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Academic Platform Journal of Engineering and Smart Systems (APJESS) is a peer reviewed open-
access journal which focuses on the research and applications related to smart systems and artificial
intelligence. APJESS accepts both original research papers and review articles written

in English. It is essential that the information created in scientific study needs to be new, suggest new
method or give a new dimension to an existing information. Articles submitted for publication are
evaluated by at least two referees in case the editor finds potential scientific merit, and final acceptance
and rejection decision are taken by editorial board. The authors are not informed about the name of
referees who evaluate the papers. In similar way, the referees are not allowed to see the names of
authors. The papers which do not satisfy the scientific level of the journal can be refused with
unexplained reason.

There are two key principles that APJESS was founded on: Firstly, to publish the most exciting, novel,
technically sound, and clearly presented researches with respect to the subjects of smart systems and
artificial intelligence. Secondly, to provide a rapid turn-around time possible for reviewing and
publishing, and to disseminate the articles freely for research, teaching and reference purposes.

Any information about a submitted manuscript cannot be disclosed by the editor and any other
editorial staff to anyone other than the corresponding author, reviewers, potential reviewers, other
editorial advisers, and the publisher. No confidential information or ideas obtained through peer review
can be used for personal advantage.

Journal History

The journal was published between 2013-2021 with the title of "Academic Platform - Journal of
Engineering and Science". It will be published under its new title "Academic Platform Journal of
Engineering and Smart Systems" after 2022.

Former Title: Academic Platform - Journal of Engineering and Science

Years: 2013-2021

Scope

APJESS aims to publish research and review papers dealing with, but not limited to, the following
research fields:

» Knowledge Representation and Reasoning,

» Data Mining & Data Science,

« Supervised, Semi-Supervised and Unsupervised Learning,
» Machine Learning (ML) and Neural Computing,

« Evolutionary Computation,

« Natural Language Processing, Internet of Things, Big Data
« Fuzzy Systems,

« Intelligent Information Processing,
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Author Guidelines

Article Types

Manuscripts submitted to APJESS should neither be published previously nor be under consideration
for publication in another journal.

The main article types are as follows:

ResearchArticles: Original research manuscripts. The journal considers all original research
manuscripts provided that the work reports scientifically sound experiments and provides a substantial
amount of new information.

Review Articles: These provide concise and precise updates on the latest progress made in a given
area of research.

Checklist for Submissions
Please,

» read the Aims & Scope to see if your manuscript is suitable for the journal,

« use the Microsoft Word template to prepare your manuscript;

« Download Copyright Transfer Form and signed by all authors.

» make sure that issues about Ethical Principles and Publication Policy, Copyright and Licensing, Archiving
Policy, Repository Policy have been appropriately considered;

« Ensure that all authors have approved the content of the submitted manuscript.

The main text should be formed in the following order:

Manuscript: The article should start with an introduction written in scientific language, putting
thoughts together from diverse disciplines combining evidence-based knowledge and logical
arguments, conveying views about the aim and purpose of the article. It must address all readers in
general. The technical terms, symbols, abbreviations must be defined at the first time when they are
used in the article. The manuscript should be formed in the following order:

Introduction,

Material and Method,
Findings,

Discussion and Conclusion.

References: At the end of the paper provide full details of all references cited in-text. The reference
list should be arranged in the order of appearance of the in-text citations, not in an alphabetical order,
beginning with [1], and continuing in an ascending numerical order, from the lowest number to the
highest. In the reference list, only one resource per reference number is acceptable.

References must be numbered in order of appearance in the text (including citations in tables and
legends) and listed individually at the end of the manuscript. We recommend preparing the references
with a bibliography software package, such as EndNote, Reference Manager or Zotero to avoid typing
mistakes and duplicated references. Include the digital object identifier (DOI) for all references where
available. Please use IEEE style.
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Abstract

Research and development (R&D) activities are essential to guarantee continuity of firms, meet customer requirements and keep
ahead in competition. R&D project selection constitutes a significant part of project management in order to achieve the desired
results and outputs. In this study, an integrated fuzzy multi-criteria group decision making approach is developed for R&D
project selection. The problem includes a hierarchical structure of the criteria, uncertainty in evaluating the relative importance
of criteria/sub-criteria and rating of candidate projects. The method employs the ordered weighted average (OWA) operator as
the aggregation operator, which helps to fully reflect the real behavior of the decision makers in group decision making problems.
Fuzzy integral method, which does not require the assumption of the mutual independence of criteria, is used to rank the
alternatives. The case study is conducted in a small-sized company in Turkey, which designs and produces special purpose
machines. A R&D project selection model is developed to maximize the desired outputs. The results of the analysis show that
technological, environmental, marketing, organizational, national and financial issues should be considered simultaneously in
the evaluation process. The proposed method is shown to be efficient, generalizable and practical and it has several significant

merits compared to the other methods.

Keywords: Decision support systems; Fuzzy integral; Hierarchical decision making; OWA; R&D project selection.

1. INTRODUCTION

In recent years, global competitive environment leads many
organizations to venture in research and development (R&D)
activities since outstanding R&D activities are essential in
order to guarantee continuity of firms, meet customer
requirements and keeping ahead in competition.
Consequently, the selection of R&D projects has become one
of the most important investment decisions in the success of
companies. R&D is always purposed to new discoveries,
proceeding from hypotheses, original notions and their
judgement. R&D is predominantly ambiguous regarding its
ultimate results, the required period and required resources
to accomplish it. Considering these issues, the management
of R&D projects is one of compelling tasks in any
establishment. Therefore, each decision maker who
designated limited resources to a group of potential projects
face to evaluate the potential rate of an R&D project in an
organization.

The assessment, prioritizing, and selection of projects is a
prospering action in project-oriented firms where limited
resources (such as human, budget and equipment etc.) are
struggled to be evaluated for a group of alternatives. With a

Attribution (CC BY) license https://creativecommons.org/licenses/by/4.0/

rapid increase in competition and restrictions of financial
capabilities, the R&D project selection method that
maximize the benefit of the organization has emerged as
crucial factor. Project selection decisions are elaborate, due
to uncertainness of data, technology dynamics, market, and
long delivery time for R&D. Moreover, interdependency
between organization resources and complicated projects
make project decisions much more problematic. Inadequate
R&D project selection may result as a negative affect
significantly on corporations for many years [1].

The evaluation of R&D project alternatives, which needs to
consider multiple conflicting criteria with the involvement of
a group of experts, is an important multi-criteria group
decision making problem. In classical multi-criteria decision
making (MCDM) methods, the ratings and the weights of the
criteria are assumed to be known precisely. In general, crisp
data are not sufficient to model real-life situations, which
involve imprecision and vagueness. Moreover, if the number
of performance attributes increases in the evaluation process,
constructing a multi-level hierarchical structure of the
criteria is preferred to conduct more effective analysis.
Hierarchical decomposition of the R&D project selection
provides an efficient analysis enabling the mind to cope with

https://dergipark.org.tr/tr/pub/apjess
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diversity.

In group decision making problems, the comprehension,
analysis and support of the process become increasingly
difficult since each decision maker have his or her own idea
on the problem. In retrospect, the decision process is most
valuable in that it enables the group to identify and better
appreciate the differences and similarities of their judgments
[2]. For this type of problem, in order to fully reflect the real
behavior of the group, a final decision should be made on
significant level of consensus. Therefore, aggregation of
expert opinions is key to properly conduct the evaluation
process.

In this study, ordered weighted average (OWA) integrated
fuzzy integral method is used for R&D project selection in a
small-sized company in Turkey, which designs and produces
special purpose machines for its customers from different
industries including white goods, automotive, aerospace
sectors. It is project-oriented company and has a R&D center
authorized by the Ministry of Industry and Technology of
Turkey. The ministry provides tax and R&D expense
incentives for the firm for R&D centers, so they expect from
the firm to make R&D activities and contribute to national
R&D aims. Within this framework, the related company is
forced to increase its R&D level to meet expectation and
maintain sustainability of R&D center. Therefore, the firm
needs to determine a model for R&D project selection with
multi-criteria to meet both the R&D center requirements and
to maximize the outcomes.

The advantages of this study can be summarized as follows.
First, the method is a group decision making processes,
which enable the group to identify and better appreciate the
differences and similarities of their judgments. Second, the
employed approach can handle evaluation criteria that are
structured in multi-level hierarchies. Third, the methodology
is apt to incorporate imprecise data into the analysis using
fuzzy set theory. Fourth, it employs the OWA operator as the
aggregation operator. OWA operator differs from the
classical weighted average in that coefficients are not
associated directly with a particular attribute but rather with
an ordered position. It encompasses several operators since
it can implement different aggregation rules by changing the
order weights. Finally, the proposed approach does not
employ fuzzy number ranking methods that can produce
inconsistent results or even rankings contrary to intuition
while comparing alternatives. Moreover, the proposed
methodology does not require the assumption of the mutual
independence of criteria. Considering the above-mentioned
merits, proposed decision making framework is apt to
conduct robust evaluation of the R&D project alternatives.
The rest of the study is organized as follows. Literature
review part is provided in Section 2. Section 3 explains
materials and methods. The application of the methodology
to R&D project evaluation problem is illustrated in Section
4. Section 5 gives managerial implications and discussions.
Finally, conclusions are provided in the last section.

2. LITERATURE REVIEW

In the literature, different techniques and methods have
emerged for project assessment process varying from

qualitative review to quantitative techniques and a plenty of
studies have been published. Henriksen and Traynor [3]
classify R&D project selection methods as rating,
programming, decision analysis, economic models, artificial
intelligence, interactive methods, portfolio optimization, and
unconstructed studies.

Bhattacharyya et al. [4] used a fuzzy multi-objective
programming method to decide the best alternative among
candidate R&D projects to maximize outcomes and
minimize cost and risk considering the limitations on
resources, budget and interdependencies. Feng et al. [5]
developed an integrated method which consists of weighted
geometric averaging, analytic hierarchy process (AHP), and
scoring methods for collaborative R&D projects in China
regarding ten criteria. Khalili-Damghania and Sadi-Nezhad
[6] improved decision support system for multi-objective
project selection problem. Khalili-Damghania and Sadi-
Nezhad [7] also offered a hybrid fuzzy multiple criteria
group decision making method under six main criteria for the
project selection problem. Hassanzadeh et al. [8] applied a
multi-objective binary integer programming for R&D
project portfolio selection and robust optimization is
executed to handle imprecision. Bhattacharyya [1]
introduced R&D project portfolio selection as a grey theory
based multiple attribute decision making issue.

Arratia et al. [9] presented mixed-integer linear
programming for project portfolio selection. Cluzel et al.
[10] adapted eco-innovation technique for R&D project
portfolio selection in industries which eco-design
prerequisites are favorably particular. Hosseini et al. [11]
applied different project delivery method (PDM) to decide
the most appropriate alternative regarding different selection
criteria. Karasakal and Aker [12] executed multiple criteria
sorting methods based on DEA to evaluate R&D projects.
Jafarzadeh et al. [13] applied combination of fuzzy quality
function deployment (QFD) and data envelopment analysis
(DEA) for project portfolio selection regarding three
significant constituents. Rad and Rowzan [14] purposed two-
stage MO-PSO with TOPSIS for select project portfolio
selection. Song et al. [15] proposed stochastic multi-criteria
acceptability analysis (SMAA) to evaluate the multi-criteria
project portfolio selection and scheduling problem. Liu et al.
[16] developed the data-driven evidential reasoning rule-
based model for project selection to gain verification from
decision makers’ evaluations as registered in previous
datasets.

More recently, Binici and Aksakal [17] employed utility
additive method for the evaluation of R&D projects.
Mohagheghi et al. [18] develop and apply a novel
Pythagorean fuzzy sets approach for construction project
selection. Liu et al. [19] investigated a novel risk-based
decision model to address the uncertainty and risk in the
R&D project selection for a medical device company.

Although previously reported studies developed approaches
for project selection process, further studies are necessary
that considers a hierarchy of evaluation criteria and their
related sub-criteria and also that does not require the
assumption of the mutual independence of criteria.
Moreover, aggregation of decision makers’ opinions is
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crucial to properly conduct the evaluation process in the
presence of multiple decision-makers, each one of them
having his or her own viewpoint regarding the way the
problem should be handled and the decision to be made. In
this study, OWA integrated fuzzy integral method is
proposed for R&D project selection problem. The proposed
approach manages evaluation criteria that are structured in
multi-level hierarchies and it employs the OWA operator as
the aggregation operator, which helps to fully reflect the real
behavior of the decision makers in group decision making
problems.

3. MATERIALS AND METHODS
3.1. Ordered weighted average

One of key points in multi-criteria issues is aggregation of
scorings, which obtained from decision makers, to gain an
overall assessment for alternatives. Aggregation is simply
described as the procedure of unifying a number of scorings
into one representative score by means of an aggregation
operator to acquire a universal value. In MCDM problems,
each decision maker possesses her/his idea and might have
diverse knowledge about alternatives. Considering these
situations, aggregation methodologies are essential to cope
with the process to actualize the overall characteristic of
group decision making [20].

Various aggregation techniques have been examined to
handle multiplicity characteristics in group decision making.
In this paper, the OWA operator is utilized to aggregate
decision-makers’ assessments. The OWA operator was
initially suggested by Yager [21]. It enables an aggregation
between the “and”, which needs all the criteria to be fulfilled;
and the “or”, which needs at least one of the criteria is
fulfilled. Coefficients in this operator are directly related to
an ordered arrangement rather than specific attribute. It can
apply several aggregation rules by altering the order weights.
The concept of OWA can be described as below [22].

Let F = {a,,ay,...,a,} be a group of values aggregated.
OWA operator F is stated as:

F{a,,az,...,a,} = wh" = ¥7_, w;b; )

w = (W, w,, ...,w,) isaweighting vector where w; € [0,1]
and Y-, w; =1, b is the related value vector which is
ordered from the biggest one to the smallest one.

The characteristic of the OWA operator is that a; is not
related with a specific weight w;, but a weight w; is related
with an ordered arrangement of a, [22]. Determining
weights of OWA operator is a vital issue to implement it for
decision making process. Weights of OWA operator are
computed by means of fuzzy linguistic quantifiers as [23]

wi =Q(Y/n) - Q ((i - 1)/n), i=1,..,n @)

A non-decreasing relative quantifier Q is stated by [23]

0, y<a
Q) ={7—, a<y<b (3)
1, y>b

Some non-decreasing relative quantifiers are classified by
terms “as many as possible”, “most” and “at least half” with
parameters (a,b) provided as (0.5, 1), 0.3, 0.8) and (0, 0.5),
respectively. Since quantifiers have the ability of
summarizing the properties of a class of objects without
enumerating them, linguistic quantification is a very
important topic in the field of knowledge representation and
reasoning. Quantifiers in natural languages are usually vague
in some sense. It is clear that two-valued logic is not suited
to cope with vague quantifiers. There has been, therefore,
increasing interest about logical treatment of quantifiers in
human languages in fuzzy logic community [24].

3.2. Fuzzy measures and fuzzy integral

In many real-world problems, most criteria can have
interdependent or interacting structure. This state makes
their assessment complicated by additive measures precisely.
Therefore, fuzzy integral models with A-measure have been
proposed for a better assessment of human subjectivity [25].

Fuzzy measures and integrals were firstly introduced by
Choquet [26], in his paper “Theory of Capacities”. In the
related study, he proposed the usage of non-additive
measures. The theory of fuzzy measures and theory of fuzzy
set are well unified in a way that the fuzzy integral is an
adequate instrument to aggregate the values of membership
functions of fuzzy sets. Later, Sugeno [27] developed further
Choquet’s ideas. Sugeno offered two kinds of aggregation
operators: one is named as fuzzy discrete Choquet integral
and the other one is named as fuzzy discrete Sugeno integral.
Outcome of aggregation executing Choquet integral depends
on the value of each criterion while Sugeno integral is
utilized to aggregate for the outcome depends on criteria
rating on ordered scale aggregation. Therefore, the Sugeno
integral is more suitable for qualitative criteria aggregation
whereas the Choquet integral is more adequate for
quantitative criteria aggregation [27].

The fuzzy integral regards the objective assessment provided
by each information source (h-function) and each subset of
these sources (by favor of fuzzy measure) in decision making
procedure. This integrates information source and the value
of these sources according to the decision. This fusion
enables to tackle the uncertainty related with the procedure
of emerging and processing information [28].

Basic definitions for fuzzy integral are presented as below.

Definition 1. Let X be a group of information sources. g
fuzzy measure is described on the power set of X with range
[0,1], that satisfies below properties [28]:

(1) g(@)=0andg(X) =1

(2 g(A)<gB)ifASB

(3) If {4;} is an increasing sequence of subsets of X,
then ili_{gg(Ai) =g(UiZ, 4)
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A fuzzy measure g is called as Sugeno measure (g;-fuzzy
measure), if it also satisfies below property:

(4) For all AL BS X with AnB =0, g;(AUB) =
ga(A) + g,(B) + 1g,(A)ga(B) where A > —1

Definition 2. Think about the group of information sources
and let g' = g({x;}). The x; - g'mapping is called as a
fuzzy density function. gi, the fuzzy density value is
represented as the importance of each information source x;
[10].

The value of A for any Sugeno fuzzy measure can be
determined by solving following equation [28]:

1+ 2= +2gY (4)

The fuzzy integral is described as:

J, h(x)og(.) = sup [min (min h(x),g(AﬂE))] =
ECX X€EE
sup [min(a, g(ANF,)] ©)

a€[0,1]
where F, = {xlh(x) = a}.

Assume that h(x;) = h(x;) = -+ = h(x,) for a finite state.
Then the fuzzy integral can be indicated as below

e = max]; [min ((h(x;), g(A))], (6)
where 4; = {xq, ... x;}

The value of g(4;) can be iteratively defined as

g9(4;) = g({x1}) (7
g(A) = g' + g(A;_1) + Ag'g(A;-y), fori<i<n

3.3. Employed decision methodology

The process of the employed method, which is illustrated in
Figure 1, can be summarized as below.

Step 1. Build a team of decision-makers. Establish the
alternates, decision criteria, and associated sub-criteria in a
hierarchy.

Step 2. Structure decision matrices that specifies the scorings
of alternate i according to sub-criterion k of criterion j,
importance value of sub-criterion k of criterion j, and
importance value of criterion j for the I decision-maker,
respectively.

Step 3. Calculate the OWA weights of each decision maker.
In this study quantifier “most” is employed as decision
strategy.

Step 4. Find the aggregated fuzzy evaluations of alternatives
according to sub-criteria (Xix), the aggregated fuzzy
importance weights of sub-criteria (Wjx), and the aggregated
fuzzy importance weights of sub-criteria (W;).

Step 5. Unit-free and comparable sub-criteria values are
attained by normalization of the aggregated decision matrix.
The normalized values for the data are computed by means
of equation (8) taking into account benefit-related sub-
criteria (CB;) as well as cost-related sub-criteria (CC;).

1 - 2 3 -
Xi, — X7 Xi, — X X7, — X
ijk jk ijk jk ijk Jk

(< k € CB

— * —

X=Xk

* = ) *
X]-k X]-k xjk x]k

Tijk = . 3 . 2 . 1
("jk ~Xijk  Xjk ~Xijk  Xjk ~ Xijk

(®)

),k € CC

* ’ * ’ * .=
xjk xjk xjk x]k X]-k X]-k

In equation (8), 7ij represents the normalized value of X, m
is the number of alternates, n is the number of criteria, x, =

max;x3, and xj, = min;x};,. The greater value is much
preferred state for benefit-related sub-criteria, whereas the
greater value is less preferred state for cost-related sub-
criteria.

( Build a team of \ ( Construct Calculate the
decision- decision OWA weights
makers. matrices that of each
determine the specifies  the decision maker
alternates, scorings of and aggregate
decision alternatives the evaluations
criteria,  and according  to provided by
associated sub- sub-criteria, decision
criteria importance

value of sub-
criteria,  and
importance
value of
criteria

Compute the transformation
values of fuzzy evaluations,

criteria  and  sub-criteria

Normalize the aggregated
decision matrix  and
compute the distances to
the fuzzy max rating and

weights the fuzzy min rating
Compute the final A values
Calculate the A values of and the final fuzzy integral
fuzzy measures and fuzzy ¢ > values of alternatives and
integral values of rank  the  alternatives
alternatives according to according to the final fuzzy
each criterion integral values in

decreasing order

Figure 1. lllustration of the proposed method

Step 6. The fuzzy max rating, P* (1,1,1), and the fuzzy min
rating, P~ (0,0,0), are defined. Then, the distances of the
criteria weight and related sub-criteria weight, and the fuzzy
ratings to the fuzzy max rating and the fuzzy min rating are
calculated using Eq. (9).

dy(4,B) = 0.5{max(la; — byl,1as — bs|) + la, — by|} (9)

Step 7. The transformation values of fuzzy weights of entire
sub-criteria and criteria are computed as
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wd;,
. = Jk
RWji / (wdj, + wd3,) (10)
wd;
. = J
o / (wd; +wd;) (D

where wd;, wdjy,, wd;” and wd;;, represent the distances of

the criteria weight and related sub-criteria weight to the
fuzzy max rating and the fuzzy min rating, respectively.

Step 8. The transformation values of all normalize fuzzy
evaluations are computed.

d-
RIL. = ”"/ 12
ijk (dl_]k + d:}k ( )

where d;; and d;j, represent the distances of the fuzzy
ratings to the fuzzy max rating and the fuzzy min rating,
respectively.

Step 9. A values of fuzzy measures and fuzzy integral values
of whole options according to each criterion are calculated
with the help of using Equation (4)-(7). The h function is the
transformation values of normalized fuzzy evaluations RI;j

and g(4,) = g* = RW,.

Step 10. The final A values and the final fuzzy integral values
of options are computed. The options are ranked with respect
to the final fuzzy integral values in decreasing order.

4. CASE STUDY

In this study, OWA integrated fuzzy integral method is used
for R&D project selection in a small-sized company in
Turkey, which designs and produces special purpose
machines for its customers from different industries
including white goods, automotive, aerospace sectors. The
problem includes a hierarchical structure of the criteria,
uncertainty in evaluating the relative importance of
criteria/sub-criteria and rating of candidate projects.

Table 1. The candidate projects

No Project Name

P: Fuse Assembly Machine

P2 Hot-forging Press Machine Automation
Ps Glass Shelf Assembly Machine

P4 Gear Console Assembly Machine

Ps Sponge Conditioning and Separation Line
Ps Lever Assembly Machine

P7 Clips Feeder Line

Ps Sleeve Production Line

The company has eight candidate R&D projects as explained
in Table 1.

The evaluation criteria and sub-criteria are derived from
literature and experts’ opinions as in Table 2. To provide a
better understanding of project selection criteria, they are
categorized as 27 sub-criteria which are aggregated into six
major criteria.

Table 2. R&D project selection criteria

Selection Criteria

Technological Issues (C1) ([29], [30])

Innovation of technology (C11)
Advancement of technology (C12)

Key of technology (C13)

Patentability (Cia4)

Uniqueness of technology/product (Cis)
Technological extendibility (Cie)

Environmental Issues (C2) ( [30], [31], [32])

Safety considerations (C21)

Benefits for human life (C22)

Political factors (C23)

Job creation opportunity (Czs)

The satisfaction of the employee (Czs)

Marketing Issues (Cs) ( [30], [31])
Opportunity/probability of market success (Caz)
Potential size of market (Ca2)

Degree of competition (Cs3)
Opportunity for new technology/market (Cas)

Organizational Issues (Ca) ([31])

Competence and experience on similar projects (Caz)
Knowledge/skills availability (Cs2)

Facilities availability (Caz)

Research staff availability (Cas)

National Advantages Issues (Cs) ([30])
Collaboration of University and Industry (Cs1)
Contribution to national economy (Cs2)
Conducting Market Research (Cs3)
Contributions to the state of knowledge (Csa)

Financial Issues (Cs) ( [29], [33])

Investment cost (Ce1)

Outsourced benefits and services cost (Ce2)
Contribution of profitability (Ce3)

Risk for development cost (Ces)

The evaluation is conducted by a committee of four decision
makers that includes general manager, R&D center director,
design team leader and project manager. The decision
makers scored alternatives with respect to criteria and sub-
criteria by using the linguistic scale given in Figure 2.

L

l -

VL L : M| H; VH

o 0.25 05 0.75 0 X
Figure 2. Fuzzy linguistic term set [23]

The obtained evaluations are aggregated by using OWA
operator and the weights of OWA operator are calculated by
employing the non-decreasing relative quantifier Q stated in
Equations 2 and 3 as w = (0.0, 0.4, 0.5, 0.1). The results are
given in Tables 3 and 4.

The aggregated values are normalized by using Equation 8.
The fuzzy max rating, P* (1,1,1), and the fuzzy min rating,
P~ (0,0,0), are defined. Then, the distances, are calculated
regarding the Equation 9. The transformation values of fuzzy
weights of criteria and sub-criteria are calculated by using
Equation 10 and 11. The results are listed in Table 5.
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Table 3. The aggregated ratings of projects according to sub-criteria

Cl’?tlétl’)i-on P1 P2 Ps3 P4 Ps Ps P7 Ps
Cu1  (0.725,0.975,1.000) (0.225,0.475,0.725) (0.725,0.975,1.000) (0.000,0.225,0.475) (0.500,0.750,1.000) (0.600,0.850,1.000) (0.600,0.850,1.000) (0.500,0.750,1.000)
Ci2  (0.700,0.950,0.975) (0.100,0.350,0.600) (0.700,0.950,0.975) (0.100,0.350,0.600) (0.575,0.825,0.975) (0.475,0.725,0.975) (0.250,0.500,0.750) (0.475,0.725,0.975)
Ci3  (0.700,0.950,0.975) (0.325,0.575,0.825) (0.575,0.825,0.975) (0.250,0.500,0.750) (0.575,0.825,0.975) (0.700,0.950,0.975) (0.575,0.825,0.975) (0.475,0.725,0.975)
Cis  (0.675,0.925,0.950) (0.000,0.025,0.275) (0.450,0.700,0.950) (0.000,0.250,0.500) (0.550,0.800,0.950) (0.450,0.700,0.950) (0.675,0.925,0.950) (0.450,0.700,0.950)
Cis  (0.675,0.925,0.950) (0.000,0.225,0.475) (0.450,0.700,0.950) (0.000,0.225,0.475) (0.675,0.925,0.950) (0.550,0.800,0.950) (0.100,0.350,0.600) (0.450,0.700,0.950)
Cis  (0.725,0.975,1.000) (0.450,0.700,0.950) (0.500,0.750,1.000) (0.225,0.475,0.725) (0.500,0.750,1.000) (0.500,0.750,1.000) (0.600,0.850,1.000) (0.500,0.750,1.000)
Co1  (0.750,1.000,1.000) (0.750,1.000,1.000) (0.750,1.000,1.000) (0.750,1.000,1.000) (0.750,1.000,1.000) (0.750,1.000,1.000) (0.750,1.000,1.000) (0.750,1.000,1.000)
C22  (0.750,1.000,1.000) (0.500,0.750,1.000) (0.750,1.000,1.000) (0.350,0.600,0.850) (0.000,0.250,0.500) (0.725,0.975,1.000) (0.100,0.350,0.600) (0.325,0.575,0.825)
C23  (0.100,0.350,0.600) (0.100,0.350,0.600) (0.100,0.350,0.600) (0.100,0.350,0.600) (0.100,0.350,0.600) (0.100,0.350,0.600) (0.100,0.350,0.600) (0.100,0.350,0.600)
C24  (0.200,0.450,0.700) (0.000,0.250,0.500) (0.200,0.450,0.700) (0.000,0.250,0.500) (0.200,0.450,0.700) (0.200,0.450,0.700) (0.200,0.450,0.700) (0.200,0.450,0.700)
Cys  (0.725,0.975,1.000) (0.100,0.350,0.600) (0.500,0.750,1.000) (0.000,0.250,0.500) (0.600,0.850,1.000) (0.750,1.000,1.000) (0.350,0.600,0.850) (0.600,0.850,1.000)
Cs1  (0.725,0.975,1.000) (0.100,0.350,0.600) (0.500,0.750,1.000) (0.350,0.600,0.850) (0.500,0.750,1.000) (0.475,0.725,0.975) (0.500,0.750,1.000) (0.500,0.750,1.000)
Cs»  (0.750,1.000,1.000) (0.225,0.450,0.700) (0.750,1.000,1.000) (0.000,0.250,0.500) (0.725,0.975,1.000) (0.350,0.600,0.850) (0.575,0.825,0.975) (0.500,0.750,1.000)
Csz  (0.750,1.000,1.000) (0.325,0.550,0.800) (0.725,0.975,1.000) (0.325,0.575,0.825) (0.750,1.000,1.000) (0.725,0.975,1.000) (0.725,0.975,1.000) (0.725,0.975,1.000)
Cas  (0.750,1.000,1.000) (0.225,0.475,0.725) (0.750,1.000,1.000) (0.100,0.325,0.575) (0.725,0.975,1.000) (0.725,0.975,1.000) (0.750,1.000,1.000) (0.500,0.750,1.000)
Cs  (0.750,1.000,1.000) (0.225,0.475,0.725) (0.725,0.975,1.000) (0.000,0.250,0.500) (0.750,1.000,1.000) (0.750,1.000,1.000) (0.350,0.600,0.850) (0.500,0.750,1.000)
Cs  (0.500,0.750,1.000) (0.500,0.750,1.000) (0.500,0.750,1.000) (0.500,0.750,1.000) (0.500,0.750,1.000) (0.500,0.750,1.000) (0.500,0.750,1.000) (0.500,0.750,1.000)
Cs3  (0.500,0.750,1.000) (0.500,0.750,1.000) (0.500,0.750,1.000) (0.500,0.750,1.000) (0.500,0.750,1.000) (0.500,0.750,1.000) (0.500,0.750,1.000) (0.500,0.750,1.000)
Cus (0.600,0.850,1.000) (0.325,0.575,0.825) (0.500,0.750,1.000) (0.325,0.575,0.825) (0.600,0.850,1.000) (0.600,0.850,1.000) (0.475,0.725,0.975) (0.500,0.750,1.000)
Cs1 (0.500,0.750,1.000) (0.000,0.000,0.250) (0.500,0.750,1.000) (0.000,0.000,0.250) (0.575,0.825,0.975) (0.725,0.975,1.000) (0.000,0.250,0.500) (0.500,0.750,1.000)
Cs»  (0.750,1.000,1.000) (0.275,0.525,0.775) (0.750,1.000,1.000) (0.250,0.500,0.750) (0.750,1.000,1.000) (0.600,0.850,1.000) (0.750,1.000,1.000) (0.725,0.975,1.000)
Csz  (0.750,1.000,1.000) (0.475,0.725,0.975) (0.750,1.000,1.000) (0.250,0.500,0.750) (0.750,1.000,1.000) (0.500,0.750,1.000) (0.750,1.000,1.000) (0.500,0.750,1.000)
Css  (0.750,1.000,1.000) (0.225,0.475,0.725) (0.725,0.975,1.000) (0.100,0.350,0.600) (0.750,1.000,1.000) (0.750,1.000,1.000) (0.475,0.725,0.975) (0.725,0.975,1.000)
Ce1 (450,530,550) (420,450,500) (460,480,510) (150,200,250)  (1000,1200,1400) (720,758,800) (360,390,410)  (1200,1300,1500)
Ce2 (20,25,30) (10,13,15) (20,25,30) (10,15,20) (45,56,60) (15,18,20) (10,12,15) (40,44,50)
Cs3  (0.600,0.850,1.000) (0.200,0.450,0.700) (0.600,0.850,1.000) (0.100,0.350,0.600) (0.600,0.850,1.000) (0.600,0.850,1.000) (0.600,0.850,1.000) (0.500,0.750,1.000)
Ces  (0.600,0.850,1.000) (0.000,0.225,0.475) (0.500,0.750,1.000) (0.100,0.350,0.600) (0.725,0.975,1.000) (0.500,0.750,1.000) (0.225,0.475,0.725) (0.500,0.750,1.000)

Table 4. The aggregated importance values of criteria and Table 5. The transformation values of criteria and sub-

sub-criteria criteria

Criterion Aggregated Weights Criterion Transformation values
Ci (0.600,0.850,1.000) C1 0.771
Cu (0.700,0.950,0.975) Cu 0.846
Cu (0.475,0.725,0.975) Ci2 0.680
Cis (0.350,0.600,0.850) Cis 0.580
Cua (0.550,0.800,0.950) Cua 0,729
Cis (0.450,0.700,0.950) Cis 0.660
Cis (0.500,0.750,1.000) Cis 0.700
Cz (0.475,0.725,0.975) Cz 0.680
Ca (0.750,1.000,1.000) Cz 0.889
Ca (0.500,0.750,1.000) Ca2 0.700
Cas (0.000,0.250,0.500) Cas 0.300
Cos (0.200,0.425,0.675) C2a 0.444
Cos (0.325,0.575,0.825) Czs 0.560
Cs (0.100,0.350,0.600) Cs 0.380
Ca1 (0.350,0.600,0.850) Ca1 0.580
Cs2 (0.325,0.575,0.825) Ca2 0.560
Css (0.600,0.850,1.000) Css 0.771
Cas (0.350,0.600,0.850) Cas 0.580
Ca (0.475,0.725,0.975) Ca 0.680
Ca (0.725,0.975,1.000) Ca 0.868
Ca (0.725,0.975,1.000) Ca 0.868
Cus (0.725,0.975,1.000) Ca 0,868
Cus (0.725,0.975,1.000) Cu 0.868
Cs (0.325,0.575,0.825) Cs 0.560
Cs1 (0.225,0.475,0.725) Cs1 0.480
Cs2 (0.500,0.750,1.000) Cs2 0.700
Css (0.475,0.725,0.975) Css3 0.680
Csa (0.750,1.000,1.000) Csa 0.889
Cs (0.725,0.975,1.000) Cs 0.868
Ce1 (0.475,0.725,0.975) Ce1 0.680
Ce2 (0.100,0.325,0.575) Ce2 0.364
Ces (0.300,0.550,0.700) Ces 0.521
Ce4 (0.575,0.825,0.975) Ces 0.750
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The transformation values of normalized fuzzy evaluations
are calculated by means of Equation 12. The results are listed

Table 8. Final FI values and ranking

- Alternatives Fl Ranking
in Table 6. Py 08602 3
A values of fuzzy ratings and fuzzy integral values of entire EZ 8;%2 ?
options according to each criterion are calculated by means P3 0.8276 6
of Equation (4-7) by setting g(4;) = g* = RW;. The results P; 0.8438 4
are listed in Table 7. Pe 0.8602 )
Final fuzzy integral values are calculated, and options are E; 8'338; 3
ranked according to final fuzzy integral values in decreasing :
order. The results are listed in Table 8.
Table 6. The transformation values of normalized fuzzy evaluations
Sub Criterion Rl1jk Rl2jk Rl3jk Rlajk Rlsjk Rlsjk Rl7jk Rlsjk
Cu 0.868 0.480 0.868 0.283 0.700 0.771 0.771 0.700
Ci2 0.852 0.333 0.852 0.333 0.744 0667 0.467 0.667
Cis 0.826 0.462 0.703 0.385 0.703 0826 0.703 0.615
Cus 0.862 0.138 0.688 0.313 0.761 0.688 0.862 0.688
Cis 0.862 0.295 0.688 0.295 0.862 0.761 0.396 0.688
Cis 0.836 0.585 0.634 0.366 0.634 0.634 0.718 0.634
Ca 0.667 0.667 0.667 0.667 0.667 0.667 0.667 0.667
Ca2 0.889 0.700 0.889 0.580 0.300 0.868 0.380 0.560
Cas 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500
Ca 0.605 0.395 0.605 0.395 0.605 0.605 0.605 0.605
Cas 0.868 0.380 0.700 0.300 0.771 0.889 0.580 0.771
Ca1 0.855 0.326 0.674 0.543 0.674 0.652 0.674 0.674
Ca2 0.889 0.465 0.889 0.300 0.868 0.580 0.750 0.700
Cs3 0.844 0.384 0.815 0.405 0.844 0.815 0.815 0.815
Cas 0.878 0.435 0.878 0.308 0.855 0.855 0.878 0.674
Ca 0.889 0.480 0.868 0.300 0.889 0.889 0.580 0.700
Ca2 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500
Cu 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500
Cus 0.686 0.405 0.595 0.405 0.686 0.686 0.568 0.595
Cs1 0.700 0.111 0.700 0.111 0.750 0.868 0.300 0.700
Cs2 0.857 0.400 0.857 0.375 0.857 0.711 0.857 0.831
Css 0.857 0.600 0.857 0.375 0.857 0.625 0.857 0.625
Cosa 0.878 0.435 0.855 0.326 0.878 0.878 0.652 0.855
Ce 0.721 0.766 0.749 0.946 0.258 0.547 0.818 0.167
Ce2 0.682 0,924 0.682 0.864 0.165 0.829 0.933 0.327
Ce3 0.750 0.413 0.750 0.326 0.750 0.750 0.750 0.674
Cea 0.229 0.717 0.300 0.620 0.132 0.300 0.520 0.300
Table 7. A values of fuzzy scales and FI values criterion has an important effect on ranking. Also, it can be
3 S C3 C s . emphasized that reasonable costs for projects and other
00991 09935 007935 09997 -0.094 -0.07036 reqm_rem(_er?ts must meet_ on a common ground for the
P 0730 0618 0.679 0859 0875 0694 sustainability of R&D activities.
Pz 0550 0683 0.441 0.499 0544 0.804 Previously, several researchers have used different fuzzy
Ps 087 087 089 080 0856 0709 MCDM techniques for project selection. These methods
Pe 03720652 0477 0498 0369 0863 possess several advantages such as the consideration of
Ps 0825 0717 086 0859 0369 0498 imprecision and vagueness inherent in the problem, but they
Pe 0801 0853 0823 089 0867 0698 also incorporate some shortcomings Defuzzificétion has
Pz 0.834 0.655 0.844 0.577 0.836 0.828 . ' .
Pe 0698 0721 0787 0684 0848 0492 been commonly used in fuzzy MCDM methods. Freeling

When the results are examined, Ps, P and P; can be thought
as the most appropriate projects considering technical,
financial and national issues. If Ps and P7 are considered,
they were expected to be in higher position in ranking since
they have high scorings. Their rankings can be explained by
investment cost. Both Ps and P7 have higher investment cost
than the others. Therefore, it can be said that this sub-

[34] stated that by reducing the whole analysis to a single
number, much of the information which has been
intentionally kept throughout calculations is lost. Thus,
defuzzification might essentially contradict with the key
objective of minimizing the loss of information throughout
the analysis. Moreover, obtaining pairwise comparisons in
widely used techniques such as AHP and ANP may become
quite complex especially when the number of attributes
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and/or alternatives increases. Apart from this, Saaty and Tran
[35] claimed that uncertainty in the AHP was successfully
remedied by using intermediate values in the 1-9 scale
combined with the verbal scale and that seemed to work
better to obtain accurate results than using fuzzy AHP. Fuzzy
TOPSIS and fuzzy VIKOR assume mutual independence of
attributes, which can be highly restrictive for decisions
processes that usually incorporate inner dependencies among
attributes.

5. DISCUSSIONS AND CONCLUSIONS

Today, due to the rapid globalization, achieving competitive
advantage is based on the information. Information is
changed into science and technology with research and
development studies. The sustainable development of a
country is only possible conceivable by expanding the data
content and by changing the increasing information into
science and technology. Thus, research and development
have great importance. Determining the most appropriate
R&D project that match up with the organization’s goals is
getting much more importance under restricted resources,
since the projects that contribute to technical and economic
success have a constructive effect. Such projects also
accommodate the organization composing a list of
preferential projects that will develop the success and will
provide a comprehensive extent and strategic way for the
organization. R&D project selection constitutes a significant
part of project management in order to achieve the desired
results and outputs. Therefore, R&D project selection is a
challenging process for the organizations, since it includes
evaluation of a wide range of factors, including economic,
technical, strategic etc. It is also a complex procedure with a
characteristic of multi steps, a group of decision-maker, who
have diverse ideas and experiences, multiple and conflicting
objectives, imprecision in forecasting future achievement
and high risk in projects. It can be predicted that a
considerable effort needs to determine the best alternative.
For this reasons, decision-maker require a scientific guide to
select and evaluate R&D projects.

In this study, OWA integrated fuzzy integral method is
implemented to select the best R&D project in a company
which has a R&D center authorized by Turkish Ministry of
Industry and Technology. Selection criteria are determined
by means of literature review and experts’ opinions. A
hierarchical structure for criteria including 6 main criteria
and 27 sub-criteria are constructed. Structuring the criteria in
a multi-level hierarchy enables to conduct more effective
analysis when a large number of performance attributes are
to be considered in the evaluation process. 4 decision-makers
and 8 projects take part for selection process. OWA
aggregation method is applied to weight decision makers and
aggregate their ratings. In project selection process that
considers multiple conflicting criteria, determining the
weights of criteria, and the ratings of alternatives is difficult.
Decision makers attempt to weight criteria and alternatives
according to her/his own preference and her/his own past
experiences. Nevertheless, such individual knowledge is
difficult to gain due to the following causes: (1) decision
maker(s) does not have enough time and energy completely
understand such problems; (2) decision maker(s) might have
limited information and experience to evaluate criteria; and

(3) decision maker(s) preferences may change with time.
Thus, the use of an appropriate aggregation operator, which
reflects the real behavior of the group is essential. OWA
implements different aggregation rules by changing the order
weights, and it encompasses other aggregation operators.
The results of the analysis provide ranking of alternative
R&D projects in the case company. It also shows that
technological, environmental, marketing, organizational,
national and financial issues should be considered
simultaneously in the evaluation process. The proposed
method is shown to be efficient, generalizable and practical
and it has several significant merits compared to the other
methods.

In this study, four experts are provided the evaluations. From
a statistical point of view, this number is insufficient. This
issue can be stated as a limitation of the study. However, with
a rapid increase in competition and restrictions of financial
capabilities, R&D projects evaluation becomes crucial for
the organizations. Furthermore, interdependency between
organization resources and complicated projects make
project decisions much more problematic. Thus, the
evaluation is conducted by a committee of four decision
makers that includes general manager, R&D center director,
design team leader and project manager, who are specialists
on project management. In order to make a robust decision
the use of many more experts in divers disciplines requires
the elimination of the outliers by employing an analytical
method, which will be addressed in the future researches.
Moreover, implementing the proposed methodology to real-
world group decision making problems in diverse disciplines
and extensions of the proposed methodology by combining
both subjective and objective importance weight
assessments of the criteria and related sub-criteria might be
the subjects of the future researches.
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Abstract

Today, coding is not a field that belongs only to software developers; it has become a field of interest to many people from
different professions. The coding education designed for elementary school level resulting from the changes made in the
curriculum has led to teaching analytical thinking to children. Deciding the most suitable software for children among all the
options is an important issue. This paper aims to extend the classical Analytical Hierarchy Process (AHP) and look at the
spherical fuzzy analytical hierarchy (SF-AHP) method to show its applicability to the problems of coding software program
selection for children through a comparative analysis using Pythagorean AHP (PF-AHP). After performing the analysis by using
the proposed method, it was found that technological facilities, diversity, cost and environmental conditions were the most critical
factors according to SF-AHP and PF-AHP methodologies. According to these criteria, the educational programming platform

‘Tynker’ was determined to be the best alternative using both these methods.

Keywords: Multi Criteria Decision Making, AHP, Spherical Fuzzy-AHP, Pythagorean Fuzzy-AHP

1. INTRODUCTION

AHP is one of the most preferred multi-criteria decision-
making methods. The hierarchical order in this method was
developed by Saaty [1]. The purpose of the decision making
is located at the highest level. The main criteria and sub
criteria— if any — under the main criteria are located one level
lower. Below that there are decision options, namely
alternatives. AHP can be easily applied with many criteria
and is a very effective method in making group decisions.
The flexibility of the result can be easily tested thanks to
sensitivity analysis. AHP can make both quantitative and
qualitative criteria evaluations in decision making. It can
involve the preferences, judgments, intuition and
experiences of the group or individual in the decision
process. It is one of the most useful multi-criteria, decision-
making methods enabling complex problems to be solved
using a hierarchical structure.

The decision-making process is a complex process as it
involves many different factors. In this process, preferences,
intuition, experiences, judgments, opinions, and objective or
subjective evaluations can make decision-making more
difficult. Therefore, classical logic may be insufficient for
decision making. Also, since the human mind is quite
complex in terms of mentality and decision making, an
approach different from classical logic is required in this
process. There is a ‘true’ or ‘false’ state in the classical logic

Attribution (CC BY) license https://creativecommons.org/licenses/by/4.0/

system. In this system, it is thought that a third possibility is
impossible to realize and such situations are usually called
paradoxes. Classical logic has the two values (0, 1), while
fuzzy logic has values in the range [0, 1]. The main idea of
fuzzy logic is that a proposition can be ‘true’, ‘false’, ‘very
true’, ‘very false’, ‘approximately true’ or ‘approximately
false’. In other words, truth is a function that relates values
in a set containing infinite numbers of truth values between
the classical ‘true’ and ‘false’ or numerically to a range of
real numbers [0, 1]. This statement is accepted as a result of
Zadeh’s [2] first work on fuzzy logic. Although the classical
fuzzy set theory developed by Zadeh works well to overcome
the shortcomings experienced by the decision maker in
decision making, the complexity of human decisions and the
diversity of linguistic expressions have led researchers to
seek other approaches in this area. Therefore, Torra [3]
defined multi-fuzzy sets, in other words, fuzzy sets with
more than one membership. Then, Rodriguez et al. [4]
conducted a series of studies to examine these sets and to
enrich the content of linguistic expressions. Thus, it was
made possible to use richer expressions in a more flexible
and impressive way when comparing two alternatives. Over
the years, many studies have been carried out in this area and
the studies have made significant contributions to published
literature. Studies on fuzzy sets are shown in Figure 1 [5].
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Figure 1. Extensions of Fuzzy Sets

In this study, a decision-making model based on spherical
fuzzy sets was developed for the selection of applications to
teach children coding. This selection problem involves
uncertainty. Coding education, which has been included to
start in the elementary school curriculum, gives children an
edge in their analytical thinking, creativity and problem-
solving skills, as well as success in computer science. Studies
have shown that children who learn coding can create more
practical solutions to the problems they encounter, and they
are better at evaluating the results. Coding education also has
a structure that sets goals for success and makes it intriguing
for children who achieve these goals step by step. In recent
years, developments in the area of coding has led to diversity
in user profiles. Platforms have been created for children in
the field of coding, and fun and instructive software has been
designed to appeal to their level. However, the fact that each
software program has different features makes it difficult to
choose an appropriate environment for children. It is
necessary to determine the objectives of using the software
in coding education and to choose the appropriate software
program accordingly. Comparison and selection of these
software programs is very important and requires the utmost
diligence. Educational software should be suitable for the
development of the child in a way that they can make
progress according to their own pace and knowledge levels.
Choosing the right coding software is also very important in
terms of contributing to the learning of students who will use
the software, achieving the teaching goals, keeping the
students’ attention focused and boosting their motivation.

In this research, case study included four criteria, three sub
criteria under each criterion, and four alternatives were
presented. This decision model integrated the analytic
hierarchy process (AHP) with spherical fuzzy sets. The
difference in this study is that, for the first time, SF-AHP was
used to choose from among the platforms that teach coding
to children. In addition, the results in this study were cross-
checked using the Pythagorean fuzzy AHP method, and the
two methods were compared to overcome uncertainty and
achieve optimum results. SF-AHP enables decision makers
to independently reflect their uncertainty in the decision
process by using a linguistic evaluation scale based on
spherical fuzzy sets. Following the introduction in Part 1
which summarizes a literature review on fuzzy AHP, this
study consists of the following sections: Part 2 includes the
proposed multi-criteria decision-making (MCDM) technique
and the spherical fuzzy AHP method (SF-AHP). Part 3
applies the SF-AHP method to the problem of selecting a
platform to teach coding to children and it includes the
comparative analysis of SF-AHP and Pythagorean Fuzzy

Analytic Hierarchy Processes (PFAHP), and finally,
conclusions are drawn on the findings and some evaluations
are made in Part 4.

The notion that ‘Everything is a ranking problem’ forms the
basis for fuzzy logic. In other words, fuzzy logic deals with
the degree of occurrence of events rather than with the
probability of occurrence. Fuzzy logic uses linguistic
variables such as ‘cold’, ‘warm’, ‘few’, ‘very few’, similar
to when one person is talking to another or explaining
something. Fuzzy logic can be called the real-life application
of mathematics [6]. A fuzzy set is a class of objects that has
a continuity of membership degrees. Such a set is
characterized by a membership function that assigns a
membership degree ranging from zero to one for each object.
Fuzzy sets and fuzzy logic are powerful mathematical tools
for modeling commonsense reasoning in the decision-
making process without complete and precise knowledge of
uncertain systems in industry, nature and humanity. Their
role is important when applied to complex phenomena that
cannot be easily described by traditional mathematical
methods, especially when the goal is to find a good
approximate solution [7].

Providing a broader framework than classical set theory,
fuzzy set theory contributes to the ability to reflect the real
world [8]. Modeling using fuzzy sets has proven to be an
effective way to formulate decision-making problems when
available information is subjective and uncertain [9]. With
the increase of type-2 fuzzy logic studies since the late
1990s, fuzzy logic theory, which has been used in fuzzy logic
applications up to the current time, is now regarded as type-
1 fuzzy logic for the first time in published literature [10].
Fuzzy logic theory is based on computation with fuzzy sets,
which is an extension of classical sets called ‘sharp sets’ in
the context of fuzzy logic. In classical set theory, in those
cases where each object may or may not be an element of a
particular set, the membership of each object in a particular
set is determined by a degree, called ‘membership degree’.
In type-1 fuzzy sets, the membership degree is defined by a
definite number within the interval [0,1], whereas in type-2
fuzzy sets, the membership degree is fuzzy in itself and is
generally considered to be a secondary membership
function. If the secondary membership function is — at most
— 1 at each point, it has a type-2 set range. Thus, type-2 fuzzy
sets contain a third dimension and an area occupied by some
uncertainty, and it provides an extra degree of freedom to
overcome those uncertainties. Type-2 fuzzy logic, a new
expansion of fuzzy logic, can model uncertainties and reduce
their effect due to the fuzzy membership function and its
third dimension. When the uncertainties disappear, type-2
fuzzy logic can be reduced to type-1 fuzzy logic.

The concept of a type-2 fuzzy set was introduced by Zadeh
as an extension of an ordinary fuzzy set (type-1 fuzzy set).
These sets are fuzzy sets whose membership degrees are
themselves type-1 fuzzy sets; they are very useful in
situations where it is difficult to determine the full
membership function for a fuzzy set. Therefore, they are
useful in including uncertainty [11]. After Zadeh’s (1965)
pioneering work, fuzzy set theory has been expanded in
several directions [12]. Recently, based on expanded forms
of the fuzzy set, Torra proposed a new generalized fuzzy set
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called the hesitant fuzzy set (HFS), which provides new
perspectives for further research on decision making in
uncertain environments [13]. HFS provides many
advantages compared to the traditional indefinite set and its
other extensions, especially in group decision making with
anonymity [14]. Torra also defined the complement, union
and intersection of HFSs. Torra and Narukawa (2009)
presented an extension principle allowing existing
operations on fuzzy sets to be generalized to HFSs and
described the implementation of this new set in the decision-
making framework. Since the possible values of membership
degrees in an HFS are random, the HFS is somewhat more
natural than any other expansion of the fuzzy set as regards
uncertainty and its representation. It should be noted that
modeling fuzzy information with other forms of expanded
fuzzy sets is based on obtaining single or range values that
should include and express the information provided by
decision makers (or experts) when determining the
membership of an object to another object [15]. As Yu
(1973) points out, “When a group of individuals plan to form
a company with themselves as shareholders or form a union
to increase their total bargaining power, they often find some
disagreement among themselves. Conflicts are different
from subjective evaluations of emerging decision-making
problems”. Since decision makers (or experts) could have
different views on alternatives due to their different
knowledge or experience, and cannot easily convince each
other, it can sometimes be difficult to get a consensus, but
there are several possible assessment values. HFS is suitable
for solving this problem and is more powerful than any other
extended fuzzy set [16]. In intuitionistic fuzzy sets (IFS), the
computational complexity is greater because two types of
uncertainties are involved. However, when better results are
desirable, especially in the diagnosis of medical images
where uncertainty is high, it becomes easier to obtain
accurate results. Therefore, researchers try to use it in real-
time practices [17].

While Zadeh’s fuzzy set theory was modeled to show only
the degree of membership defined in the range of [0,1],
Atanassov’s intuitionistic fuzzy set theory also defined the
degree of non-membership in addition to the membership
degree. In the intuitionistic fuzzy set theory, both
membership and non-membership degrees are in the range
[0,1]. Looking from this point of view, the sum of
membership and non-membership degrees in traditional
fuzzy set theory is calculated to be 1. However, the sum of
these two parameters need not be 1 in intuitionistic fuzzy set
theory. The intuitionistic fuzzy set is a powerful tool in case
of uncertainty. A prominent feature of the intuitionistic fuzzy
set is that it assigns a membership degree and a non-
membership degree to each element, and therefore it
constitutes an extension of Zadeh’s fuzzy set, which assigns
only one membership degree to each element. When
published literature was examined, studies related to the
method in question included Bustince et al. who defined
some intuitionistic fuzzy generators and investigated the
presence of equilibrium points and binary points, Szmidt and
Kacprzyk’s study of an unlikely type of entropy
measurement for A-IFSs, Mondal and Samantain’s
introduction of the concept of intuitionistic openness grading
on fuzzy subsets of a non-empty set and studies for
intuitionistic fuzzy topological field definition [18]. In

addition, Deschrijver and Kerre established the relationships
between A-IFS fuzzy sets, range-valued fuzzy sets and
range-valued A-IFSs, while Bustince and Burillo, and
Deschrijver and Kerre, investigated the composition of
intuitionistic fuzzy relationships. Dudek et al. considered the
intuitionistic fuzziness of the concept of sub-hyper
quasigroups in a hyper quasigroup and explored some
properties of such sub-hyper quasigroups.

In the decision-making process, decision makers can make
their own assessment of each of the alternatives. Some
factors that affect decision makers in an uncertain
environment cause them to be unable to determine exact
values. Fuzzy logic is applied to deal with those
uncertainties. The Pythagorean fuzzy set is built on two basic
functions. These are membership and non-membership
functions. Pythagorean fuzzy set logic is more concerned
with the uncertainty of these two basic functions. It helps to
model the uncertainties and subjective statements of decision
makers in the best way [19]. The Pythagorean fuzzy set
generalized by Yager is a new tool for overcoming
uncertainty given the degree of membership p meeting the
condition p2 + v2<l and the non-membership value v.
Pythagoras fuzzy sets (PFS) are an effective generalization
of the intuitionistic fuzzy set with a membership value and
the square sum of these values is less than or equal to 1 [20].
AHP is a powerful and flexible MCDM tool that constructs
a complex decision-making problem hierarchically at several
different levels considering both qualitative and quantitative
features [21]. AHP combines both subjective and objective
evaluations in a holistic framework based on ratio scales in
simple pairwise comparisons and helps the analyst to
organize critical aspects of a problem in a hierarchical
structure. MCDM can measure the consistency of the
decisions of a decision-maker. Instead of measuring weights,
two-way comparisons allow weights of criteria and
alternative scores to be derived from comparison matrices.
AHP helps decision-makers organize the criteria and sub
criteria of a problem in a hierarchical structure similar to a
family tree [22]. In the classical method, the evaluations of
decision makers are represented as definite numbers.
Nevertheless, fuzzy logic provides a mathematical capability
that can be used to capture the uncertainties accompanying
the human cognitive process in cases where decision makers
cannot express their evaluations with definite numbers [23].
Therefore, the original AHP method has been extended to
several fuzzy versions with the aim of improvements in spite
of missing information and uncertainties.

2. MATERIALS AND METHODS

The proposed spherical fuzzy AHP method in this study
consists of several steps described in the following section.
The flow chart for the method used in Figure 2 (in part 3) is
shown to clearly illustrate the principles of the study.

e Step 1. A hierarchical structure is created.

e Step 2. Two-way comparisons are constructed using
spherical fuzzy judgment matrices based on the linguistic
terms given in Table 1. Equations (1) and (2) are used to
obtain the score indices (SI) in Table 1.
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Table 1. Linguistic measures of importance

Linguistic measures of importance used for pairwise
comparisons

Score
(n, v, M) Index
(Sh

Absolutely more important (AMI) (0.9, 0.1, 0.0) 9
Very high importance (VHI) (0.8,0.2,0.1) 7
High importance (HI) (0.7,0.3,0.2) 5
Slightly more important (SMI) (0.6,0.4,0.3) 3
Equally important (El) (0.5,0.4,0.4) 1

Slightly low importance (SLI) (0.4,0.6,0.3) 1/3

Low importance (LI) (0.3,0.7,0.2) 1/5
Very low importance (VLI) (0.2,0.8,0.1) 1/7

Absolutely low importance (ALI) (0.1, 0.9, 0.0) 1/9

st= J[100+ [, —m2)? - (o5, — 7

for AMI, VHI, HI, SMI, and ElI 1)
1_ 1

o \]|100*[(uzs_n35)2_(vzs_ﬂﬁs)z]l

for EI, SLI, LI, VLI and ALI 2

e Step 3. The consistency of pairwise comparison matrices
is checked.

e Step 4. The spherical fuzzy local weights for criteria and
alternatives are calculated.

Using the SWAM operator given in Equation (3), the weight
of each alternative is then determined.

SWAM,, (A51, ,Asn) =

n ) % n n )
-] Ja- uzsi)””] J e, []_[(1 —13,)"
i=1 i=1 i=1

1
n 2
_| | 2 2 wi
(1 uAsi T[Asi)
i=1

where w =1/n. 3)

e Step 5. A hierarchical ranking of layers is created to
obtain overall weights.

Criterion weights are made fuzzy using equation (4) and the
score function (S).

It is normalized by equation (5).

The spherical fuzzy product given by Eq. (6) is applied.

s@) = |

S(W3)

100 * [(3;1,4-5 — sz (s T[AS)ZH Q)

2

S — ~J7
TR s ©
~ o wS W
Asij = WJF'ASi = <(1 - (1 - I'lfis) ]),/U’As); ((1 B
s wino .
“%S)W] — (1 — p_%s — T[gsz) 1)2> Vi (6)

The final spherical fuzzy AHP score (F), for each alternative
A\, is obtained by carrying out the spherical fuzzy arithmetic
addition over each global preference weights, as given in Eq.

(7
F= Z7=1ASU = ASn ©® Asiz D Asin Vi (7
i.e. ASu ® A512 =
2 2
<(u§su + ufislz — ., u“7512)1/2 U ag Vi, (1 _

2 2 - 2 2 2 1/2
I’1‘45'12) T[AS11 + (1 HASII) T[AS12 - IJ“1511 IJ“1512 ) >

e Step 6. The final score for each alternative is determined
using the score function given by Eq. (4).

e Step 7. Alternatives are ranked according to their point
scores. The largest value indicates the best solution [24].

3. FINDINGS

| technological

== Z opportunities
: \

S

__ social media
oplions

"y

/ | diforent area
[ | oplons

coding e ol !
programme St e A
selection - =

B ¢nvironmental
conditions

Figure 2. Hierarchical structure for the main and sub criteria
Two-way comparisons are constructed using spherical fuzzy
judgment matrices and results are given below. Pairwise
comparison of main criteria is given in Table 2.
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This study was conducted to compare and select a software
program to be used to educate children in coding. A
comparison and selection of this software is very important
and should be done diligently. Four main criteria and 12 sub-
criteria are investigated in the study. The main criteria were
determined to be C1: Technology, C2: Diversity, C3: Price
and C4: Environmental Factors. Figure 2 shows the
hierarchical structure showing the main criteria and sub
criteria. The main and sub criteria were evaluated according
to the linguistic terms given in Table 1 by the decision-
making expert group. Pairwise comparison matrices were
calculated according to the corresponding numerical values
in the classical AHP method for the linguistic scale given in
Table 1. Paired comparisons and the spherical weights
obtained are given in Tables 2, 3, 4,5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 16, 17 and 18. Table 19 shows the weights of the
alternatives according to the spherical fuzzy evaluation. The
ranking of the alternatives compared is given in Table 20.

Table 2. Pairwise comparison of main criteria

Table 7. Pairwise comparison of alternatives caused by ease
of display screen interface

Ci11 we w
Al 0.67 0.31 0.25 0.32
A2 0.50 0.49 0.27 0.23
A3 0.35 0.63 0.27 0.16
A4 0.60 0.38 0.28 0.29

Table 8. Pairwise comparison of alternatives caused by use
of mobile application

Ci12 we w
Al 0.77 0.22 0.18 0.37
A2 0.64 0.36 0.24 0.29
A3 0.44 0.55 0.29 0.19
Ad 0.35 0.64 0.28 0.15

Criteria we w
C1 0.77 0.22 0.18 0.37
C2 0.56 0.43 0.29 0.25
C3 0.50 0.49 0.28 0.23
C4 0.34 0.65 0.26 0.15

Using Eq. (4), w® scores were obtained and the results are
given below.

Table 3. Pairwise comparison caused by technological
opportunities

Table 9. Pairwise comparison of alternatives caused by use
offline

C13 we w
Al 0.57 0.41 0.30 0.28
A2 0.49 0.49 0.33 0.23
A3 0.61 0.37 0.30 0.30
Ad 0.39 0.59 0.30 0.18

C1 w* w
C11 0.49 0.48 0.32 0.30
C12 0.39 0.58 0.31 0.24
C13 0.70 0.29 0.24 0.46

Table 10. Pairwise comparison of alternatives caused by age
options

c21 we w
Al 0.43 0.54 0.33 0.20
A2 0.54 0.44 0.33 0.26
A3 0.55 0.40 0.35 0.27
Ad 0.55 0.40 0.35 0.27

Table 4. Pairwise comparison caused by variation

C2 w* w
Cc21 0.71 0.29 0.23 0.43
C22 0.67 0.32 0.27 0.39
Cc23 0.33 0.66 0.27 0.18

Table 5. Pairwise comparison caused by cost

Table 11. Pairwise comparison of alternatives caused by
different area options

C22 w* w
Al 0.65 0.35 0.25 0.30
A2 0.49 0.51 0.26 0.22
A3 0.71 0.28 0,.23 0.33
A4 0.33 0.65 0.26 0.14

C3 w* w
C31 0.79 0.20 0.18 0.49
C32 0.35 0.63 0.28 0.20
C33 0.53 0.46 0.27 0.31

Table 6. Pairwise comparison caused by environmental
conditions

Table 12. Pairwise comparison of alternatives caused by use
of social media options

C23 we w
Al 0.44 0.51 0.35 0.21
A2 0.64 0.35 0.28 0.32
A3 0.44 0.51 0.35 0.21
A4 0.54 0.44 0.33 0.26

C4 we w
C41 0.38 0.60 0.31 0.22
C42 0.48 0.50 0.31 0.28
C43 0.79 0.20 0.18 0.50
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Table 13. Pairwise comparison of alternatives caused by Table 19. Spherical fuzzy weight matrix based on fuzzy
price approach

C31 we w Cl1 Cl2 Ci3 Ci4 C21 C22 (C23 (C24 C31 (C32 C33 C34
Al 039 057 032 017 026 019 013 023 020 015 011 018 036 027 019 032

Al 058 067 075 061 065 072 079 068 046 058 069 051

A2 0.68 0.31 0.23 0.32 038 037 034 039 037 035 032 037 035 035 033 036
A3 0.39 0.57 0.32 0.17 019 014 010 017 015 011 008 013 026 019 014 0.23
Ad 0.71 0.28 0.23 0.34 A2 066 072 079 068 071 077 082 073 057 0.66 074 0.60

040 038 035 040 038 036 033 037 038 037 034 039

Table 14. Pairwise comparison of alternatives caused by 017 012 009 015 013 010 007 01z 024 018 012 021

being fl’ee Of Charge A3 069 075 080 071 074 078 083 075 061 069 0.76 0.64

038 036 033 038 036 034 032 036 037 036 033 037

C32 w5 w 011 008 006 010 009 007 005 008 016 012 008 0.14
Al 069 028 026 033 A4 077 081 08 079 081 084 088 082 072 077 082 0.74
A2 043 057 028 019 034 032 030 034 032 031 028 032 034 032 030 034
A3 0.69 0.28 0.26 0.33 Score values and ranking obtained from SF-AHP approach
A4 0.36 0.63 0.28 0.16 is given in Table 20.
Table 15. Pairwise comparison of alternatives caused by Table 20. Score values and ranking obtained from SF-AHP
opportunity to purchase Approach
C33 we w Alternatives Score Value Ranking
Al 0.75 0.24 0.23 0.33 Al 28.13 4
A2 0.31 0.69 0.25 0.13 A2 28.73 3
A3 0.75 0.24 0.23 0.33 A3 28.91 2
A4 0.48 0.53 0.25 0.21 A4 29.42 1
Table 16. Pairwise comparison of alternatives caused by Tepe et al. (2020) suggested a fuzzy-based risk assessment
collaboration model to evaluate hazards in a real-case study using PFAHP.
- Pythagorean AHP and Neutrosophic AHP were successfully
c4a1 w w proposed in their work. In this study, the proposed
Al 0.65 0.35 0.25 0.30 methodology was compared with PF-AHP for the coding
A2 0.35 0.64 0.28 0.15 program selection. Table 21 presents the Pythagorean
A3 076 0.24 021 036 linguistic scale, which was used for the comparison purpose.
Ad 0.44 0.55 0.29 0.19 Table 21. Weighting scale for the PF-AHP method [25]
Table 17. Pairwise comparison of alternatives caused by PFN equivalents
advertisement Linguistic terms IVPF numbers
C42 W w pe pu Vi Vu
Al 0.76 0.24 0.21 0.35 Certainly Low Importance - CLI 0 0 09 1
A2 0.32 0.67 0.25 0.14
A3 0. 65 0.35 0.25 0.30 Very Low Importance - VLI 01 02 08 0.9
Ad 0.48 0.52 0.26 0.22 Low Importance - LI 02 035 065 08
Below Average Importance - BAl  0.35 045 055 0.65
Table 18. Pairwise comparison of alternatives caused by
Average Importance - Al 045 055 045 0.55

language options

Above Average Importance - AAl 055 0.65 035 0.45

C43 ws w _

Al 0.75 0.24 0.23 0.35 High Importance - HI 065 08 02 035
A2 0.37 0.61 0.30 0.16 Very High Importance - VHI 08 09 0.1 0.2
A3 0.66 0.31 0.28 0.30 Certainly High Importance - CHI 09 1 0 0
Ad 0.42 0.58 0.28 0.19

Exactly Equal - EE 0.197 0.197 0.197 0.197

Spherical fuzzy weight matrix based on fuzzy approach is

given in Table 19 The results obtained according to the PF-AHP method are

given in Table 22. According to the results obtained from this
method, alternative A4 is in first place.
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Table 22. Score values and ranking obtained from the PF-
AHP approach

Alternatives Score Value Ranking
Al 0.118 2
A2 0.116 3
A3 0.100 4
A4 0.148 1

According to the SF-AHP method, the ranking was A4, A3,
A2, Al, and according to the PF-AHP method, it was A4,
Al, A2, A3. The coding program named Tynker —
represented by A4 — is in first place in both methods. The
main reason for the difference in rankings is the different
assumptions for the two theories. The comparison of the
rankings according to both methods is given in Table 23.

Table 23. Comparative ranking values

Alternatives ~ SF-AHP Ranking PF-AHP Ranking

A4 1 1
A3 2 4
A2 3 3
Al 4 2

4. DISCUSSION AND CONCLUSION

Children will be able to make better use of their problem-
solving skills on issues they will encounter throughout their
educational life thanks to the coding knowledge they learn at
an early age. Coding software programs designed according
to the developmental levels of children aim their presentation
to children by using motivational methods that operate
through play instead of teaching coding directly. Today,
experts are trying to design coding software in a way that is
less complex and can be enjoyed by children. There are many
parameters to be considered in these studies. In this study,
treating the problem as Multi-Criteria Decision Making
allows more accurate decisions to be made, as it includes
many dimensions simultaneously.

Ease of user interface, availability of a mobile application,
availability of the program when it is offline, choosing
designs suitable for the age levels of the children, as well as
many other criteria such as the program’s pay/free/purchase
options or language options are the topics that software
developers should consider. The aforementioned criteria —
and more — have been generated from the problems and
experiences encountered in coding program selection for
children. In this study, these parameters were determined as
the main criteria and sub-criteria, and leading brands in the
sector were compared according to these criteria.

In the study, the problem of coding program selection for
children was successfully solved with SF-AHP and
compared by PF-AHP cross-checking. Addressing the
problem as SF and PF allows for more precise and more
flexible assessments. In addition, in this way, human
subjective evaluations can be easily adapted to the process.
Some differences were observed in the rankings due to the
different assumptions between both methods and the
linguistic scales they used. The use of fuzzy logic in this
study eased the evaluation process, which is difficult for

decision makers because of the differences in coding
program selection criteria and measurements. The
educational programming platform ‘Tynker’ was determined
to be the best alternative using both these methods.

In future studies, SF-AHP can be compared with other multi-
criteria decision-making extensions, such as intuitionistic
fuzzy or hesitant fuzzy sets. In addition, the methodology
suggested can be used in evaluation processes for different
problems and its robustness can also be tested for different
decision-making problems.
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Abstract

In this study, it is aimed to investigate the effect of the vaccine on the cases in the fight against Covid-19, which threatens the
whole world. The number of Covid-19 cases, which were tried to be reduced with various precautions all over the world and in
Tiirkiye, has become a new hope with the start of vaccination. The increase in the effect of the vaccination, which started in
January 2021, brought the need to examine the vaccination rate in three groups as slow, medium and fast. In this study, different
scenarios were tried in the number of vaccinations applied in Tiirkiye, and the daily number of cases until December 2021 was
forecasted by Artificial Neural Networks (ANN). The effect of restrictions and vaccination on the number of Covid-19 cases
was investigated. Different training algorithms were used and the best success rate was found with the comparison method.
Accurate forecasting of cases will let policy makers to take precautions on time. Moreover, the effect of vaccination on cases

should be investigated.

Keywords: Covid-19, Forecasting, Artificial Intelligence, Artificial Neural Networks (ANN), Daily Case.

1. INTRODUCTION

New studies and developments are constantly being carried
out in the fight against the coronavirus (Covid-19) pandemic,
which has been affecting worldwide for about two years. The
Covid-19 epidemic, which emerged in Wuhan, on December
1, 2019, has spread worldwide over time. When the disease
was seen in other countries, the World Health Organization
(WHO) declared a pandemic on January 30, 2020 [1,2]. A
new state of panic has occurred in the world with the
confirmation of Italy's first case on January 31, 2020. WHO
declared that Europe is the epicenter of the Covid-19 crisis
on March 13, 2020. The deaths in Italy on March 19, 2020,
leaving behind China, where the disease started, brought
about the danger of the disease and the need to find treatment
as soon as possible.

The precautions at the beginning of the pandemic are mostly
mask, distance and cleanliness. In addition, various
restrictions have been introduced. Human mobility was
reduced with various restrictions to prevent the spread of the
pandemic. Thus, it aimed to increase the protection of people
with weakened immunity against the possibility of
contamination. Although the restrictions seem to be
beneficial in reducing the risk of transmission, they affected
negatively in many areas such as the country's economy,
people's lifestyles, education systems, etc. The states applied
some restrictions against the possibility of the collapse of the

Attribution (CC BY) license https://creativecommons.org/licenses/by/4.0/

health systems when the number of seriously ill patients
increased. The first Covid-19 case was detected in a Turkish
citizen who returned from a European trip in Tiirkiye on the
night of 10 March 2020. The first Covid-19 case seen in
Tiirkiye has brought some restrictions. Serious restrictions
have been started to be considered due to reasons such as
lack of information about the virus, the health infrastructure
not being ready for Covid-19, and the lack of certain
treatment methods. Most of the countries tried to prevent the
epidemic by restricting mobility at the beginning of the
pandemic. Restrictions slowed the pace of the epidemic and
reduced the number of daily cases. Although restrictions
reduce the risk of transmission, they cannot eliminate the
disease. Thus, some vaccine studies developed for the
treatment of the disease. Vaccine studies, which have been
actively implemented, are becoming widespread day by day.
It has been observed that some precautions such as the
obligation to wear masks in the open air have been removed
in some countries where vaccination is sufficient. Looking at
this information, it is understood that the vaccine is the most
important factor in the fight against Covid-19.

In this study, the effect of vaccination and restriction on the
number of daily cases was investigated. The daily number of
cases was forecasted by considering the weekend & evening
curfews, partial & full closure, and controlled normalization
periods applied from March 2020 to July 2021. The success
rates obtained using different training functions were

https://dergipark.org.tr/tr/pub/apjess


https://orcid.org/0000-0001-9116-4980
https://orcid.org/0000-0002-9915-4776
https://orcid.org/0000-0002-3640-7676
https://orcid.org/0000-0002-5233-151X

YILDIZ et al.

Forecasting the Impact of Vaccination on Daily Cases in Tiirkiye for Covid-19

compared for these estimations. The effect of Covid-19
vaccination was included in the study with the start of
vaccination in Tiirkiye on January 13, 2021. The purpose of
this study; is by determining the number of cases for the
future, reduce the hospital density, and direct the restrictions
to be taken according to the number of cases. In addition, it
is to raise people's awareness by explaining the effect of
vaccination on the number of cases.

2. LITERATURE REVIEW

The lack of information about the Covid-19 allowed many
studies. As a result of each research, new various findings
were obtained. Daniel mentions the damage of Covid-19 to
education. He aimed to minimize these damages caused by
Covid-19 and ensure the education sector's continuity with
his proposal [3]. When Covid-19 first appeared in Wuhan, it
could not determine the diagnosis of Covid-19 quickly due
to reasons such as the world was not ready for such an
epidemic, the necessary precautions were not taken, and the
epidemic spread rapidly. Alazab et al. diagnosed Covid-19
disease using Deep Convolution Neural Network (CNN).
They completed the detection process by obtaining an F-
score between 95-99% in their data consisting of 1000 chest
X-rays. In addition, using 3 different forecasting algorithms,
they estimated the number of patients who will get Covid-19
disease in 7 days [4,5].

Najmul Hasan used a hybrid structure consisting of
Ensemble Empirical Mode Decomposition (EEMD) and
ANN for Covid-19 case detection. He examined the period
between 22 January and 18 May 2020. In his examination,
he decomposed the signals with EEMD and separated them
from their noise. After this process, he trained with ANN.
The result of his training gave better results than traditional
methods [6]. Ardabili et al. estimate the number of Covid-19
cases globally with the Grey Wolf Optimizer based ANN.
They used the cases for training between January 22 and
September 15, 2020, and the number of cases between
September 16 and October 15, 2020, for testing. They
obtained 6.23 Mean Absolute Percentage Error (MAPE) in
their training and 13.15 MAPE results in the test process [7].

Ozen et al. estimated the number of cases for the USA using
the Python and R programming languages. They compared
the error rates of algorithms such as polynomial regression
and linear regression. As a result, they suggested that the
estimations should be made with polynomial regression
since the error rate of the linear regression algorithm was low
[8]. Ankarali et al. forecasted the number of intensive care
beds and respiratory devices for April 2020 with Gompertz
and Time-series models. They made an estimation of the
number of intensive care patients per day for a month [9].
Rustam and friends forecast the number of Covid-19 cases
using the MLS model in their study named Covid-19 Future
Forecasting Using Supervised Machine Learning Models.
Standard estimation methods such as Linear Regression
(LR), Support Vector Machine (SVM), and Exponential
Smoothing (ES) were also used in their estimations [10].

Sahai et al. made predictions for some countries such as the
USA, Brazil, India, Russia, and Spain. They used the
ARIMA model and the Hannan and Rissanen algorithm [11].

The IHME Covid-19 health service utilization forecasting
team estimated the number of beds, the number of intensive
care unit’s beds, and the number of intubated devices in the
health infrastructure depending on the Covid-19 disease
using a statistical method [12]. Turan et al., In their study,
estimated the 5-day COVID-19 Death Numbers in Turkey
with ANN. Their study using the ANFIS model predicted the
number of deaths in the next 5 days with a 96% accuracy rate
[13]. Selvi and Bager, in their study, tried to predict the
weekly death numbers for the future by using Facebook's
Prophet model. They made their predictions for 15 different
periods [14]. Namusudra at al. in their study proposes a novel
Nonlinear Autoregressive (NAR) Neural Network Time
Series (NAR-NNTS) model for forecasting COVID-19
cases. The results showed that NAR-NNTS model trained
with LM training algorithm performs better than other
models for COVID-19 epidemiological data prediction [15].
Eroglu uses artificial neural network (ANN) and deep
learning models to predict Covid-19 cases 7 days in advance.
It was also found that ANN was successful in Covid-19 case
prediction [16]. Fanelli and Piazza analyze the temporal
dynamics of the coronavirus disease 2019 outbreak in China,
Italy, and France in the time window. Their study's first aim
is to provide officials with realistic estimates for the time and
magnitude of the epidemic peak, i.e., the maximum number
of infected individuals [17].

3. MATERIALS AND METHODS
3.1. Artificial Neural Network Model

Artificial Neural Networks (ANN) is a system that imitates
the working structure of the human brain and is inspired by
the nervous system [18,19, 20]. The ANN is the definition of
functions such as thinking like a human, making decisions,
analyzing, and comparing to machines. The machines also
enter the learning phase like humans and gain experience
with the help of ANN [21, 22, 23]. The multi-layered ANN
structure is given in Figure 1.
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Figure 1. Multi-layer ANN network structure

Various activation functions are used in ANN to teach
complex data better. Logarithmic-Sigmoid (Logsig),
Tangent-Sigmoid (Tansig), and Purelin are the most basic
three activation functions in ANN. Logsig function is the
most used activation function. The definition range of this
function is in the range [0 1] and exhibits a non-linear
variation in this range. The definition range of the Tansig is
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[-1 1]. The most important difference between the Tansig
and the Logsig function is that it is also defined in negative
regions. Purelin is the activation function in which the output
value changes linearly according to the input values. The
definition range is [-1 1]. The input and output curves of the
activation functions are given in Figure 2 [24].
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Figure 2. Input-output curves of activation functions (a:
tansig b: logsig c: purelin)

It is aimed to reduce training time and increase training
performance by using more than one training function. Thus,
Levenberg-Marquardt Backpropagation (Trainlm), Gradient
Descent with Momentum and Adaptive Learning rate
Backpropagation ~ (Traingdx),  Conjugate  Gradient
Backpropagation (Traincgb), and Resilient Backpropagation
(Trainrp) were used as training functions in the study [25].

Trainlm: It is known as Luvenberg-Marquardt
backpropagation, which is frequently encountered in ANN
applications. It works with the principle of updating the bias
and weights according to the Luvenberg-Marquardt
optimization. Although it needs more memory, it is one of
the most preferred training functions.

Traingdx: It is a training function with variable learning rate
and backpropagation. It is advantageous in terms of variable
learning speed.

Traincgb: Powell/Beale is a training function which has
restart backpropagation. weights and biases are updated
according to the Powell/Beale spread.

Trainrp: It is a network training function that updates the
weight and bias values according to the flexible
backpropagation  algorithm  (Rprop). The  soft
backpropagation training algorithm is a successful function
in eliminating the detrimental effects of the sizes of the
partial derivatives [25].

3.2. Data

The data used in this study were taken from the official data
announced by the Ministry of Health of the Republic of
Tiirkiye [26]. All symptomatic and non-symptomatic case
numbers were used in this study. At the beginning of the
epidemic, the Ministry of Health announced the number of
patients showing the symptoms of the disease until
November 2020 in Tiirkiye. Therefore, the estimated case
numbers were used for the number of asymptomatic patients
between March 2020 and November 2020.

4. EXPERIMENTAL STUDY AND DISCUSSION
To examine the effect of vaccination on daily cases a neural

network model was built. The model has six inputs, four
hidden layers and just output. The factors that trigger the

daily number of cases were chosen as input data. These
factors were the restriction factor, the total number of tests,
the number of daily applied tests, daily applied number of
first-dose and second-dose vaccines, the total number of
vaccines applied. It is expected that the number of daily cases
will decrease when the restrictions or the number of
vaccinations is intense. In addition, the need for Covid-19
testing was used as an input with the thought that contact
with positive cases could be high. The output data of the
designed algorithm were the number of daily cases. The
estimated number of immunized people may be far from the
real values since the protection of the applied vaccines, how
many antibodies the recovered cases have, or the duration of
immunity against the disease are not known exactly. The
immunity period of those who had the disease was accepted
as about three months. The mean time between the first dose
and the second dose of vaccine was assumed as 14 days and
all vaccines were choosing one type. Considering that the
first dose of the vaccines provides 70% and the second dose
80% antibodies, the case of lasting three months of immunity
was examined.

It was carried out with the Feed-Forward Backprop Network
type in ANN for prediction and training. The data announced
until 29 July 2021 were used for training and the period until
between August and December 2021 was used for testing.
Data from 30 July to 24 August were used for testing. The
daily case numbers were estimated in the Network Toolbox
interface in the MATLAB. The purpose of using more than
one training function algorithm is to shorten the training time
and to increase the performance. The validation values of the
training functions of ANN were given in Table 1.

Table 1. Training functions and their performance used in

ANN
Function Name Validation: R All: R
Trainlm 0.8781 0.8737
Traingdx 0.9957 0.9943
Traincgb 0.9981 0.9975
Trainrp 0.9946 0.9943

Feed-Forward Backpropagation network type and Mean
Square Error (MSE) were used for all training functions [24].
Test results are given in Table 2.

Table 2. Test results in ANN

Function Name MSE (Normalized Value)
Trainlm 0.8781
Traingdx 0.9957
Traincgb 0.9981
Trainrp 0.9946

Traincgb training function has the most successful validation
rate. In addition, the validation values of Gradient Descent
with  Momentum and Adaptive Learning rate
Backpropagation (Traingdx) and Levenberg-Marquardt
Backpropagation (Trainrp) training functions were close to
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Traincgb. The data were normalized and trained. The
comparison of daily case numbers with estimated and actual
data with the Trainlm function as shown Figure 3. As a result
of the training, the validation value of the Trainlm function
was calculated as 87.81%.
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Figure 3. The comparison of daily case numbers with

estimated and actual data with the Trainlm.

The vaccination process started on January 13, 2021, while
it aimed to reduce the risk of transmission with various
restrictions in the early days of the epidemic. After that, it is
expected that herd immunity will increase rapidly and the
number of cases will decrease. It was observed that there was
a decrease in the vaccination rate due to some reasons. The
algorithm was trained with the help of the training functions
of the data announced until July 29, 2021. The daily number
of cases was estimated according to the high, normal and low
vaccination rate until November 2021.

The high vaccination status has been compared to the period
when the number of vaccines applied from the past to the
present is the highest. It also indicates that more and more
vaccines will be made every day in the future. The normal
vaccination status is the continuation of vaccination close to
the rates that have occurred in the last weeks. Low
vaccination status is the gradual decrease in the number of
vaccinations. The numbers of high, normal, and low
vaccination status used in the estimates are shown in Figure
4.
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Figure 4. The total number of vaccines

The total number of vaccinations between August and
December is given in Figure 4. The daily case numbers were
estimated according to the vaccine amounts indicated in
Figure 4. The vaccination status was estimated until
November 2021 according to the application of low, normal
and high vaccines. The daily case numbers were estimated
with different training functions and the vaccination status
was assumed as between 20 July and 29 July. The estimated
number of daily cases by four different functions was given
in Figure 5.
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Figure 5. The estimated number of daily cases by four
different functions.

The potential number of daily cases was estimated with the
Traincgb function according to the low and high vaccination

status, and it shown in Figure 6.
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Figure 6. Daily case number estimation by low and high
vaccination status of Traincgb function.

It is expected that the immunity will be directly proportional
with the increase in the number of vaccinations. It is thought
that the number of daily cases will decrease with the increase
of immunity. Other input data were kept constant to display
the effect of the vaccine in the estimates clearly. The
estimation of the change in the number of daily cases of the
Traingdx training function when vaccination status is high is
shown in Figure 7.
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Thus, the importance of the 3rd dose vaccine is also revealed.
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account. It is expected that the daily number of cases will be
around 2000 — 3000 if the total amount of first and second
dose vaccination at the beginning of December is 440
million. The number of 3000 cases in December is estimated
in the chart, since the third dose of vaccines is not taken into
account and the immunity period is accepted as 3 months.

0 45 90 135 180 225 270 315 360 405 450 495 540 585 630
Time (day)
Figure 8. Estimation of the number of daily cases by
Restriction Status with Traincgb Training Function.

Table 3. The estimated and announced daily number of cases in July

The Announced Number of

Estimated Number of Cases

Date

Cases Trainlm Traingdx Traincgb Trainrp
10.07.2021 5530 5419 3681 6807 3984
11.07.2021 5261 5434 4353 6822 3722
12.07.2021 5404 5994 4608 7162 3902
13.07.2021 6285 6665 5609 7714 4548
14.07.2021 6907 8089 7653 8690 4696
15.07.2021 7304 7344 13614 8592 4414
16.07.2021 6918 10608 13864 10179 5861
17.07.2021 7666 8481 23387 9315 5112
28.07.2021 7680 8769 12828 9262 7164
19.07.2021 7667 8757 10750 8888 7481
20.07.2021 8780 7167 9837 7484 7816
21.07.2021 8151 7054 7758 7214 9993
22.07.2021 9586 9217 7772 8909 14009
23.07.2021 11094 10219 11426 9711 10830
24.07.2021 12381 10985 12609 10080 12005
25.07.2021 14230 11791 11942 10437 12660
26.07.2021 16809 16255 11189 15894 13082
27.07.2021 19761 19129 20833 18763 13123
28.07.2021 22291 22312 15194 19700 19021
29.07.2021 22161 22498 11618 24113 28060
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Table 4. Daily case number estimates with training functions for November and December

Daily Number of Case Estimates

Date Vaccination status: High

Vaccination status: Low

Vaccination status: Normal

Trainlm Traingdx Traincgb  Trainrp Trainlm  Traingdx  Traincgb  Trainrp Trainlm Traingdx  Traincgb  Trainrp

09.11.2021 7623 4878 6645 5286 23958 59212 45998 12084 12022 11317 8024 28414
10.11.2021 4605 6655 7402 5391 23251 59140 46006 12058 12263 11475 8179 29488
11.11.2021 4512 2149 6240 8701 22476 58813 45992 7509 12462 11133 8223 28071
12.11.2021 6141 3396 6730 5526 21929 58980 46024 7509 12717 11261 8392 29103
13.11.2021 5258 4451 7346 5091 21291 58896 46031 5677 12919 10914 8441 27633
14.11.2021 3994 6102 8718 4960 20676 58807 46038 11961 13189 11013 8625 28623
15.11.2021 3955 5947 9227 4853 20083 58715 46046 18247 13393 10662 8680 27111
16.11.2021 4652 1904 6683 8946 19511 58618 46053 11916 13678 10734 8880 28060
17.11.2021 6474 3002 7681 5931 18961 58516 46059 11894 13883 10380 8940 26516
18.11.2021 9340 3912 8902 5014 18431 58409 46066 11872 14180 10425 9159 27425
19.11.2021 4543 5338 11610 4540 17922 58296 46073 11851 14387 10070 9226 25859
20.11.2021 4669 1717 7251 8954 17432 58179 46080 18139 14697 10089 9465 26730
21.11.2021 6463 2698 8932 6351 17022 58225 46095 11826 14904 9734 9538 25152
22.11.2021 9600 3499 10923 5086 16556 58106 46100 11806 15225 9729 9799 25985
23.11.2021 4019 4714 15057 4318 16109 57982 46104 11787 15431 9375 9879 24406
24.11.2021 6366 2475 10406 6723 15679 57852 46109 11768 15763 9348 10164 25203
25.11.2021 9590 3196 13194 5219 15266 57716 46113 11749 15969 8997 10252 23633
26.11.2021 4649 4237 13409 4207 14870 57574 46118 11731 16310 8951 10564 24395
27.11.2021 6186 2263 12421 7108 14489 57426 46122 11713 16513 8603 10659 22842
28.11.2021 9356 2908 16070 5419 14123 57272 46126 11696 16864 8539 10999 23569
29.11.2021 4642 3777 15834 4153 13772 57110 46130 11679 17064 8197 11103 22042
30.11.2021 5955 2064 15016 7482 13447 56940 46133 11664 17423 8119 11474 22737
01.12.2021 5866 2003 15918 7591 13122 56765 46137 11648 17714 7904 11731 22317
02.12.2021 7623 4878 6645 5286 23958 59212 45998 12084 12022 11317 8024 28414

The correlation coefficients between the obtained estimation
results and the announced number of daily cases are Trainlm:
97.23%, Traingdx: 46.42%, Traincgb: 94.26% and Trainrp:
89.61%. As can be seen from the correlation coefficients, the
best estimation results for July were obtained with the
Trainlm Function. Since the beginning of the pandemic, the
best accuracy rate from March 2020 to July 2021 has been
achieved with the Traincgb training function, at
approximately 98% access rate. Estimates for November and
December 2021, taking into account different vaccination
status and there is no restriction, were given in Table 4.

As can be seen in Table 4, it is seen that there is a serious
increase in the number of cases when vaccination status is
low and a decrease in the number of daily cases when the
vaccination status is high. The input values such as the
number of tests performed per day and the restriction factor
were kept constant and the effect of the vaccine on the daily
number of cases were only changed while estimating the
daily number of cases. It is seen that the number of cases will
decrease without any restrictions during periods of high
vaccination status. The effect of the restrictions for the two
situations where the vaccination status was normal and low
were examined and the results were given in Table 5.

Table 5. The effect of restriction on estimated daily case
numbers with the Trainrp function

Vaccination Status Vaccination Status

Date

High Normal
09.11.2021 5776 4850
10.11.2021 5750 4733
11.11.2021 5698 4770
12.11.2021 5701 4556
13.11.2021 5677 4845
14.11.2021 5653 4923
15.11.2021 5630 4995
16.11.2021 5608 5291
17.11.2021 5586 5229
18.11.2021 5564 4912
19.11.2021 5543 4860
20.11.2021 5523 4871
21.11.2021 5518 4890
22.11.2021 5498 4738
23.11.2021 5479 4691
24.11.2021 5460 4732
25.11.2021 5441 4826
26.11.2021 5423 4872
27.11.2021 5405 4923
28.11.2021 5388 4850
29.11.2021 5371 4859
30.11.2021 5356 4805
01.12.2021 5340 4860
02.12.2021 5776 4850
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Restrictions have had a significant impact during periods of
low vaccination status. Estimation made in daily case
numbers shows that vaccination has a significant effect on
the number of cases. When the vaccination status is high,
there is no need for restrictions. As a result of this study, the
estimated number of people who became immune according
to the amount of vaccination in December is shown in Table
6.

Table 6. Estimated number of immunized people

Date Vaccination Vaccination Vaccination
Status High  Status Normal Status Low
02.12.2021 75582935 69429669 63154480

In this study, it is aimed to see the effect of the vaccine on
the number of cases and the effect of restrictions. In addition,
as a result of the training, it aims to guide socialization by
estimating the number of cases in the coming months. When
the tables are examined, intensive vaccination creates a
serious decrease in the number of daily cases. Reducing
vaccination has an adverse effect on the daily number of
cases. When the estimations examined in Table 4 and Table
5, there is no need for restriction in case the vaccination is
high. Thus, it shows the importance of vaccination.

5. CONCLUSION

In this study, it is aimed to predict the number of Covid-19
cases that may occur in the coming months and the effect of
the vaccine on the number of cases. Considering the effect of
vaccination and restrictions, daily case numbers were
estimated with different training functions. The estimated
and the actual number of daily cases may be different. This
difference mostly coming from some reasons such as the
impact of people's social lives, mutating the virus or people
give up the necessary precautions. Restrictions may come or
abrogate by estimating the number of cases in the coming
months according to the status of the vaccination numbers.
This will help countries to be more prepared for emergencies
that may occur.

This study examined the success rates of the network created
for estimation. It has been observed that the success rate of
the network created with the "Traincgb" training function is
higher than the others in both the training and testing stages.

This study has anticipated a reference for future studies, like
the number of patients estimation, etc. In future studies using
the same data, the ANN model can be compared with other
algorithms, and the success rates of the algorithms on
estimation can be compared. In addition, especially the
effects of the mutation that the virus has undergone can be
added to future studies.
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Abstract

In this study, a flexible robot arm model and the design of its controller are introduced. The robot arm consists of a single flexible
link. It is desired to control the circular position of the robot arm and the vibration of the tip point. Cascade proportional derivative
controller was used to control the position and reduce the tip vibration. Controller gains were found using The Bees Algorithm.
The weighted function of system responses such as settling time, maximum overshoot and steady-state error is used as a
performance criterion while searching for the best parameters. In addition, controller gains were obtained with the genetic
algorithm to evaluate the working performance of The Bees Algorithm. It has been observed that the Cascade PD controller,
whose gains are optimized by The Bees Algorithm, successfully controls the flexible robot arm system and reduces the vibration
of the tip point.

Keywords: The Bees Algorithm; Flexible Link; Cascade PID

1. INTRODUCTION as genetic algorithms and particle swarm optimization [15-

In recent years, the use of flexible structures has been
increasing in many applications, especially due to their
lightweight and lower cost. Especially in the field of
aerospace and robotics, many elements are modeled as
flexible since structures are desired to be light and quickly
movable [1]. Controlling flexible structures is more
complicated than rigid systems. Flexible structures require a
higher-level control system due to their oscillations. For this
reason, studies on the control of flexible structures have
gained importance [2, 3].

Different controllers are used in flexible link control [4, 5].
PID controllers are one of the most used structures in
controlling systems, thanks to their efficiency and durability
[6-9]. It is very important to set the gains correctly in the
design of the PID controller [10, 11]. There are many
proposed methods for adjusting the coefficients of the PID
controller. These methods can be divided into three parts:
analytical, empirical, and optimization. Analytical methods
try to determine the gains using root-locus curves. On the
other hand, empirical methods such as Ziegler-Nichols or
Cohen Coon’s, try to obtain the gains by making an approach
according to the experimentally obtained results [12-14].
However, these methods may be insufficient in some cases
in fine-tuning the gains. Generally, in more complex
systems, gains are tried to be obtained by using methods such

Attribution (CC BY) license https://creativecommons.org/licenses/by/4.0/

18].

The Bees Algorithm is a swarm-based algorithm that mimics
the behavior of bees. There are many studies in which the
gains of PID controllers are successfully optimized with The
Bees Algorithm [19, 20].

There are various approaches proposed for the control of
flexible systems in the literature. Generally, open-loop
applications cannot provide the desired level of control for
flexible systems [21]. Especially depending on the
configuration of the system, a more complex control system
is needed due to the change of some parameters such as
damping or natural frequency [22]. PID [23, 24], LQR [25,
26], and Fuzzy [27] controllers are used to control the
flexible systems.

Since there are two output values in the system modeled in
this study, it is not appropriate to control the system with a
normal PID controller. A hierarchical PID controller was
applied to control the flexible link [24]. In addition, a cascade
fuzzy controller is also applied to the system [28]. In this
study, it is aimed to control the flexible robot arm
manipulator with the cascade PD controller. The coefficients
of the controller are optimized with The Bees Algorithm. In
addition, the controller gains are also found with the Genetic
Algorithm in order to observe the performance of The Bees

https://dergipark.org.tr/tr/pub/apjess
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Algorithm. Response of the system with two proposed
controllers were compared.

2. FLEXIBLE LINK SYSTEM
The study was carried out on the linearized state-space model

of an experimental flexible link setup designed by Quanser
and using frequently in control studies shown in Figure 1.

[ =

} e
- .
o g

Saat e = N RSSS———

Figure 1. Experimental setup.

A flexible link has been tried to be controlled by using a
servo motor. It is assumed that the weight is distributed along
its length. An encoder was used to measure the position of
the link, and a strain-gage was used to measure the tip
vibration of the flexible link. These data are defined as the
outputs of the system. The position of the link is defined as
“0” and the tip vibration of the link is defined as “a”. The
system is shown schematically in Figure 2.

The mathematical model of the system is specified in the user
manual of the Quanser flexible link. The dynamic model of
the flexible link system can be obtained using the Euler —
Lagrange formula [29].

Y
wa
Flexible arm
o
T(; ‘ X
Hub

Figure 2. Schematic view of the flexible link

The potential energy and kinetic energy of the system in
terms of theta and alpha variables can be defined as shown
in Eg. 1 and 2. The stiffness of the link is used in the potential
energy equation and the rotational moments of inertia of the
hub and the link are used in the kinetic energy equations.

1
Vo = Ekstiffaz )
Ve = Vkeqime t VKE )

1 . 2 1 . (2)
Vie = E]link(e + “) + E]hubez

With these equations, the Lagrange function can be formed
as follows.

L= VIK.E — Ve 1 1 3
. A2 .

L= (E]link(e +a) + E]hub92> - (Ekstiffaz)

If partial derivatives are taken according to generalized
coordinates, the following equations are obtained. “t” used
in the equations was stated as the output torque of the
servomotor, and “b,,” was stated as the equivalent viscous
damping coefficient.

§ (6L\ 6L : 4)
a(ﬁ)‘@-f‘beq"

LA ®
St \ba Sa

Using Eq. 4 and 5, the dynamic equations of the system can
be obtained as follows.

Jiink(8 + @) + Jnup® = T + by (6)
]link(é + a) + kstiffa =0 (7)

The output torque of the servomotor can be expressed as
shown in Eq. 8.

T= nmngktkglm (8)

N and n4 represent the efficiency of the motor and the gear,
respectively. “k,” is the torque constant, and “k,” is the gear
ratio. “L,,,” represents the armature current of the motor. The
armature current, on the other hand, can be expressed in
terms of controlled voltage using the Kirchhoff rules as
shown in Eq. 9.

Vm - ktkmé (9)
m = Rm
“Wy” indicates the voltage supplied to the motor, and “R,,,”
indicates the electrical resistance of the armature.

Substituting Eg. 8 and 9 into Eq. 6, the dynamic model of the
system can be expressed with the following equations.

]link(é + d) + Jhup®

V., —k.k, 0 . (10)
= Nigkek, <7’" = tm ) + bogb
m

Junk(6 + &) + kgyppa =0 (11)
Arranging Eqg. 6 and 7, the state space model of the system
can be expressed as shown in Figure 3. The state-space
model is arranged as the following equations according to
the inputs of the system “u”, and the outputs of the system
“y“. A, B, C, and D matrices of the system provided in the
user manual are shown in Eq. 12.
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Figure 3. State-space presentation of the flexible link
[34]. In Cascade control systems, the secondary (internal)
X = Ax + Bu circuit is the acceleration loop of the system; the primary
(12)
y=Cx+Du (external) circuit can be expressed as a position control loop
[35]. In this study, the tip vibration is used as the feedback
[0 0 1 0 of the secondary loop, and the position of the link is used as
A= 0 0 0 1 the feedback of the first loop. The primary and the secondary
|10 623,74 —-4032 0 controllers are named as PD-1 and PD-2, respectively. When
[0 —965,34 4032 0 the reference value is set as the position of the link, the
external controller initiates the motion providing a reference
0 (13) to the controller in the secondary loop that controls the tip
g=| 0 vibration of the link.
61,63 |’
|—61,63 The output of the secondary controller provides the
necessary voltage to the motor. The control system block
C= [1 0.0 01 po [0] diagram used in the study is shared in Figure 4. In the trials
0100 0 conducted during the study, it was observed that the
integration process in the PID controller had not a positive
3. ggSN(_:r'g%ELEgROPORTIONAL DERIVATIVE effect on the control of the system. For this reason, the
controller was defined as a proportional derivative.
C?ascade control consigts of the use of two c_ontrol loops. The 4. CASCADE PD CONTROLLER OPTIMIZATION
first control loop provides the reference point for the second
control loop [30]. 4.1. Genetic Algorithm
g:ecgﬁ:i;”%r d“_}”;g%;?ﬁg gzeri itr?aenfelr;soor ?ifaiher\éizget)slettgg Genetic algorithms are evolutionary algorithms that optimize
. : . P P functions by modeling the biological process, first
intended control. The inner or secondary loop uses the introduced by John Holland in 1975 [34]. While GA
second variable sensor to be controlled and drives the second . : ]
controller to keen this variable at a certain value parameters represent genes in the biology, the aggregated set
P : of parameters constitutes the chromosome. Each individual
Cascade control is generally advantageous if the dynamics ?gp:zsenc,{;:g \;\rl]hlfr:]e a;grrtr? ¢ Ogargdhlrc(i)zﬁ]e;soor;eghe _I_sr(])ilsutls%r:, (;?c
Io;()?e\/w}r;r tLoeoiF;I r?: |?§;)e;5trl;]g?s§gii?% gﬁw_\}cfsast];rﬂ:ﬁa?}uttﬁ; candidate solu_tion_s is als_o galled the _pgpqlation._ The fitne§s
outef loop, the advantages of cascading control are reduced oflthe popuhlatlon Is maximized or mkl)nlmlfjedeIthln cbertam
T . . . . : rules. Each new generation is obtained by combining
e ey e S ey oy SO o eercs creded by rndom ornalon
) . . exchange [35, 36]. The genetic algorithm is a commonly
interaction between the two loops [33].In a single loop PID : : :
control system that has low stifF1)‘ne[ss ]it will bg diffiCFiﬂt to usgd method to find controller gains [8, 37-38]. The swtab!e
meet the requirements when the level of experimental loads glag;giitr?:n Ehs?n ; ch e%oar;gr%!zrsv}lr? r.?.a;?: gd by the genetic
is very high relative to the stiffness of the system. It is '
therefore unlikely to achieve a very high quality of control
._.i>
[7) y .
d » PD(s) PD(s) —» _/_;bﬁ
a
>
PD-1 PD-2 Voltage
Saturation PLANT

Figure 4. Cascade PD control system
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Table 1. Genetic Algorithm parameters

Parameters Values
Generation number 25
Population size 40
Elite count 10
Crossover fraction 0.6

4.2. The Bees Algorithm

The Bees Algorithm (BA) was first proposed by DT Pham et
al. in 2006, the behavior of bees searching for resources such
as nectar and water by using swarm intelligence to learn,
remember, and transfer the knowledge [39-43]. Pham and
Kalyoncu, who designed fuzzy logic and PID controllers
with the bees algorithm for the control of a robotic arm, laid
the foundations of the studies in this field [24]. Kalyoncu et
al. observed that the controllers whose parameters were
determined by The Bees Algorithm compared to the
traditional methods in position and balance control gave
better results [44-47]. Baronti et al. analysed of the search
mechanisms of The Bees Algorithm [48]. The flowchart is
shown in Figure 5, pseudo code is shown in Figure 6.

Place randomly “n” scout bees in the research space

|

——»  Check the fitness of points visited by scout
bees
v
Select “m” sites with the best fitness value for
neighborhood search

¥

Send “recruit bees” to selected sites
(more bees to elite areas)

'

Choosethe bestbee in each site |

I
\J

Leave areas other than selected bees I

v

Send the remaining bees (n-m) in the
population to random search space for new
potential solutions

v

New scout bee population |

]
Figure 5. Flowchart of the Bees Algorithm

Neighborhood Search

1. Initialise population with random solutions.
2. Evaluate fitness of the population.

3. While (stopping criteria not met) //Forming new population.

Table 2. The Bees Algorithm parameters

Parameters Values
Number of iteration “itr” 25
Number of scout bees “n” 20

[T3ee 1}

Number of suitable regions “m

(TRl

Number of the best regions “e

Number of bees sent to the best elite region “nep” 10
Number of bees sent to the region “nsp” 7
Region size “ngh” 0.01

The bees algorithm contains many parameters such as the
number of scout bees (n), the number of the most suitable
regions selected from n visited points (m), the number of the
best regions in the m selected regions (e), the number of bees
sent to the best elite region (nep), the remaining are the
number of bees sent to the region (nsp), the region size (ngh),
and the number of iteration (itr). The parameters used in the
optimization process are given in Table 2.

4.3. Tuning Cascade PD Controller

The input of the system is the voltage of the servomotor. The
proportional controller gains (K2, K2) and derivative
controller gains (K32, K2) of the outer and the inner loop of
the control system are the parameters that determine the
performance of the system. The main goal is to find
controller gains that will minimize the performance index for
a control input. The performance index was created by
considering the weighted summation of rising time (t,),
settling time (t;), peak time (t,), maximum overshoot
(Pmax), Steady state error (eg), and matrix norm (@, oym) aS
stated in Eq. 14 [23].

P=Ps+P,
Py = 10t, + 6t5 + 6.5t + 0.1|ppax| + 4.4]eg (14)
Py = 0.1ap0pm + 3.3t5 + 508, + 0.8|pmay| + 1500]eg]

In this study, the control system and the state-space model of
the flexible link are set up in MATLAB/Simulink
environment. The related controller coefficients were
defined as variables. The response of the system to the
control input was evaluated. The range in which the
controller gains are sought is given in Table 3. The Bees
Algorithm was composed in the MATLAB environment.
The system was operated using the parameters suggested by
the bees sent in each iteration. The results were stored, and
the next iteration was prepared. In this way, the most suitable
controller gains that will minimize the fitness function have
been obtained with The Bees Algorithm.

Table 3. Optimization ranges of PD controller gains

4. Select elite bees.
5. Selectsites for neighbourhood search. Gains Minimum Maximum
6. Recruit bees around selected sites and evaluate fitness. KpPD_l 0 5
' KdPP-1 0 1
7. Select the fittest bee from each site. KpPD'2 0 5
8. Assign remaining bees to search randomly and evaluate their fitness. KdPP-2 0 1
9. End While
Figure 6. Pseudo code of The Bees Algorithm
Academic Platform Journal of Engineering and Smart Systems 11(1), 27-34, 2023 30
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5. STABILITY ANALYSIS

Stability analysis is a standard requirement for control
systems to avoid loss of control. Stability can be analyzed by
looking at the eigenvalues of A matrix of state-space
representation. Many techniques are available for obtaining
state-space representations of dynamic systems. MATLAB
platform lets you analyze the dynamics of systems and
extract system models in the form of the state-space matrices
A, B, C, and D according to selected input and outputs. The
closed control system shown in Figure 4. including PD
controllers is defined as a state-space model by using
MATLAB. Obtained A matrices including optimized PD
controllers by using The Bees Algorithm and Genetic
Algorithm are given in Eq. 15 and Eq. 16 respectively.

Apa =
r —100 0 —0.1763 0 0 0
—-13.18 —-100 -0.3661 -0.1318 0 0
0 0 0 0 1 0
0 0 0 0 0 1 (15)
—4967 —-6163 —138 574.1 —-4032 0
L 4967 6163 138 —915.7 4032 0
Aga =
r —100 0 —0.3268 0 0 0
—-195.7 —-100 —-6.462 —1.957 0 0
0 0 0 0 1 0
0 0 0 0 0 1 (16)
—-16100 —-6163 —531.5 4628 —4032 0
L 16100 6163 531.5 —-804.4 4032 O

Eigenvalues of the obtained A matrices are the roots of the
characteristic equation [49]. As seen in Table 4. all
eigenvalues have negative real parts. This means that all
closed-loop poles of the control system which contains
optimized PD controllers using The Bees Algorithm and
Genetic Algorithm are in the left-half plane. The controlled
system is therefore stable.

Table 4. Eigenvalues of A matrices.

Eigenvalues of Agy,
—99.8487 + 1.4641i
—99.8487 — 1.4641i
—8.9633 + 21.9158i
—8.9633 — 21.9158i

—19.2677
—3.4285

Eigenvalues of Ay

—98.1218 + 7.6902i
—98.1218 — 7.6902i
—8.4908 + 21.2097i
—8.4908 — 21.2097i
—3.4269
—23.6679

6. SIMULATION RESULTS

Controller gains found by The Bees Algorithm and Genetic
Algorithm are shown in Table 5. The gains of the
proportional controller were very close to each other.
However, a difference was observed between the gains of the
derivative controller gains.

The responses of the systems found with two different
algorithms are shared in Table 6. The settling and rising
times of the system for theta angle were very close to each
other. However, when the tip point vibrations are evaluated,
it is observed The Bees Algorithm achieves better results.

Table 5. GA and BA optimization results

Gains Genetic The Bees
Algorithm Algorithm
KpPP-1 2,9752 2,6019
KdPP-1 0,0033 0,0018
KpPP-2 0,6547 0,6741
KdPP-2 0,0196 0,0013

Table 6. Performance criteria of controllers

Time Responses Coriéller Con?gller
0, Rise Time (t;) [S] 0.6846 0.6968
0, Settling Time (ts) [S] 1.1891 1.2310
0, Maximum Peak [%] 0 0

0, Steady State Error (ess) 0 0

a, Norm 14.9806 10.6592
a, Settling Time (ts) [S] 0.8473 0.9444
a, Peak Time (tp) [S] 0.0609 0.0805
o, Maximum Peak [deg] 3.5952 2.6088
a, Steady State Error (€ss) 0 0

The convergences of two different algorithms in the
iterations are shown in Figure 7. When the curves are
examined, it is seen that while the Genetic Algorithm
converges faster, the fitness value obtained by The Bees
Algorithm is more successful than the Genetic Algorithm.

86 —BAl
—GA

~N ©® © @
© o N

Objective Func. (J)

~
(<]

~
N

Time [s]

Figure 7. Convergence performance of GA, BA

In addition, according to the supplied voltage of the motor
shown in Figure 8 and Figure 9, it is seen that the controller
obtained with BA provides a more efficient control with less
energy consumption.

—GA-PID|
—BA-PID

Motor Voltage [V]

0.8 1 1.2 1.4 1.6 1.8
Time [s]

Figure 8. Motor voltages for 30° reference position.
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(o]

N

Motor Voltage [V]

0.8 1 1.2 1.4 1.6 1.8 2
Time [s]

Figure 9. Motor voltages for 60° reference position.

It is seen that BA and GA have obtained close results in
position control in Figure 10 and Figure 11, but BA is more
successful in tip vibration shown in Figure 12 and Figure 13.

30
25+ r n
’/
—_— [ /4 |
%020 4
= 151 // .
10 =
4 REF
5-/7 —GA-PD
4 ~BA-PD
0 ‘ ‘ ‘ ‘ ‘
0 05 1 15 2 25 3

Time [s]

Figure 10. Position result for 30° reference position.

60
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Figure 11. Position result for 60° reference position.
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‘ ‘ ‘ ——BA-PD
1 1.5 2 25 3

Time [s]

Figure 12. Tip vibration result for 30° reference position.

REF
=GA-PD
| ‘ | | —BA-PD
0 0.5 1 1.5 2 2.5 3

Time [s]

Figure 13. Tip vibration result for 60° reference position.

7. CONCLUSION

In this study, a model of a flexible robot manipulator arm
was created. A cascade PD controller was used to control the
position and tip point vibration. The gains of the proposed
PD controller have been successfully found by Genetic
Algorithm and The Bees Algorithm. It has been observed
that The Bees Algorithm founds the controller gains with
better fitness values than the Genetic Algorithm. When the
response of the systems suggested by different algorithms
was examined, it was observed that the tip point vibration
level was reduced. In addition, the decrease in the motor
voltage with The Bees Algorithm leads to lower energy
consumption. | was observed that the tip point vibration level
was successfully suppressed with a sufficient position
control.
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Abstract

Demand forecasting is of crucial importance for make-to-stock companies because product demand is uncertain and it changes
with time. Fuzzy linear programming (FLP) can be an optimum approach for such uncertain situations. In this study, the FLP
model was used for more accurate demand forecasting in a make-to-stock company. Demand forecasting study was carried out
according to the FLP method and linear programming (LP) method. Solutions of FLP and LP were compared in terms of imputed
shortage cost, inventory carrying cost, and net profit. Results show that the applied FLP method is more advantageous than LP
as it provides a 67% decrease in costs and a 15% increase in net profit.

Keywords: Demand Forecasting; Fuzzy Linear Programming; Make-to-Stock.

1. INTRODUCTION

Determination of product demand is very important in terms
of production planning since companies make the production
plan according to product demand. On the other hand,
demand amounts in make-to-stock companies can’t be
known precisely. Therefore, they make the production plan
in accordance with the estimated demand value.

Make-to-stock companies aim to forecast the product
demand with a minimum error as more realistic demand
forecasting enables to decrease in the inventory carrying cost
and imputed shortage cost. In addition, when companies
achieve this aim, costs based on the deterioration of product
inventory decline. However, improving demand forecast
accuracy is a difficult issue because product demand is
unknown and it varies from period to period. Thus, fuzzy
logic is a suitable approach to deal with decision problems
involving such uncertainties and linear programming (LP)
[1]. Zimmermann introduced a fuzzy approach regarding LP
problems in 1974. In addition, Lai and Hwang, Tong
Shaocheng, Buckley, among others, cope with the fact that
all parameters are fuzzy [2].

When evaluated similar studies, Azizi et al. [3] developed
adaptive neuro fuzzy inference system to predict the
throughput of production systems. It was used because of
factors include uncertainty such as set up time and demand.
It was applied in tile industry. Obtained results revealed that
adaptive neuro fuzzy inference system is appropriate for
prediction of throughput in uncertainty. Worapradya and

Attribution (CC BY) license https://creativecommons.org/licenses/by/4.0/

Thanakijkasem [4] developed a model with hierarchical
genetic algorithm to optimize the steel production. Figueroa-
Garcia et al. [5] used fuzzy linear programming (FLP) and
interval fuzzy set approach for mixed production planning
problem. Torabi et al. [6] used fuzzy hierarchical production
planning approach for solving multi-level production
planning problem. Bilgen [7] utilized fuzzy mathematical
programming approach for production and distribution
planning problem. Ertugrul and Tus [8] investigated the
interactive FLP approach by utilizing Zimmermann,
Werners, Chanas and Verdegay approaches. Their
application was performed in the textile industry.

In recent years, FLP has been used in areas such as finance,
energy, and transportation [9-15]. In the literature, no study
has been found in which FLP has been compared with
classical LP in the demand forecasting problem of a make-
to-stock company. In this respect, it is expected that this
study will make a significant contribution to the literature.

In this paper, production planning problem in a make-to-
stock company was investigated and a demand forecasting
study was conducted. FLP approach was used to forecast the
product demand accurately. Because of the fact that both
objective function and constraints include uncertainty,
Zimmerman’s approach was used. Estimated product
demands were obtained from the models of classical LP and
FLP. Production planning was performed for each model by
using these demand values for three periods. Results were
compared with the aspect of inventory carrying cost, imputed
shortage cost, and net profit.

https://dergipark.org.tr/tr/pub/apjess
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2. FUZZY SETS

In classical sets, there are two states, 0 and 1. In other words,
an element either belongs to a set or doesn’t [16]. For
instance, it is supposed that there is a car. The headlights, air
conditioner and windscreen wiper of the car are out of
service. However, the engine of the car is running and it is
moving. In that case, it can’t be reached a conclusion that
either the car is out of order exactly or it runs precisely.
Therefore, it is more suitable to characterize the car as a
slight level failed and middle level failed. As is also
understood from this example, an element can belong to a set
with any value between 0 and 1. This value is entitled as the
degree of membership and symbolized with “p” for fuzzy
sets fundamental to fuzzy logic. Also, degrees of
membership are expressed with membership functions.

It can be propounded that there are three basic reasons for
using fuzzy logic. The first of these is subjectivity.
Judgements related to a situation can vary from person to
person. For example, we assume there are three age sets;
young, middle and old. While thirty age belongs to ‘young’
set for a person, it belongs to ‘middle’ set for another person.
Secondly, whole elements of a set can’t belong to it with the
same degree of membership. In addition, an element can
belong to sets more than one [17]. Thirdly, real world
problems include many variables. Each variable’s effect to
problem and interactions among them can’t be determined
exactly. In other words, this is very difficult to model this
type of problems. Thus, fuzzy logic can be an ideal approach
for solving them.

For instance, it is presumed that there are five sets about
temperature; very low, low, middle, high and very high. In
this case, we have five fuzzy sets and five membership
functions. These are illustrated below:

Figure 1. Fuzzy sets and membership functions

As shown in Figure 1, each element of a set can’t belong to
it with the same degree of membership. For example,
whereas 15C° belongs to ‘middle’ set with 1 degree of
membership, 8C° belongs to it with 0.4 degree. Also, 22C°
belongs to ‘high’ set with 0.2 degree of membership and
‘middle’ set with 0.6 degree. In other words, it belongs to
two sets.

In fuzzy logic, triangular and trapezoidal membership
functions are used generally. Additionally, membership
functions such as gaussian and sigmoid are also available.
While determining to suitable membership function for a
problem, capability of representation the data in it of
membership function must be taken into account [18].

3. FUZZY LINEAR PROGRAMMING
3.1. Linear Programming (LP)

LP is a type of mathematical programming. The aim of
mathematical programming is to determine the extremum
point of a function under some constraints. Both objective
function and constraints are linear in LP [19]. LP model can
be loosely formulated as follows:

Max C'x

subject to (1)
Ax<b

x>0

in which x represents the vector of variables, C is the vector
of coefficients in objective function, ()T is the matrix
transpose, A is a matrix of coefficients in constraints, b is a
vector of right-hand sides of the constraints. The expression
to be max or min is called objective function.

LP is of crucial importance and it is used in many fields such
as engineering and economy [20]. LP problems can be
solved with LINDO optimization software. If the objective
function, right-hand sides or coefficients of constraints are
uncertain, LP isn't appropriate to solve the problem.

Many types of FLP were formed. Some methods were
developed for converting them to LP. Finally, they were
solved with optimization software [21].

3.2. Fuzzy Linear Programming (FLP)

Sometimes, coefficient of the variable belongs to a problem
depends on other parameters. Also, it can’t be evaluated
exactly and can determine subjectively. Thus, coefficients in
problem can include uncertainty. In this case, classical LP
falls behind with the solution of the problem. FLP can be an
ideal approach for such problems [22]. Formulation of the
FLP model can be considered as follows:

MaxZ= CT X
subject to

)

Ax<hb
x>0

in which tilde (~) is fuzzy symbol differently from LP model.
To solve this problem, it is necessary to find the probability
distribution of the optional objective function Z. To deal with
this problem, fuzzy constraints and fuzzy objective function
convert into crisp ones [23].

3.3. Zimmermann Method

This method is one of the FLP models. Both objective
function and constraints are fuzzy in this method. An FLP
model developed by Zimmermann is indicated as follows
[21]:
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CTx>b,

(Ax); <b, ?)
x>0 i=12,..,m

A symmetrical model in which the objective function
becomes a constraint is the inequality. To arrive at a general

formulation, this inequality is converted into matrix form as
follows:

—CTx<—h, )

in which

SNEN

The constraint's inequalities mean "as small as or equal to"
can be allowed to violate right-hand side b by expanding a
value. The degree of violation is represented by membership
function as:

0 ifCx<by,—d,

ﬂdxyzl—bo_cxﬁbo—doscxsbo (6)
0
1 JfCx <h,
0 Lif(Ax)=b+d,

1i(x)=141 Qﬁﬁ:ﬁijg(A@p£Q+di @)

—
1 if(Ax) <b

in which d is a matrix of admissible violation. This problem
can be expressed as follows using an auxiliary variable
represented by A:

#o(x)2 2
i (X)2 2 ®)
2elog]

Table 1. Application data

Then, the problem can be stated as LP as follows:

Max A

s.t.

uO(X)Z A ©)
wi(x)= 2

2el0]]

This problem is illustrated by the membership functions of
the fuzzy objective function and fuzzy constraints as follows:
Max 4

s.t.
1_b0d—CX2}'

0

(10)

p Mioh

i
selo]]
x>0

The final form of the FLP model is obtained after some
simplifications as follows:

Max A

st

CTx—1dy 2by—d, (11)
(AX), + Ad; <b; +d; , Vi

2elog]

x>0

4. IMPLEMENTATION

Demand forecasting study was conducted with data obtained
from a make-to-stock company. The problem was built as
FLP model because demand of the product types and
expected profit are uncertain. Solution of this model gave
estimated demand values for each product type per month to
maximize the total profit. Since the company follows make-
to-stock strategy, estimated demand values are equal to
production amounts. Production data and constraints are
given in Table 1.

4.1. Classical LP Model and Solution
Problem was modelled as monthly basis by using related data

in Table 1. The classical LP model of the problem is given
Eq. (12).

Variables for products X1 X2 X3 X4 Xs Xs X7 Xs X
Profits (TRY per tonne) 1509 1509 503 1509 1006 503 1509 1006 503
Expected demands (tonne per month) 25 100 150 30 150 200 30 250 80
Tolerances for demands (tonne per month) 5 50 40 5 40 50 5 40 20

Labor usage (hour per tonne) 0.333
Expected profit (TRY)

Tolerance for profit (TRY)

Monthly production capacity (tonne)

Monthly labor capacity (hour)

0.333 0.333 0.283 0.283 0.283 0.3 03 03

1,200,000
200,000
1150
364
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Max 1509x; + 1509x, + 503x5 + 1509x, + 1006x; + 503x4 + 1509x, + 1006xg + 503x,
subject to

x; = 25

x, =100

x3 = 150

x4 = 30

x5 = 150

xe = 200 (12)
x; = 30

xg = 250

X9 = 80

0.333x4 + 0.333x;, + 0.333x5 + 0.283x, + 0.283x5 + 0.283x¢ + 0.3x, + 0.3x5 + 0.3x9 < 364
X1+ Xy + X3+ X4 + X5 + X + X7 + Xg + X9 < 1150

x; =20

i=12,..9

Max A

subject to

1509x; + 1509x, + 503x5; + 1509x, + 1006x5 + 503x4 + 1509x, + 1006x5 + 503x4 — 200,0001 > 1,000,000
x; +54 <30

X, + 504 <150

x3 + 404 < 190

X4 +54 <35

x5 + 404 < 190

X + 504 < 250

x; +54 <35 (13)
xg + 404 < 290

X9 + 201 <100

0.333x; + 0.333x, + 0.333x3 + 0.283x, + 0.283x5 + 0.283x4 + 0.3x; + 0.3x5 + 0.3x4 < 364

Xy + Xy + X3+ x4 + X5 + X6 + X7 + X5 +x9 < 1150

A€[0,1]

x; =0 i=12,....9

LINDO optimization software was used to solve the LP LINDO software was used to solve the FLP model of the
model of the problem. The relevant solution is given in Table problem. The relevant solution is given in Table 3.

2.

Table 3. Results of FLP model
Table 2. Results of LP model

Variable Value Reduced Cost
Variable Value Reduced Cost N 0.234 0
Objective Function 1,101,570 TRY - X3 28.832 0
X1 160 0 X2 138.321 0
X2 100 0 X3 180.657 0
X3 150 0 X4 33.832 0
X4 30 0 Xs 180.657 0
Xs 150 0 Xs 177.885 0
Xs 200 0 X7 33.832 0
Xz 30 0 Xs 280.657 0
Xe 250 0 Xo 95.329 0
Xo 80 0

4.3. Comparison Between FLP and LP
4.2. FLP Model and Solution

Quarterly production plans of each model were made by
Problem was modelled as monthly basis by using related data using estimated demand values obtained from LP and FLP.
in Table 1. The FLP model of the problem is given Eq. (13).
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Outputs of production plans were compared in terms of
inventory carrying cost, imputed shortage cost and net profit.

The company can carry inventory maximum 3 months
because of the deterioration problem of products. Monthly
inventory carrying cost for the company is 12% of product
profit per tonne. The company practices back order strategy.

Table 4. Production planning of LP model

If it meets back orders next month, imputed shortage cost for
stock-out products is equal to 50% of unit profit. If it meets
after two months, the cost is equal to 75% of unit profit.
Otherwise, the cost is equal to unit profit.

Production plans of LP and FLP are shown in Table 4 and
Table 5.

P D IS P D IS P D

Descriptions

(t2) t2) (t2) (t1) (1) (1) @© (@
X1 160 30 130(1) 160 27 263 () 160 29 394 (1) t: Time period (month), P: Production (tonne),
X2 100 120 200(S) 100 113 201+130(S)100 138 20,+13:438,(S) - Demand (tonne), IS:sch\)/:E-tg&/ Status, 1 Inventory, S:
Xs 150 147 3() 150 149 4(l) 150 162 8 (S) 200: 20 items can’t be met 1getﬁgsdperlod, they can be met next

Xs 30 28 2() 30 33 1o(S) 30 31

Xs 150 160 100(S) 150 152 101+20(S) 150 157

Xs 200 190 10(l) 200 195  15(l)

X7 30 31 1o(S) 30 32 1i+20(S) 30 34

Xs 250 257 70(S) 250 261 71+110(S) 250 260 72+111+100 (S)

Xo 80 83 30(S) 80 84 31+40(S) 80 89

102+21+70 (S)

200 184 31(1)

32+41+9 (S)

202+131+380: 20 items are stock-out since two period, 13
items are stock-out since one period and 38 items are stock-
out in last period.

Profit Status

12+21+40 (S)  Total Profit = ,_, Estimated production amount x Unit profit

Net Profit = Total Profit — (Inventory carrying cost + Imputed
shortage cost)
Net Profit = 1,101,570 - (146,673.84 + 123,863.75) =

831,032.4 TRY
Table 5. Production planning of FLP model
P D IS P D IS P D IS .
Net Profit
(t2) (t2) (t2) (t1) (1) (t-1) ®m ® ®
Xy 28.832 30 1.168,(S) 28.832 27 0.664 (1) 28.832 29 0.496 (1)
X; 138.321 120 18.321(l) 138.321 113  43.642 (1) 138.321 138 43.963 (1)
X3 180.657 147 33.657(I) 180.657 149 65.314 (1) 180.657 162 83.971 (1)
X4 33832 28 5832() 33832 33 6.664 (1) 33.832 31 9.496 (1)
Xs 180.657 160 20.657 (I) 180.657 152  49.314 (1) 180.657 157 72.971 (1) 958.115.4 TRY
12.115; 12.115,
Xe 177.885 190 12.115,(S) 177.885 195 +17.115,(S) 177.885 184 +17.115,+6.115¢ (S)
X7 33832 31 2832() 33832 32 4.664 (1) 33.832 34 4.496 (1)
Xg 280.657 257 23.657 () 280.657 261 43.314(l) 280.657 260 63.971 (1)
Xg 95329 83 12.329(l) 95329 84  23.658(l) 95329 89 29.987 (1)

5. CONCLUSION

In this paper, demand forecasting problem of a make-to-
stock company was addressed. Because the company follows
make-to-stock strategy, it needs estimated product demand
values to develop a production planning. However, product
demand cannot be known precisely and it varies from period
to period. Because of this uncertainty, fuzzy logic can be an
ideal approach for estimating the product demand with a
minimum error.

As estimation of product demand was more accurate,
Zimmerman’s FLP approach was used. Amount of
production for each product type was obtained from the
solutions of FLP and LP. Output of production plans based

on solutions of FLP and LP models were compared in terms
of costs and net profit. Results showed that when fuzzy logic
and LP was used together, product demands were forecasted
more accurately. Therefore, inventory carrying cost and
imputed shortage cost reduced by 67% totally and also net
profit increased by 15%.
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