system structure or fuzzy observations. The uncertainty of this type of

regression model makes the model not random but rather fuzzy (Yang & Liu, 2003).

3.2.1. Literature review

Fuzzy logic is a widely used system for identifying and controlling systems and models. The
first information on fuzzy principles was raised by the Azerbaijani-based Lutfu Askerzade
(Zadeh, 1965). Fuzzy logic, which has become increasingly important since then, can be
defined as a definite mathematical order established to explain uncertainties and to work with
uncertainties. Since Zadeh's introduction of the concept of fuzzy sets, the applications that take
fuzzy information into account in the regression model have been successfully applied in many

disciplines. Studies on fuzzy regression can be summarized as follows.

Tanaka et al. (1982) proposed the first study of linear regression analysis with a fuzzy model.
It is assumed that input and output variables are not blurred, but the system information is
blurred and the objective function is based on the minimization of the spread of the estimation
value of the dependent variable. The analysis is analyzed using linear programming technique.
(Tanaka et al., 1982).

In fuzzy linear regression, Moskowitz and Kim (1993) determined the relationship between
fuzzy parameters propagation, forms of membership functions, and H value (Moskowitz and
Kim, 1993).

Chang and Lee (1996) proposed the generalized fuzzy weighted least squares method, which
weighted with membership degrees and was based on interaction with the decision maker for
the case of outliers (Chang and Lee, 1996).
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Uemura (1996) used various fuzzy regression methods to evaluate physical tests in schools.
Based on 2 approaches. First, classical regression analysis was used. In the second case, fuzzy
regression was used when the data were blurred and a study was performed on the total trend.
(Uemura, 1996).

Yang and Ko (1997) conducted a study on 2-step iterative algorithm of fuzzy least squares
analysis for simple regression. First of all, the fuzzy classification method which gives the class
membership of the observations is chosen, then these values of the memberships are used as
weights. Fuzzy least squares weighted in fuzzy regression analysis are considered to be an
optimization problem (Yang and Ko, 1997).

Chang (1997) used fuzzy regression for seasonal time series data (Chang, 1997).

Boreux, Pesti, Duckstein and Nicolas Paleoclimatic (1997) have made the age model prediction
with a fuzzy regression model. Fuzzy regression model was used to determine the age and depth
of sediments. Seaweed or regional plants are sensitive to seasonal changes. The age and depth
of deposits are dependent variables and the relationship between them is usually fuzzy. A
prediction model was constructed using a data set with a fuzzy linear regression model (Boreux
etal., 1997).

Wang and Tsaur (2000) proposed the fuzzy least squares method developed by Tanaka to solve
the non-fuzzy independent variable and fuzzy dependent variable problem (Wang & Tsaur,
2000).

Ishibuchi and Manabu (2001) mentioned some of the limitations of fuzzy regression method
and made the extension of the symmetric triangular fuzzy number type coefficients to
asymmetric triangular and trapezoid number (Ishibuchi and Manabu, 2001).

Chang and Bilal (2001) described the differences between fuzzy regression and classical

regression.

In this study, a comprehensive literature review is done and three approaches of fuzzy
regression are summarized. The first approach is based on the minimization of the blurring with
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the most appropriate criterion. The second approach uses the least squares of errors as a suitable
criterion and summarizes the two methods in the article. The third approach is defined as
intermittent regression analysis. Numerical examples and graphical representations were used
to evaluate the difference between each fuzzy regression method and the classical regression
method. In the article, the main differences between the randomness type of uncertainty in
classical regression model data and the turbidity of the uncertainty in traditional fuzzy

regression model data were evaluated comparatively (Chang and Ayyub, 2001).

Lee and Chen (2001) presented a generalized fuzzy linear regression model and proposed a
nonlinear programming model to determine fuzzy parameters (Lee & Chen, 2001).

Chang (2001) explained the main differences between fuzzy regression and statistical
regression in Ayyubb studies. To fuse turbidity and randomness, hybrid fuzzy least squares
regression analysis was developed and details of the method were explained. (Chang and
Ayyub, 2001).

Tsaur et al. (2002) proposed a method in which fuzzy regression method was applied in the
industrial area where seasonal change and annual change are important. While the mean
estimation error was found to be 2,91% and 4,29% in the two time series analyzes, the mean

estimation error in the fuzzy regression analysis was 1.85% (Tsaur et al., 2002).

Wu and Tseng (2002) have done a study on fuzzy examples with fuzzy parameter estimation
using a fuzzy regression model. Unlike classical analysis estimates, it is related to the fuzzy
measurement of the observed values. The results proved that the newly developed approach

was more effective and more realistic than classical regression analysis (Wu and Tseng, 2002).

Tseng and Tzeng (2002) suggest fuzzy seasonal ARIMA (SARIMA) method combining
advantageous aspects of fuzzy regression and seasonal time series ARIMA series (Tseng and
Tzeng, 2002).

Tran and Duckstein (2002) present a multi-purpose fuzzy regression model that combines the
central tendency and likelihood features of classical and fuzzy regression models (Tran and
Duckstein 2002).
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Wu and Tseng (2002) presented a fuzzy parameter estimation fuzzy regression model with the
least squares approach (Wu and Tseng, 2002).

Yang and Lin (2002) proposed two predictive methods for the fuzzy input and fuzzy output
variables under the least fuzzy squares approximation. Heterogeneous data control and the use
of a luminescence analysis to determine outliers (Yang and Lin, 2002).

Hong, Hwang and Ahn (2004) made an estimation of the fuzzy linear regression model using

the learning algorithm (Honh et al., 2004).

Lee and Chou (2004) conducted a study called Fuzzy Estimation based on the Fuzzy time series
(Lee & Chou, 2004).

Hojati, Bector, Smimou (2005) have proposed a new method calculated under fuzzy thinking
in two cases where only independent variables are fuzzy, both dependent and independent

variables are fuzzy (Hojati, 2005).

Fuzzy regression analysis approach was developed at fuzzy intervals to create the Kwong and
Bai (2005) miroscopic wrapping process. 2 fuzzy regression models were associated with 3
process parameters and 2 quality characteristics, respectively. Then, a fuzzy multi-purpose
optimization problem was created. Fuzzy linear regression models are for optimization models.

Optimal process parameters were reached by solving the model (Kwong and Bai, 2005).

Aydin, Karakose and Akin (2005) proposed a predictive algorithm using fuzzy logic-based time
series data mining (Aydin et al., 2005).

Nasrabadi, Nasrabadi, Nasrabay (2005) conducted a study called fuzzy linear regression
analysis with multi-purpose programming approach. Fuzzy regression is criticized because it is
sensitive to outliers, that all data do not affect predicted parameters and that the distribution of
predicted values is even more dispersed than data in the model. A multipurpose fuzzy linear
regression model was developed to eliminate these deficiencies (Nasrabadi et al., 2005).
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Chen, Jia and Lee (2006) conducted a study on the modeling of heat comfort in fuzzy rooms
with fuzzy regression analysis. Heat comfort is subjective and expressed in linguistic terms.
Experiments were conducted to obtain the required data. The results were analyzed and

individual sentiment played an important role in the model (Chen et al., 2006).

Ogiit (2006), a model for determining the number of car owners in Turkey conducted a study
related to the development. Multivariable fuzzy regression model was used because of having
economic, social and demographic reasons. The results showed that when the multivariate
approach was added to posibilistic regression, the model yielded results not only as discrete
outputs but also as output range (Ogiit, 2006).

In the Stahl study (2006), a linear fuzzy regression model was established by using fuzzy
arguments and fuzzy parameters. The least squares method was used to create fuzzy parameters.
The least squares method has shown to be a powerful predictor (Stahl, 2006).

In DiUrso and Santoro (2006) studies, they developed a new approach by improving the
classical regression in real situations where observations are not homogeneous. In this study,
clustered linear regression analysis is discussed in the context of turbidity. Fuzzy clustered
linear regression analysis (FCWLR) model with symmetric fuzzy output and discrete input

variables have been proposed to create (DiUrso and Santoro, 2006).

A new approach has been developed for the linear programming method of Tanaka in order to
address the problems of outliers by Hung and Yang (2006). This approach has the capacity to
calculate the value change behavior in the objective function when observations are destroyed
(Hung and Yang, 2006).

Kandari, Soliman and Alammari (2006) conducted fuzzy voltage measurements based on fuzzy
linear estimation method. In the developed algorithm, digitized voltage signal samples were
used in which power quality standards were met. VVoltage signals are modeled using fuzzy linear
parameter estimation problems. The parameters are defined by the triangular membership
function (Kandari et al., 2006).
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Wang, Zhang and Mei (2007) have developed fuzzy nonparametric regression based on
simplified local linear techniques. (Wang et al., 2007)

Ge., H., Wang, S. (2007), using non-symmetrical fuzzy triangular coefficients, conducted a
study on the degree of adaptation in the fuzzy linear regression and the dependency between
input noise. (Ge and Wang, 2007)

The relationship between He, Chan and Wu (2007), productivity, customer satisfaction and
profitability was tried to be determined using the classical regression and new fuzzy regression
approach. 22 samples were selected from Hong Kong and statistical values of three variables
were given. Many models were initially estimated using the known least squares method (OLS).
A new constraint was added to the existing FLR method and an "improved FLR™ method was
developed. The data were solved by the statistical regression model, FLR model and newly
developed FLR method and the results were compared (He et al., 2007).

By Sanchez (2007), Tanaka's classic fuzzy regression method and Sherman's rights protection

plan method are combined and developed to create a new protection method (Sananchez, 2007).

Huang and Tzeng (2008) have developed a two-step new fuzzy part regression analysis method

to calculate product life time and annual order quantity of products. (Huang and Tzeng, 2008)

Arulchinnappan et al. (2011) demonstrated fuzzy linear regression model for estimation of
reverse 0smosis permeating parameters conditions. They observed that fuzzy regression model
was effectively taken on non-crisp, fuzzy and crisp data. They examined the variables that
contribute to the deterioration of membrane. They concluded that the fuzzy linear regression

model had accuracy with efficient prediction model. (Arulchinnappan et al., 2011)

Azadeh et al. (2011) proposed fuzzy regression—analysis of variance (ANOVA) algorithm to
estimated and predicted electricity consumption in uncertain environment. They compared the
fuzzy regression—analysis of variance algorithm with sixteen fuzzy regression models. They
observed that there was no clear cut as to which of the recent fuzzy regression model was
suitable for given set of actual data with respect to electricity consumption .and also difficult to

model uncertain behavior of electricity consumption with conventional time series and proper
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fuzzy regression could be an ideal substitute for such cases. They suggested that the fuzzy
regression—analysis of variance algorithm used to identified the optimum model with lowest
error. (Azadeh et al., 2011)

Abdullah et. al. (2012) developed the fuzzy regression model used for road accident in Malaysia
over the period of 1974 to 2007 used three predictors. They introduced the threshold level
h=0.5, 0.9 were accounted and also model structured was the road accident uses registered
vehicles, population and road length as variables based on one response variable was road
accident. They showed that the variables of registered vehicles and population provide higher
impact to the number of road accident. (Abdullah et. al., 2012)

Akdemir et al. (2013) studied the effect of the variation of metrological conditions on the total
burned area in hectares, by used fuzzy linear regression analysis based on Tanaka’s fuzzy
regression model. They observed that temperature, wind speed and rainfall were significant on
total burned area. (Akdemir et al., 2013)

Azadeh et al. (2013) implemented fuzzy regression model was applied to gas consumption in
Iran. They compared with conventional regression methods and fuzzy regression model to the
crisp data. They observed that fuzzy algorithm was better performance than conventional

regression analysis. (Azadeh et al., 2013)

Muzzioli, Ruggier and Debaets (2015) investigated the linear fuzzy regression methods of
Tanaka et al., Savic, Pedrycz, Ishibuchi and Nii and applied on finance problem and estimated
of the smile function. They evaluated both the in-sample pricing performance of the different
estimation methods and the out-of-sample forecasting performance of the moments, by using
as a benchmark the standard cubic spine interpolation. They suggested that in sample, by using
fuzzy regression was better estimation than the classical approach based on cubic spines.
(Muzzioli et al., 2015)

Lately, Yoon and Choi (2019) examine the impact of satisfaction with family, friends, school,
and government on life satisfaction, and to identify the impact of knowledge, attitude, and

practice of sharing on life satisfaction. (Yoon and Choi, 2019)
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3.2.2. Fuzzy linear regression model

Over the years, classical regression has been practiced in almost every field of science.

The purpose of the regression is to explain the change of a dependent Y variable in f(x)
depending on the explanatory variables x in Y= f(x). The use of classical regression is based on
the fact that non-observable error terms are mutually independent and have the same
distribution and some definite assumptions about the given data. Consequently, classical
regression can only be applied if the data are distributed by a model and the relationship
between x and y is definitively defined. Fuzzy linear regression (FLR) was first developed by
Tanaka et al. in 1982 and some definite assumptions of classical regression were relaxed
(Tanaka et al., 1982).

In the absence of rigid assumptions of classical regression analysis, many researchers have
conducted research in the field of linear fuzzy regression because of the applicability of fuzzy

regression to real-life problems.

Since the development of the first fuzzy regression model, it has been criticized by Celmins,
Chang et al. and Redden ve Woodall. After entering the first method, many fuzzy regression
methods have been used to minimize blur. Tanaka and Ishibuchi (1992) developed quadratic
membership functions to produce fuzzy coefficients (Ishibuchi and Tanaka, 1992). For fuzzy
regression, Chang and Lee (1996) have developed an unrestricted model of width. Tanaka et
al. (1982) developed a regression that compared the results of fuzzy regression with classical
regression. In these developed methods, linear programming problem solving technique has

been used to obtain minimum turbidity as a criterion of conformity (Chang and Ayyub, 2001).
Four of the fuzzy regression models developed so far are summarized below. In the next section,

a numerical sample study will be made on the fuzzy regression models described and the results

will be interpreted according to the decision maker.

3.2.3. Fuzzy regression model of Tanaka

It is assumed that the deviation between observed and predicted data in fuzzy regression is due

to system turbidity or blur of regression coefficients. The aim of fuzzy regression is to
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find a regression model suitable for all observed fuzzy data. Different fuzzy regression models
are created depending on the use of appropriate criteria. Tanaka et al. (1982) formed the first
fuzzy linear regression model with a fuzzy model. According to this method, regression
coefficients are fuzzy numbers. Because the regression coefficients are fuzzy numbers, the
predicted variable Y is the fuzzy number. Fuzzy regression analysis with single independent X
variables is summarized below. A, fuzzy interaction coefficient and A; fuzzy slope coefficient
(Tanaka et al., 1982).

Y =4, + A, X

Each fuzzy parameter 4;= (c;,s;) is expressed as symmetrical triangular membership functions
with central value c; and distribution value s;. Other membership function shapes can also be

used.

According to this approach, the fuzzy coefficients A;(i = 0,1)calculate the predicted fuzzy
output to have a minimum fuzzy width of the ¥ to achieve the aim of belief H.. The term “H”
is referred to as a measure of “the degree of compatibility” measuring data between the data

and the regression model (Tanaka et al., 1982).
A basic fuzzy linear regression model is assumed as follows;
? :A~0X0 + A1X1 + -+ ANXN = AX

X = (X, Xq,..., Xy)T is the independent variable vector.
A =(Ay, Ay,...,Ax)T membership function is the vectors of the blurred coefficient 4;= (c;,s;)
in the symmetrical triangular fuzzy number structure defined as follows:

¢ is the central value and S is the distribution value.

1 lemal
ua(a) = s . G—s< a < ¢+s,V=12,..,N (3.1)
0
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Thus, the fuzzy regression model can be written as follows;

Y, = (co,S0) + (c1,50)%1; + (C2,82)%5; + -+ + (cn, Sy)Xni

Above is the fuzzy regression analysis, the parameter distribution of the relationship between
the input and output data predicts certain input and output data which are fuzzy functions.

By adding Extension groups, the membership of the fuzzy number Y; is calculated as follows;

.yt
1- 'Y;tl’;f', X#0
nf) =9 q, x=0y=o0, VI=12..M (3.2)
0, X=0Y=0,
st = (Sg, S1, ) SN, ¢ = (Co,C1y ) Cy)

Each dependent fuzzy variable value is calculated as ¥; = (Y%, ¥/=1, vV )i=12,.. M. The
lower limit of ¥; fuzzy number is " = ¥¥_,(c; — s;)X;;: the central value of ¥; is ¥,*=' =

Y10 ¢ X;; and the upper value of ¥; is Y,V = X1 (¢; + 5;)Xy;.

To achieve fuzzy regression analysis to minimize blur, the objective function is adapted to

minimize the overall distribution of fuzzy number ¥;;

(3.3)

N M
minst|X| = minZ (st|Xij|>,
i=1

j=0

Constraints require that each Y; observation value be bound to ¥; with a minimum degree of H.
So,uY; > H (i=1.2,..,M)

(3.4)
%=X

1
stlX|

>HVvi=12,...M
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¥, S

Membership Value

¥ eifx; 1 ]‘]Z‘CJNI’
i

Figure 3.2. The degree of conformity of ¥; required to obtain fuzzy data ¥; (Chang et al.,
2001)

Each observed data set, which may be fuzzy Y and specific Y; data, must fall to the predicted Y
value at the H level as shown in figure 3.2. Determination of H in fuzzy regression was left to
the analyst. There is no specific criterion for the choice of H. The recommended H level is
usually 0.5 (Uras, 1998).

To calculate the fuzzy coefficient 4;= (c;,s;), the following linear fuzzy regression model

developed by Tanaka et al. (1982) are formulated:

Min Z= i(sji\xu\j (3.5)

j=0 i=1

subject to

N N
chxij +(1- H)Zsj‘xij‘ >y,
i=0 j=0

N N
D% —(@d- H)Zsj‘xij‘ <y,
j=0 j=0
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3.2.4. Fuzzy least squares regression

This section describes the development of fuzzy least squares regression analysis (FLSRA).
Different perspectives were developed by Celmins, Diamond, Savic and Pedrycz and Chang
and Ayyub (2001) in the fuzzy least squares regression. Celmins defined the appropriate
measurement between fuzzy data and a model and used this measurement as a model
compliance criteria. Diamond has developed a method of least squares. Savic and Pedrycz
developed an integrated approach to FLSRA by fusing the minimum fuzzy criteria into the
classic regimen. Chang and Ayyub (2001) emphasized reliability issues such as standard
deviation and correlation coefficient. This section summarizes the two methods of FLSRA
developed by Celmins, Savic and Pedrycz (Chang and Ayyub, 2001).

Least Squares Regression Using Minimum Fuzzy Criterion:

Savic and Pedrycz (1991) formulated the fuzzy regression method by combining the least
squares principle and the minimum turbidity criterion. The method is done in 2 consecutive
steps. The first step uses the classical regression to find the fuzzy center values of fuzzy
regression coefficients. The second step uses the minimum turbidity criterion to find the fuzzy
intervals of fuzzy regression coefficients. In the first step, a regression line is developed using
the available information on the central values of fuzzy observations. Fuzzy data acts as
simplified specific data and regression analysis is performed as a classical regression. The
results of the first step are used as the central value of the central coefficients of fuzzy regression
coefficients. In the second step, the fuzzy coefficients are calculated using the minimum
turbidity criterion. The width of the fuzzy coefficients is calculated using Equation 3.6 and 3.7
(Savic and Pedrycz, 1991).

n
min S = ns, -I-SlZlXil

=1
st

S0=0,5,20

1

1
Zcixl-j +(1 - H)Zsj|xij| >Y;+(1—H)e;fori=1—n (3.6)

j=0 j=0
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1 1
Z ciXij—(1— H)Zsj|xi,-| >Y;—(1—H)e;fori=1—-n (3.7)
j=0 j=0

Range Regression :

According to this method, fuzzy data and fuzzy regression coefficients act as spacing numbers.
Interval operations are added to the fuzzy regression and thus are referred to as interval
regression analysis. Fuzzy regression coefficients are calculated as if all fuzzy outputs are in a
fuzzy regression model. An interval regression model for specific X and specific Y is shown in
Figure 3.3. The following linear programming formulation for ¥ = A+ A, X is used to solve

fuzzy regression coefficients A= (cy,5,) and 4o= (¢4, 51).

n
minnsg + slin

i=1
st

So=0,51=>0 (3.8)
(co—so)+(c1—sDX; <Y, i=1—-n (3.9)
(co+sg)+(c1+s)X; =Y, i=1—-n (3.10)

Yi, andY;, are the lower and upper limit values for each fuzzy data, respectively. The objective
function in Equation 3.8 results in a minimum of total fuzzy magnitudes. Equation 3.9 and 3.10
are used to limit the observed fuzzy data to a fuzzy regression model. The above formulation is

called the minimization problem by Ishubichi (Ishibuchi, 2005).
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(b) X

Figure 3.3. Range Regression Models (a) for specific X and specific Y values, Range
Regression model (b) For specific X and fuzzy Y values

3.2.5. Classical regression and fuzzy regression analysis

Regression analysis can be defined as a statistical tool that demonstrates the relationship
between independent quantitative variables and dependent quantitative variables. However, a
healthy analysis requires collecting precise information from nature. However, this is often
impossible. In such cases, we can compensate for the shortcomings of regression analysis using

fuzzy regression.

Because classical regression analysis with fuzzy data will bring us far and distorted results. In
our world, where blurring and complexity are increasing day by day, neither businesses nor
other organizations can tolerate distant, meaningless and deviant consequences.

Therefore, fuzzy data and fuzzy regression analysis can be performed by using standard data.

Another advantage of fuzzy regression is that it offers thousands of alternatives to the decision

maker. Thus, the analyst will be able to choose the most suitable model for the enterprise.
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Fuzzy regression is based on system blur and gives different results than classical regression.

The difference between fuzzy regression and classical regression results from differences in
views between observed values and estimated values. Deviations in classical regression are
random errors in observations. In fuzzy regression, deviations are caused by fuzzy errors caused
by system turbidity. Both the fuzzy and the classic regression only take into account the total
uncertainty. In fact, there are two different types of uncertainty in the randomness and turbidity
regression analysis. In the classical regression, probability theory is used to model random
errors, and the results are presented in classical regression equations. On the other hand, fuzzy
set theory can be used to model fuzzy errors and the results are presented in fuzzy regression

equations.

Classical regression is a suitable tool for certain observed data analyzing random errors between
observed and estimated values. In the classical regression, unlike fuzzy errors in fuzzy data,
certain data are considered to contain random errors. Fuzzy regression linguistic explanations:
excellent, very good, as well as provides a way to model the observed fuzzy data. Fuzzy
regression is needed if data contains turbidity. However, in fuzzy regression, if the data are
forced to be approached to a discrete state, fuzzy regression results may approach classical
regression results. However, such a feature has not yet been used in fuzzy regression methods.
The reason for this is that fuzzy regression uses the hypothesis of system turbidity instead of

the random assumption in classical regression.

The blur of the data is used as a substitute for the randomness of the data rather than by giving
it a hint of the data. Based on this assumption, fuzzy regression models are the results of data
blur and system turbidity. However, different compliance criteria should be used in fuzzy
regression models. As a result, fuzzy regression may provide a fuzzy model, assuming it

contains system blur, even if all data is specific.

If fuzzy regression is not sufficient for classical regression analysis if the data set is not provided
for statistical regression analysis, if the regression model has a weak representation, if there is
human judgment (input or output is fuzzy number), the error terms are better than the classical

regression if it is related to system uncertainty. (Ozelkan and Duckstein, 2000)
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Generally, there are certain circumstances under which the application of fuzzy regression is
appropriate, but statistical regression is not — for example, when the observations of the
dependent variable are obtained as fuzzy numbers (Tanaka, Uejima and Asai, 1982), or some
data are collected by measurements (i.e., crisp), yet other data are estimated qualitatively (i.e.,
fuzzy) (Johnson and Ayyub, 1993). Such cases often occur when human expert knowledge is
the main source of the data or information needed for modeling. (Kim et al., 1996)

The objectives of regression analysis are to make predictions and describe/explain phenomena.
The experiments showed that in terms of predictive capability, statistical regression is generally
superior to fuzzy regression. However, with respect to descriptive capability, performance, and
therefore choice of method, depends on various factors associated with the data set, proper
specificity of the model, and the nature of the process being investigated. Interestingly and
somewhat counter-intuitively, fuzzy regression should not be used when the data quality is bad
(i.e., when there exist outliers or high variability in the data). (Kim et al., 1996)

Although it is conventional and generally superior to use statistical regression analysis for
predicting and describing phenomena from data, there are cases when fuzzy regression analysis
is not only appropriate but indeed superior in describing a process. In general, one of the
characteristics of the problems suitable for statistical regression is that they are open to
experimentation. This, in essence, means that sufficient data must be available for deriving a
valid statistical relation among variables. Often, in practice, this is not the case. Another
important characteristic of problems amenable to statistical regression is the validity of the
assumptions in order for the linear regression model to be considered in practical applications
(Savic and Pedrycz, 1991). Fuzzy regression provides a viable, alternative approach for
modeling situations which fail to satisfy one or both of the above characteristics. (Kim et al.,
1996)



4. PROPOSED APPROACH FOR SALES FORECASTING

The forecasting of sales is considered as one of the most crucial processes in order to succeed
in competitive markets. Especially, effective prediction of a new product’s sales volume is
critical for accurate production and marketing planning. The lack of historical data and the
vagueness that exists between factors affecting the sales makes fuzzy regression suitable for

sales forecasting problems concerning new products or services.

This study proposes an integrated approach based on Decision Making Trial and Evaluation
Laboratory (DEMATEL) and fuzzy linear regression in order to forecast the volume of sales.
DEMATEL methodology is employed to determine the variables influencing the sales
performance in manufacturing companies. Then, a fuzzy linear regression model which predicts

the sales using explanatory variables determined by DEMATEL method is built.

Steps to take when application:

Determining the new product to be
forecasted

Determining the factors affecting
the sales of a new product

Analysis of factors with the help of
DEMATEL and determination of
important factors

Establishment of fuzzy regression
estimation equation with factors

Calculation of ¢stimated sales
figures due to new product features
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4.1. DEMATEL Methodology

The DEMATEL methodology (Fontela and Gobus, 1976) developed by “the Science and
Human Affairs Program of the Battelle Memorial Institute of Geneva” between 1972 and 1976
(Tzeng et al., 2011). Based on the graph theory, the DEMATEL method can divide multiple
factors into a cause-effect group and it enables the decision maker to visualize influences

between criteria with a network relationship map (Yang et al., 2011).

The method begins by generating the initial direct influence matrix A. The elements a; of the
matrix A represent the direct influence of each factor i exerts on each factor j, evaluated by a
decision maker. The matrix A is normalized by using (4.1) and it is named as the matrix D
(Tzeng et al., 2011), (Yang et al., 2011), (Hsu et al., 2012).

D=d.A, 4.1)

where

d: min ‘:l/ max]sisn Zn:|a11|'1/ maxlsisn Zn:|a11|:|
=t =

The total relation matrix T is defined as T =D(I - D)™ , where | is the identity matrix.

Define r and ¢ be n x 1 and 1 x n vectors representing the sum of rows and sum of columns of
the total relation matrix T, respectively. Suppose ri be the sum of i row in matrix T, then ;i
represents both direct and indirect effects given by criteria i to the other criterias. If ¢j describes
the sum of j™ column in matrix T, then ¢; represents both direct and indirect effects by criteria j

from the other criterias (Yang et al., 2011).

The degree of importance for a factor i is considered as equals to the sum (ri + ¢j) when j= i
(Hsu et al., 2012), (Wang and Chen, 2012). A network relationship map which explains the
structural relations among factors can be obtained by setting up a threshold value which is
determined by the decision makers (Yang et al., 2011).
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Additionally, the difference (ri - cj) represents the net effect that factor i contributes to the
system. A factor i is a net causer if (ri - ¢;) is positive, and when (ri - ¢j) is negative, factor i is a

net receiver (Yang et al., 2011).



5. ILLUSTRATIVE SALES FORECASTING PROBLEM

This work aims to forecast the volume of sales using an integrated approach based on

DEMATEL and fuzzy linear regression.

The degree of dependence of the criteria for the new paint is an important issue in the process
of selling. This study has focused on a new paint product will occur in Turkey. The DEMATEL
method was used to determine the dependent weight values of the criteria. Research results with

focus groups were used for the new product type.

The types of products used are as follows:

Most healthy paint: It is a type of paint that does not have any special additive (biocide or

volatile component) in its structure and which has the lowest level of damage to the

environment in places where it is applied, has no negative effect on indoor air quality.

Paint applied on one layer: Classic wall paints are applied with at least 2 layers. There are

also waiting times between layers. Instead, it is a type of paint that can be applied as a single

layer and thus saves time and labor.

Non-dripping paint: In the application of classical paints, it is protected against paint drops by

covering the various faces on the ground and the surrounding area. As the name suggests, the
non-drip dye is a more dense consistency and a product type that can be used without dripping

around during its application.

Multi purpose paint: It can be applied safely on different surfaces other than walls, metal,

plastic, wood etc.

Scent paint: It is a type of paint that emits a pleasant smell for a certain period when applied

to the walls in the interior.
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Research has been conducted to determine which product type to use.
The content of the survey is as follows:

WHQ? : The people who participated in the survey were selected from the people who had
their paint done in the last year. (ABC1C2 , %50 Male - %50 Female)

HOW?: In this study, quantitative CAPI face to face interview technique was used. The
questionnaire to be used in the study was used for field studies. The questionnaire interviews
lasted an average of 23 minutes.

HOW MANY?: Representing a total of 821 interviews across 15 provinces of Turkey:
* Makes everything: 192

» Make a brand decision and buy it, but paint it to the painter: 316

* Deciding on the brand and leaving the purchase and painting to the painter: 110

* Leave everything to the painter: 203

The product type results were surveyed and the "Most Healthy Paint™ concept in all segments

was significantly more attractive than the other concepts.

buy themself,

make everything buy and paintto leave everything

aint to the
themself P ) the painter to the painter
painter
N=821 N=192 N=316 N=110 N=203

Most healthy paint 39% 35% 31% 45% 50%
Paint applied on one layer 19% 24% 23% 13% 12%
Non-dripping paint 15% 16% 15% 15% 14%
Multi purpose paint 14% 14% 16% 11% 12%
Scent paint 13% 12% 15% 12% 12%

The ratio of those who say "1-Most Attractive" for each concept is reported.

Question: Which one of these promotional ideas did you find most attractive? Could you please sort?

Figure 5.1. Survey Results

The factors influencing the sales which are determined by market research are price,
availability, healthy and environment friendly (represents the level of special additive and the
negative effect on indoor air quality), painting service, reputation of the company, number of

color alternatives, payment collection process, communication variety, economic risk
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situation. The criteria taken into account in this forecasting problem are summarized in Table

5.1.

Table 5.1: Criteria influencing the volume of sales

Definition
Criterion 1 (C1) Price
Criterion 2 (C2) Availability

Criterion 3 (C3)
Criterion 4 (C4)
Criterion 5 (C5)
Criterion 6 (C6)
Criterion 7 (C7)
Criterion 8 (C8)

Criterion 9 (C9)

Healthy and environment-friendly
Painting service

Reputation

Number of color alternatives
Payment collection process
Communication variety

Economic risk situation

Criterias Definition:

1. Price: Sales price to the consumer.

2. Availability: Availability of the product in the market

3. Be Healthy: It is a type of paint that does not have any special additive -biocide or

volatile component- in its structure and which has the lowest level of damage to the

environment in places where it is applied, has no negative effect on indoor air quality

4. Giving Painting Service: Supporting the application of the product with the

application service

5. Reputation : Consumer's perception of brand reliability

6. Color Alternatives: Big scala size of color alternatives

7. Payment Collection Process: the method and the type of payment when purchasing

the product
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8. Communication Variety: communication diversity for new product through channels
such as campaigns, dealers, sales clerks, sales person etc.

9. Economic Risk Situation: general economic situation of the country

A team of manufacturer experts indicates the influence which is express the influence of the
i-th object on the j-th object, an 4-degree scale is used, where: 0 — no influence, 1 — low
influence, 2 — medium influence, 3 — high influence, 4 — very high influence. The initial direct
influence matrix is shown in Table 5.2. This matrix is normalized using (5.1) and the total
relation matrix, given in Table 5.3, is calculated.

Table 5.2: Initial direct influence matrix

C1 C2 C3 C4 C5 C6 C7 C8 C9

C1l 0 0 0 2 3 0 0 2 1
C2 1 0 0 2 3 0 0 0 0
C3 4 2 0 3 4 2 0 0 0

C4 4 3 0 0 4 0 0 0 0

C5 3 2 2 3 0 4 0 0 0

C6 2 4 0 0 3 0 0 0 0

C7 1 0 0 0 0 0 0 3 3

C8 1 0 0 0 0 0 4 0 3

C9 4 2 0 1 0 0 4 4 0
D=d.A, (5.1)
where

= min| s, $fa fmax.,, $a)|
= i=1

The total relation matrix T is defined as T =D(1 - D)™, where | is the identity matrix.
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Table 5.3: Total relation matrix

C1 C2 C3 C4 C5 C6 Cc7 C8 C9

Cl 0,101 0,065 0,022 0,157 0,217 0,046 0,043 0,133 0,081
Cc2 0,129 0,058 0,022 0,156 0,220 0,046 0,005 0,016 0,010
C3 0355 0,220 0,037 0,271 0,375 0,179 0,014 0,043 0,026
C4 0,298 0,216 0,031 0,104 0,314 0,066 0,012 0,036 0,022
C5 0,294 0,220 0,119 0,249 0,18 0,249 0,011 0,036 0,022
Cé6 0,180 0,251 0,024 0,084 0,244 0,051 0,007 0,022 0,013
C7 0,118 0,029 0,003 0,030 0,029 0,006 0,083 0,214 0,200
C8 0123 0,030 0,003 0,031 0,031 0,006 0,260 0,093 0,209

C9 0,29 0,141 0,009 0,114 0,093 0,020 0,278 0,291 0,100

Table 5.4 shows the sum (ri + ¢;) and Table 5.5 shows the difference (r; - ¢j) calculated for each

criterion.

Table 5.4: Sum (rows + colums)

sum (ri + ¢j)
C1 2,759
C2 1,891
C3 1,790
C4 2,294
C5 3,100
C6 1,546
C7 1,426
C8 1,671

C9 2,028
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Table 5.5: Difference (rows - colums)

difference (ri - ¢j)

C1 -1,031
C2 -0,568
C3 1,248
C4 -0,095
C5 -0,324
C6 0,207
Cc7 -0,001
C8 -0,096
C9 0,660

According to Table 5.5, the criteria 3, 6 and 9 are net causer and the criteria 1, 2, 4,5, 7 and 8

are net receiver.

The degree of importance for a factor i is considered as equals to the sum (ri + ¢;) when j=i.
According to Table 5.4, the most important criterion for sales performance is the reputation.
The price of the product, the painting service provided by the company and economic risk

situation of the country are the other critical factors.

In order to built a fuzzy linear regression model which predicts the sales of a new paint using
explanatory variables determined by DEMATEL method whose the sum (ri + ¢j) when j= i,
greater than 2, namely the price (C1), the painting service (C4), the reputation (C5), and the
economic risk situation (C9), this work uses hypothetical data related to 10 paints. The data set

is given in Table 5.6.
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Table 5.6: Data related to critical factors

Sales Price Painting Reputation ~ Economic
(Dependent service Risk

variable) (%) Situation
Paint 1 48764 37 3 7 3
Paint 2 74428 20 5 4 2
Paint 3 85097 32 4 8 1
Paint 4 29180 36 2 6 4
Paint 5 51008 45 4 5 2
Paint 6 22105 75 3 4 2
Paint 7 31680 43 3 7 3
Paint 8 28052 75 2 5 4
Paint 9 26331 56 3 6 4
Paint 10 27447 70 2 5 3

The fuzzy linear equation is expressed in such a way to relate the sales (monthly), which is
selected as the dependent variable, to explanatory variables: price (x1), painting service (X2)
evaluated using an integer scale 1 to 5, reputation (x3) evaluated using an integer scale 1 to 10,

and economic risk situation (xs) evaluated using an integer scale 1 to 5.

~* -~ -~ -~ -~
yi = Ao + A Xy + A X, + A3Xi3 + Ay Xy (5.2)
The H value is equals to 0.5. The center and spread values of fuzzy parameters of the resulting

predictive equation obtained by using fuzzy linear regression (5.3) are shown in Table 5.7. The

resulting predictive equation is as follows:

Min Z= %(sji xij|) (5.3)
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subject to

N N
Yocix +(@=H)Y s x| >y,
j=0 j=0

N N

D ciX; —(1—H)Zsj‘xij‘s Y,
j=0 j=0
sj>0,j=0,1,...,N.

Table 5.7: Fuzzy parameters H=0.5

Value

Co 40943.420
So 0

C1 -208.3473
S1 46.0909
C2 9291.041
S2 0

C3 2149.728
S3 0

C4 -11046.75
S4 0

Volume of Sales= 40943.420 + (-208.3473, 46.0909) Price + 9291.041 Painting service (5.4)
+2149.728 Reputation -11046.75 Economic risk situation
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The H value is equals to 0.0. The center and spread values of fuzzy parameters of the resulting
predictive equation obtained by using fuzzy linear regression (5.3) are shown in Table 5.8.

Table 5.8: Fuzzy parameters H=0.0

Value

Co 40943.420
So 0

C1 -208.3473
S1 23.5454
C2 9291.041
S2 0

C3 2149.728
S3 0

C4 -11046.75
S4 0

Volume of Sales= 40943.420 + (-208.3473, 23.5454) Price + 9291.041 Painting service (5.5)
+2149.728 Reputation -11046.75 Economic risk situation

The H value is equals to 0.7. The center and spread values of fuzzy parameters of the resulting
predictive equation obtained by using fuzzy linear regression (5.3) are shown in Table 5.9.
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Table 5.9: Fuzzy parameters H=0.7

Value

Co 40943.420
So 0

C1 -208.3473
S1 53.0649
C2 9291.041
S2 0

C3 2149.728
S3 0

C4 -11046.75
S4 0

Volume of Sales= 40943.420 + (-208.3473, 53.0649) Price + 9291.041 Painting service (5.5)
+2149.728 Reputation -11046.75 Economic risk situation

The resulting fuzzy linear regression equation can be used for sales forecasting of a new paint.
As an example, consider a new paint whose characteristics are shown in Table 5.10.

Table 5.10: Data related to sales forecasting

Price Painting  Reputation  Economic
service Risk
$) Situation

New Paint 95 4 8 5
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For H=0.0,

The volume of monthly sales predicted using the fuzzy linear regression equation (5.4) is
(20278.665, 2236.813). Thus, the predicted sales volume is in the interval [18041.852,
22515.478].

For H=0.5,

The volume of monthly sales predicted using the fuzzy linear regression equation (5.4) is
(20278.665, 4378.636). Thus, the predicted sales volume is in the interval [15900.029,
24657.300].

For H=0.7,

The volume of monthly sales predicted using the fuzzy linear regression equation (5.4) is

(20278.665, 5041.166). Thus, the predicted sales volume is in the interval [15237.499,
25319.830].



6. CONCLUSION

The forecasting of sales is a very critical process leading important results that are essential
when making strategic decisions in competitive markets. Especially, effective prediction of a

new product’s sales volume is critical for accurate production and marketing planning.

Fuzzy regression analysis can be applied effectively to estimate relationships among variables
and to make predictions when the data is incomplete and/or fuzzy. The lack of historical data
and the vagueness that exists between factors affecting the sales makes fuzzy regression more

suitable than other classical techniques for sales forecasting problems concerning new products.

This research proposes a combined DEMATEL and fuzzy linear regression approach for sales
forecasting. It is necessary to determine the variables to implement the fuzzy regression model
in the most efficient way. The degree of dependence of the criteria with each other is an
important factor in the decision-making process. The factors to be evaluated, such as TSE
(Turkish Standards Institute), breathable, wiping, odorless, high coverage, which are considered
as hygiene factors, are not included. Because hygiene factors are considered to be indispensable
in the market. The criteria that are considered to affect the sale in practice have been price,
availability, healthy and environmentally friendly, application service, reputation, color
alternative, payment collection process, communication variety and economic risk situation.
DEMATEL (The Decision Making Trial and Evaluation Laboratory) methodology is employed
to determine the variables influencing the sales performance in manufacturing companies. With
this method, the factors affecting the painting sales and the interaction between the factors were
determined. In order to built a fuzzy linear regression model which predicts the sales of a new
paint using explanatory variables determined by DEMATEL method whose the sum (ri + cj)
when j= i, greater than 2, namely the price (C1), the painting service (C4), the reputation (C5),

and the economic risk situation (C9).

Then, a fuzzy linear regression model which predicts the sales using explanatory variables
determined by DEMATEL method is built. According to the results, the increase in product
price and economic risk situation negatively affects the sales of new products. When we look

at the paint service and reputation, they have a positive effect on the sale of paint. This predicted
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fuzzy linear regression equation can be used to sales forecasting when the criteria have been
evaluated.

Future research will focus on determining the conditions under which the proposed product can
be reached, based on the sales volume of the same product under different conditions, to the
targeted sales and profitability.
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