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Editor'den

Altinbas Universitesi tarafindan basilan “Aurum Mithendislik Sistemleri ve Mimarlik Dergisi (A-JESA) adli
uluslararasi dergisi ; Elektronik, Gériintii isleme, Bilgi Teorisi, Elektrik Sistemleri, Glic Elektronigi, Kontrol
Teorisi, GomUlU Sistemler, Robotik, Hareket KontrolU, Stokastik Modelleme, Sistem Tasarimi, Multidisipliner
Mduhendislik, Bilgisayar Miihendisligi, Optik Mihendisligi, Tasarim Optimizasyonu, Malzeme Bilim,
Metamaterialleri, Isi ve Kiitle Transferi, Kinematik, Dinamik, Termodinamik, Enerji ve Uygulamalari, Yenilenebilir
Enerji, Cevresel Etkiler, Yapisal Analiz, Akiskanlar Dinamidi ve Mimari Arastirmalar ve Kentsel Tasarim, i¢
Mimarlik ve Sinematik Mimari gibi konularda yapilan bilimsel 6zgiin calismalari hakem siireglerinin olumlu
olmasi halinde degerlendirmeye almaktadir.

Stratejimiz, siki bir inceleme sureci sadlayarak yiiksek kalite standartlarinda bilim ve teknolojide yeni
egilimleri gdsteren yayinlara yer vermektir.

Yogun inceleme ve siireclerin sonunda A-JESA dergisinin 2. Cilt, 2. sayisini yayinlanmaktan buyiik mutluluk
duyuyoruz. Yayin kurulu Uyelerine, bu sayinin hakemlerine ve yazarlarina derginin misyonuna uygun
bilimsel katki ve yorumlari icin tesekkiir etmek isterim.

Prof. Dr. Osman Nuri UCAN
Bas Editor
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From Editor

The scope of the Aurum Engineering Sciences and Architecture (A-JESA) covers the novel scientific
papers about Electronics, Image Processing, Information Theory, Electrical Systems, Power Electronics,
Control Theory, Embedded Systems, Robotics, Motion Control, Stochastic Modeling, System Design,
Multidisciplinary Engineering, Computer Engineering, Optical Engineering, Design Optimization, Material
Science, Metamaterials, Heat and Mass Transfer, Kinematics, Dynamics, Thermo-Dynamics, Energy and
Applications, Renewable Energy, Environmental Impacts, Structural Analysis, Fluid Dynamics and Architectural
Researches and other topics such as Urban Design, Interior Architecture and Cinematic Architecture.

Our strategy is to demonstrate new trends in science and technology subject to high quality standards
by ensuring a stringent peer review process.

It is our great pleasure to publish Volume 2, Number 2 of international journal, “Aurum Engineering
Systems and Architecture” (A-JESA) after serious review process.

I sincerely wish to thank members of the editorial board, reviewers and authors of this issue who have
generously contributed their time and knowledge to the work and the mission of the journal.

Prof. Dr. Osman N. UCAN
Editor in Chief
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Abstract

The health care industry produces a huge amount of data that collects complex patient and medical infor-
mation. Data mining is popular in various fields of research because of its applications and methodologies
to extract information correctly. Data mining techniques have the capabilities to find out veiled forms or re-
lationships among the objects in the medical data. In addition the most data mining algorithms that had
used in medical industry until this time are neural network including deep learning, SVM, Bayesian and fizzy
logic. The main reason of use these algorithms that because they are gave best results with high accuracy
with different type of medicine datasets. Finally, data mining continues with medicine industry to help peo-

ple with or solve different clinical problems.

Keywords: Data mining algorithms, Medicine, Classification.

TIPTA SINIFLANDIRMA YONTEMLERININ UYGULAMA ALANLARI

Ozet

Saglik endustrisi cok buytik miktarda veri tiretmekte ve bu veriler karmasik hasta ve saglik bilgileri icermek-
tedir. Veri madenciligi, veriden bilgi ¢cikarma uygulamasi oldugundan pek ¢cok alanda ¢ok poptilerdir. Veri ma-
denciligi yontemleri gerekli bilgi ve nesneleri medikal-tibbi veriden cikarilmak icin de kullaniimaktadir. Bugline
dek tip alaninda kullanilan veri madenciligi algoritmalari derin 6grenme, SVM, Bayes ve bulanik mantiktir.
Bunlarin kullanilmasindaki ana neden, farkl tiirdeki tip verilerine ¢cok dogru sonuglar verebilme yetenekleri-
dir. Veri madenciligi tip alaninda insanlara yardim etmeye ve cesitli klinik sorunlan ¢6zmeye devam edecektir.

Anahtar Kelimeler: Veri madenciligi, Algoritmalari, Tip, Siniflandirma.
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1. INTRODUCTION

Machine learning (ML) podia for medical purposes are also scarab the headlines the senses are a hole
to the heart we've all heard it before[1]. While popular sayings are not intended to be booked liter-
ally, recent research suggests there may be some truth to this one. Collaboration with Stanford Medi-
cal College, Google and its sister establishment, Verily Life Sciences, recently informed a deep learning
model that can identify the risks of cardiovascular disease from high photos of the retinal fundus At
about the similar time a group of experts from the University of California, San Diego, and the Univer-
sity of Guangzhou described an Al platform to examine and diagnose the common causes of severe
blindness at a stage where diseases are still treatable[2]. Further, the authors demonstrated the general
applicability of their automated learning system by demonstrating their potential to diagnose pneu-
monia in children using X-ray computer vision. Elevation can used to interpret echocardiography and
to do so more accurately than those of trained experts While these developments a good illustration
of the potential of artificial intelligence in imaging-based medical diagnosis is not complete unantici-
pated[3]. It is passable that machineries can supply great quantities of data and be trained to identify
patterns that are better than persons [4]. What is surprising is the speed with which this possibility is
unleashed now. Medical regulators have also opened doors to automated learning algorithms. The
authors wrote that what doctors pick up from data wants to be weighed heavily alongside what they
distinguish from their own medical skill. Overreliance On steering the machine may lead to self-fulfill-
ing prophecies. For example, if doctors always withdraw upkeep in patients with certain diagnoses,
such as severe prematurity or brain injury, they may learn automated learning systems that such di-
agnoses are always fatal.

Conversely, ML learning systems can help resolve disparities in health care delivery by compensating for
known biases or by locating where additional study is required balance the underlying data. However,
the challenge increases as the interest in data mining grows rapidly. In order to grip these problems with-
out using the traditional statistical methods, soft computing has emerged to be one of the encouraging
data mining solutions in this area.

2. METHODOLOGY

Solutions resulted from classification algorithm are commendable but as of now, none is diverse and
flexible to be accepted generally in the medical data classification community. Categorical variables
in medical data are occasionally useful to arrive at decisions and to generalize information. Categori-
cal data classification of disease and no disease sets is handy for data mining technique and also easy
to extract medical information. Data mining challenge are Heterogeneity of Healthcare Data, Volumi-
nous Data, Change Capture, Noisy, Redundant, Inconsistent, Incomplete Data, Incorporation of Con-
straints, Expert Knowledge and Background Knowledge in Data Mining, Imbalanced Data and useful-
ness of Interesting Patterns. There are list of the most focus of future machine learning classification
techniques in medicine field.
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2.1 Rule based Classification

In rule based classification learned model is represented as a set of IF-THEN rules[4]. The rules are col-
lected of two parts namely rule antecedent which is the If part and rule consequent - which is the else
part. An IF-THEN rule is of the form.

2.2 Bayesian Belief Networks (BBN)

Naive Bayes classifier assumes that the attributes are independent of each other but in real world sce-
nario, the attributes may be correlated as in the medical domain where a patient’s symptoms and health
state are correlated[5]. In practice dependencies can exist and hence Bayesian belief networks are used
to model the dependencies between attributes using joint conditional probability distributions. A Bayes-
ian Belief network consists of a) directed acyclic graph which shows dependencies among attributes and
b) Conditional Probability Table (CPT) associated with each attribute.

2.3 Artificial Neural Network (ANN)

An artificial neural network is a computational model based on biological neural systems. It consists of
interconnected Treatment elements are called nodes or neurons that work together to harvest an out-
comes task[6]. It is an adaptive system that changes its configuration based on exterior or interior infor-
mation that movements through the network in the learning time.

2.4 Fuzzy Logic

Fuzzy logic is a multivalued logic and is an effective tool to handle problems of uncertainty[7]. In crisp
logic the fact values of the predicates take only to two values either a (1) or a (0) whereas in fuzzy logic,
the truth values are multivalued and hence take values in the range (0 - 1). Fuzzy logic is being used to
deal with the conception of incomplete reality where the value of truth may range between perfectly
right and totally wrong.

2.5 Genetic Algorithm

Genetic algorithms (GA) are search algorithms based on normal choice and normal heredity. Provides
powerful examine abilities in difficult spaces. GA is an iterative process that runs on a population. An ini-
tial population consisting of randomly generated rules is created, where each rule is signified as string of
bits[8]. Every single in the populace is assigned a fitness value by means of a fitness function. Based on
the theory of existence of the rightest a new population (off springs) is formed consisting of the right-
est rules in the existing populace.

3. RESULTS

In the results of previous study until this time the most data mining algorithm which used in medicine with
different purpose like regression, clustering and classification we saw that the deep learning neural net-
work with logitboost, fuzzy logic, j84 and Bayesian techniques gave the better results with best accuracy.

In this figure below we shows that the used of machine learning techniques in medicine fields.
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Figure 1. The distribution of techniques with years[9].

Also when lock to the previous study we saw that the most data mining algorithm used with medical
sides or healthcare production datasets. We get that the support victor machine (SVM) and neural net-
work are the most data mining algorithms used in healthcare field and the other percentages divide
between other algorithms. In the figures below we show the different percentages for each algorithm
used in clinical field.

M Support Vector Machine
B Neural Network
H Logistic Regression
W Discriminant Analysis
B Random Forest
M Linear Regression
1 Naive Bayes
= Nearest Neighbor
I Decision Tree
Hidden Markov

i Others

Figure 2. The percentages of algorithms in healthcare[9].
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Figure 3. The percentages of most used algorithms in medical study[9].

In the figure above we showed that the most data mining algorithms used in medical study between

years (2014-2016) are deep learning, deep neural network, convolutional neural network and recurrent
neural network.

In addition we show the distribution of the most side in healthcare which take attract of researchers for

classification or clustering and regression between years (2013-2016) in the figure below we shows that
different distribution between most healthcare studies.
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Pregnancy B Year 2014
Digestive B Year 2015
Respiratory  Year 2016

Skin
Endocrine

Nutritional

0 500 1000 1500 2000 2500 3000

Figure 4. The distribution of most healthcare topics used[9].
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In the figure above we showed that the most medicine topic problem used with data mining algorithms
we saw that the most is neoplasms then nervous and cardiovascular which deals with heart disease so
heart disease problems take the most topic or attract of peoples scientific study around the wide world.

4. CONCLUSION

With the recent studies of medicine data that is supported by medical industry many researchers had
started, or are eager to start, exploring these data. In this paper we observe some data mining techniques
that have been employed for medical data and the most medicine topic used with data mining. As there
are voluminous records in this industry and because of this, it has become requisite to use data mining
techniques to help in decision support and prediction in the field of Healthcare to identify the kind of
disease. The medical data mining produces business intelligence which is useful for diagnosing of the
disease. Table 1 summarizes the medical data mining, its techniques used and for the related diseases.

Disease Technique Used

Extracting patterns & detecting trends using neural

networks [10].

Prediction models using decision tree algorithms such as ID3,C4.5, C5, and
CART [11].

Conventional Pathology Data

Coronary heart disease

Lymphoma Disease and

Lung Cancer Distinguish disease subtypes using Ensemble approach [12].

Predicate the probability of a psychiatric patient on the basis detected
symptoms using BBN Bayesian networks [12].

Identify frequency of diseases in particular geographical

area using Apriori algorithm [13].

Psychiatric Diseases

Frequent Disease

Liver diseases Classification using Bayesian Ying Yang (BYY) [13].

Categorization of skin disease using integrated decision

Skin Di

n bisease tree model with neural network classification methods[14].
Diabetes Classification of Medical Data using Genetic Algorithm [15].
Chest Disease Constructed a model using (ANN) [16].

Improving classification accuracy using naive

C Heart Di
oronary Heart Disease Bayesian [7].

Chronic Disease Prediction of Diseases Using Apriori Algorithm [17].

Accurate Classification of medical data using K- means,

self-Organizing map (SOM) and naive Bayes [18].

Diagnose (CVD) using classification

algorithm [19].

Familiarized an adaptive Fuzzy K-NN approach for diagnosing the disease
[20].

Breast Cancer

Cardio Vascular Diseases

Parkinson Disease

Table 1. Summary of medical data mining techniques.
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Abstract

The Libyan Integration and Development Program (LPFIAD) is an Internet-based service that supports stu-
dents to achieve educational opportunities in both graduates and students. This program was presented by
the Libyan government to ease the efforts of students and ensure reasonable opportunities among them.
This study is biased to a broad survey to gather people’s opinions about the system (to measure satisfaction
with the use of these services). The poll is designed to make candidates express their comments in depth af-
ter facing this system. The poll is designed to be online using an online survey platform from SurveyMonkey.
Once the candidate is logged on to the questionnaire page, he/she will begin to answer a total of 46 ques-
tions and have already been categorized. Once the answers have been obtained, we have collected all the
data including the candidate IDs and their comments, and we have applied the analysis to this data to eval-
uate the said system. The front neural Feeding Network (FFNN) is used in this study to learn from the candi-
dates’ answers and then submit the evaluation decision on a predetermined basis. Data is analyzed using
the Matlab program and the review results recorded by( Lpfiad) by 56%.

Keywords: Assessment. Education, Survey, Neural network, Scores, Performance, Target, Enhancement.
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LiBYA ENTEGRASYON VE KALKINMA PROGRAMI AG SiISTEMi PERFORMANSININ SiNiR
AGLARI YONTEMIiYLE DEGERLENDIRILMESi

Ozet

Libya Entegrasyon ve Kalkinma Programi, hem &gdrencilerin hem de mezunlarin egitimsel firsatlar yakala-
masina yonelik bir internet temelli hizmettir. Bu program, 6grencilerin islerini kolaylastirma hedefiyle Libya
hiikiimetine sunulmustur. Bu ¢alisma, insanlarin sistem hakkindaki gorislerini toplamak igin (bu hizmetlerin
kullanimindan memnuniyeti 6lgmek icin) genis bir ankete agirliklandiriimistir. Anket, adaylarin bu sistemle
karsilastiktan sonra yorumlarini derinlemesine agiklamalarini saglamak icin tasarlandi. Anket, SurveyMonkey
anket platformu kullanarak ¢evrimici olacak sekilde tasarlanmistir. Aday anket sayfasina giris yaptiktan sonra
toplam 46 soruya cevap verecektir. Tum yanitlar ulastiginda aday numarasi ve yorumlari dahil tiim veri top-
lanmis olmakta ve analiz gerceklesmeye baslamis olmaktadir. On beslemeli sinir agi bu calismada adayla-
rin cevaplarindan ders almak ve daha sonra dnceden belirlenmis bir sekilde degerlendirme kararini vermek
icin kullanilmistir. Veriler Matlab kullanilarak analiz edilmis ve (Lpfiad) kaydedilen inceleme sonuclari %56
olarak gerceklesmistir.

Anahtar Kelimeler: Degerlendirme, Egitim, Anket, Sinir agi, Sonuclar, Performans, Hedef, gelistirme.

1. INTRODUCTION

Information and Communication Technology (ICT) industry and the open doors it offers against the diffi-
culties numerous African nations look in their deliberate endeavors to take an interest completely in the
data society and learning economy (Kundishora, 2014). E-administration and the instruction and prepar-
ing divisions. It is vital to underscore the requirement for government to be e-proficient to ably oversee
and screen the ICT part administrative activities are conducted throughout the last two decades (Noor-
Ul-Amin, 2013). Education tends to be a collective effort with tutelage of high level of quality being tradi-
tionally associated with experienced tutors and instructors intensively interacting with individual learners..
being used in education ICT appears to be more appropriate in understudy scenarios. As this is the case
and with further rapid advancement of the world moving quickly into digital electronic media informa-
tion exchange, ICT as an element of education is becoming ,critical which will without doubt continue
well into this century. In a world of ever growing competitiveness, the implementation of communication
and education strategies for the establishment of new teaching and learning approaches becomes more
feasible through the use of highly developed ideas of management concepts in an increasingly demand-
ing and competitive world where nothing can be left to chance (Desjardins et al., 2001). Data society, de-
velopments in ICT have affected nationals’ conduct and additionally their coveted data prerequisites by
having on a very basic level changed the way how individuals function and impart (Wirtz et al.,, 2015).

2. METHODOLOGY

In an educational framework the basis of every strategic and performance based advancement is ac-
curate information; at the local and national levels there is a requirement for the study of an education
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information infrastructure and the extent to which the impact of usability besides interest expected.
Despite the relevance of education as part of laying the groundwork of data management data secu-
rity and data retrieval, there are no national policies or guidelines on the collection and management
of information and a national level appear to be non-existent.. The purpose of this study describes the
opinion question, perception questions, attitude, empowerment, performance of the education provid-
ers towards the Libyan Program for integration and Development Web page, decide upon the essential
categories with a markedly strong influence on training program besides determining the correlations
between the higher education and qualification skills. Participants were Libyan soldier’s providers, who
worked in public/private government. The total number of participants was 216, with (16.20%, 35) per-
cent female besides (83.80%, 181) percent male. Most participants ranged in age from 35-44. The level
of education was almost Master Degree, (42.08%, 93) from the total of participants. There were roles at
the practice which include the training of the Libyan students who their education is low as Diploma,
doctors were response rate (15.84%, 35) besides different categories of Libyan Program for integration
and Development Web page.

3. DEMOGRAPHIC CHARACTERISTICS OF THE PARTICIPANTS

Table 1.1 shows that 35 females and 181 males participated, over 80% of the whom were aged less than
35 years. The majority is of Higher education besides above, 42.08% Master’s degree as in table1.2. High
percentage of respondents in the 35-44 age group as shown in Table1.3.

3.1 Participants

Answer Choices Responses

Male 83.80% 181

Female 16.20% 35
Answered 216
Skipped 5

Table 1. The participant’s percent in male and female.

3.2 Education Level

Education Level

Answer Choices Responses
Diploma Degree 15.38% 34
Bachelor Degree 26.24% 58
Master Degree 42.08% 93
Doctoral Degree 15.84% 35
Professor Degree 0.45% 1

Table 2. The education level of the participants.
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3.3 Age
Age
Answer Choices Response Percent Responses

18-24 6.42% 14
25-34 40.37% 88
35-44 44.04% 96
45-54 8.26% 18
55-64 0.92% 2

65+ 0.00% 0

Table 3. The age of the participants.

4. ANALYTICAL METHOD AND PRACTICAL MODEL

The distribution of questionnaires was Libyan students who they are using Libyan Program for integration
and Development Web page. The aim of the study was to determine the influence of the Libyan Program
for integration and Development Web page five categories on the opinion question, perception ques-
tions, attitude, empowerment, performance on Libyan Program for integration and Development Web
page as well as the impact of demographic and educational training which followed the data gathering
phase being contingent upon descriptive research methods and inductive statistics. This study presents
and analysis of the pertinent statistics from information gathered through an Internet survey to expound
upon the opinion question, perception questions, attitude, empowerment, performance of the website
provider. In light of this , a questionnaire from past research was administered. However, Feed Forward
Neural Network (FFNN) is implemented to learn from candidate’s response in the survey and make the
decision accordingly. The survey data are obtained from the MonkeySurvey where all candidates are pro-
moted to access the questions and response to the same according to their own prospections and de-
pending on their personal experience in the Libyan Program for Integration and Development (LPFIAD).
preprocessing is initiating firstly. Whole processes are implemented in Matlab environments and is started
with reading the data file downloaded from MonkeySurvey web system. Data is going through several
process alike preprocessing, encoding, target preparation, Neural network training and results plotting.
These five steps are leading to a decision generation which provides the percentage of success to Lib-
yan Program for Integration and Development (LPFIAD). the answers are varying between four answers
which are: 1-2, 2-3, 3-4, 4-5. However, the candidate of longer period of LPFIAD experience is considered
more trusted to judge the system and give assessment. As per the provided sheet of whole responses
from MonkeySurvey system, some candidates are actually login into the survey but not given any an-
swer or published any reviews so we had filtered such content from the data and ignored the null can-
didates, Fig (2.1) demonstrating the preprocessing procedure
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Filter the null data

Split Yes & NO responses

Split the multichoice

Apply answer reliability

Initiate final format

Figure 1. Preprocessing procedure demonstration.

4.1 Neural Network Training

As very essential step in this project, neural network is developed to produce these results from any kind
of response of the same questions. Using the target of previous step, a Feed Forward Neural Network
is designed in two layers as per the Table (2.1) which including the design parameters of this paradigm.
Learning of any kind of response to the similar questions after passing the data from preprocessing step
can lead to perfect results by letting the neural network doing the same.

Parameter Value
Number of layers 3
First layer neurons 30
Second layer neurons 10
Maximum variance le-31

Table 4. The parameters that used to establish the Neural Network classifier.

The resultant training performance of this network are measured using the mean square error (mse)

mse = (-.."I— Dlz
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Where “I" is the input vector of data and “O” is the output of the neural network. Further the resulted
mse is lesser than 1*e-31 which means very small error in the training is resulted from this network and
hereby the performance of the same is good.

4.2 Analytical outcomes

The analysis of responses data begins as we converted the responses to numerical forms where each
question is equivalent to score from zero to five. Adding all the number per candidate will produce the
total score that given by each candidate. We had obtained percentage of each candidate feedback with
reference to the maximum score of each candidate as in figure 2.2 and table 2.2.

100 The percentage Assessment of each candidate responce
T T

Candidate responce

0 50 100 150
Active Candidate Nmuber

Figure 2. The percentage assessment of each candidate response.

Figure shows the percentage score from each candidate according to the feedbacks collected from them
by the survey. The x axis is representing the candidate number and y axis is representing the percentage
response of every candidate. The details value that taken to plot the above figure is tableted at appen-
dix. The minimum feedback was given by some candidates was equal to 1.69 % whereas the maximum
feedback was equal to 91.5 %. We can summarize the results of the above figure in the following table.



AURUM MUHENDISLIK SiSTEMLERi VE MiMARLIK DERGiSi
AURUM JOURNAL OF ENGINEERING SYSTEMS AND ARCHITECTURE

Term Details

Total number of subscribers excluding the null ones 146
The number of subscribers who have given > 50 % assessment to LPFIAD 63
The number of subscribers who have given > 90 % assessment to LPFIAD 1
The number of subscribers who have given < 50 % assessment to LPFIAD 83
The number of subscribers who have given > 60 % assessment to LPFIAD 42
The number of subscribers who have given > 70 % assessment to LPFIAD 25
The number of subscribers who have given > 80 % assessment to LPFIAD 18

Table 5. Interpretation the results of feedback percentage.

140 Questions [1-7] Yes, No questions score comparsion
T T T T T

120

100

80

Score

60

40

20

Question Number

Figure 3. The first seven question in the survey score results.

in the Fig (2.3) where it is demonstrating the first seven questions that can be answered with “yes” and
“no’, the first question which is states: are you having experience of using the internet (web)? The fig-
ure shows that more than 90% of the candidates are experiencing using the web network and it sounds
that all are using the internet in their life routine. The table below is demonstrating the first seven ques-
tion scores as per the candidate’s response.
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Question | Question contents Score that equivalent to
number number of candidates how
are answered positively
Do you have an experience on using Web site services? 135
2 Do you trust in management of Libyan Program for Integration and 115
Development Website?
3 The students classified in this category are represented by meetings, 120
seminars and workshops through the page
4 Do you think this Website will enhance the management procedures 112
of the government
5 The site will follow up the collection of each student to know his le- 106
vel of study
6 The site nominates links to benefit the student 105
7 What is the classification of this page as a new type of education and 126
human development in Libya High quality and performance

Table 6. The assessment of the questions as per the positively answered candidates.

For the first six questions that is holding the answers as yes and no, considering all the candidates in this sur-
vey, the scoring results of every question is listed at the table 2.3. the scoring results reveals that the major-
ity of the candidates are having experience in using the web applications and internet. Proceeding through
the remaining results, 115 candidates were trusting the Libyan Program for Integration and Development
Website, 112 candidates were thinking that Libyan Program for Integration and Development Website will
enhance the management process of the government. The lesser score was granted to the question of “dose
this service provide a benefit to the students?” the scoring for this question was 105 positive responses.

5. OVERALL SYSTEM DESCRIPTION

i -

F

Figure 4. The whole processed of the proposed paradigm.
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6. Conclusion

This article was in interest of project established to find the wortheness of Libyan Program for Integra-
tion and Development Website from the visitors point of view, the survey is established on SurveyMonky
web site which is a famous platform that conducting a lot of surveys is various areas. Survey is establish
so that clear vision can be obtained about this web service in order to state the final conclusion and sug-
gest a solutions of any drawbacks detected. After getting the data from the SurveyMonkey website, Mat-
lab is used to process the said data in multi-steps alike preprocessing and filtering. In order to analyze
the data, we converted the answers into scores using the Matlab and then data are filtered to remove
the effects of null users who are entered the survey but not actually participated with their feedbacks
so that all such users are ignored and omitted from the data. Data is made in such form to evaluate the
LPFIAD performance with percentage value; hence every candidate have undergone the calculation of
performance percentage. The total average performance of all the candidates are found 56 %. This study
included a smart way to learn the responses and take the decision automatically, Feed Forward Neural
Network is used to perform this function. The study shoes that some candidates are not totally realiz-
ing that LPFIAD can ensure the same chances for all candidates, this can be due their mind sets and not
actually real as this program is new and need some more time for getting users trust, on the contrary,
other candidates are satisfied with the program functionality. The reason made the survey response in
boundary of 56 % (moderated) not a high acceptability by the candidates may be the stringent norms
used by this study to evaluate the survey responses as we relied on each candidate on his back ground
and his knowledge of using internet and e-government staff.
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Ozet

Atmosferde bulunan sera gazlarinin giderek artmasi, cagimizin en énemli sorunu olan kiresel 1sinmaya ne-
den olmaktadir. Fosil yakitlar, hizli nlifus artigi, yeterince agaclandirma yapilmamasi, ormanlarin tahrip edil-
mesi, hizli sehirlesme, yanlis arazi kullanim politikalar gibi nedenler kiiresel isinmanin etkilerini artirmakta-
dir. Tirkiye'de de 6zellikle hizl nufis artisinin gorildigi Marmara Bolgesi'nde iklim degisiminin kismi etkileri
goriilmektedir. Bu calismada secilen Marmara Bolgesi icin bitki 6rtlisti degisiminin yagdisla iliskisi matematik-
sel modellere dayali olarak analiz edilmistir. Bu makalede NASA'ya ait MODIS uydusunun TERRA bandindan
alinan Marmara Bélgesine ait 2011-2016 yillan arasi YA (Yaprak Alan indeksi) verilerinin yerel ve zamansal
degisiminde sehirlesme, go¢ vb. etkilerin rolui incelenmistir. Marmara Bolgesi'nde yer alan 10 istasyondan
(Edirne, Tekirdag, Canakkale, Balikesir, Bursa, istanbul, Sakarya, Kocaeli, Bilecik, Kirklareli) alinan yagis verile-
rinin degisimi bitki értiisii verileri ile birlikte yorumlanmistir. Bu illerden en duisiik ve en yiiksek ortalama YAi
degerine sahip 2 il ayrintili olarak incelenmistir. Sakarya ilinin en yiiksek ortalama YAI degerine sahip olma-
sinda niifus yogunlugu ve yapi sayisinin az olmasi etkilidir denilebilir. Buna karsin orman varliginin azligi ve
topraklarinin biiytik bélimiiniin tarim arazisi olarak kullanilmasi, Tekirdag ilinin en disiik YAI ortalamasina
sahip olmasinin nedeni olarak gésterilebilir. Sonug olarak YA ile yagis arasinda negatif korelasyon oldugu
goézlemlenmistir. YAI ile yagis degisimi arasinda illere gére farkliliklar gézlenmekle birlikte 5-6 aylik zaman
kaymasi dikkat cekmektedir. Topraktan bitki tiyelerine suyun transferindeki gecikmenin bu zaman kayma-
sina neden oldugu sdylenebilir.

Anahtar Kelimeler: YAi, Marmara Bélgesi, Kiiresel Isinma, MODIS.

STATISTICAL ANALYSIS OF VEGETATION INDEX DEPENDING ON PRECIPITATION

Abstract

The ever-increasing greenhouse gases in the atmosphere cause the most important problem of our era, the
global warming. Fossil fuels, population growth, insufficient afforestation, destruction of forests and urbani-
zation increase the impact of global warming. The effects of climate change have also been felt in Marmara
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Region, where rapid population growth has been observed. In this study, some signals of climate change
have been noticed in Marmara Region by analyzing vegetation cover based on mathematical modelling. The
LAI (Leaf Area Index) data for 2011-2016 of the Marmara Region were taken from the TERRA Band of MODIS
satellite belonging to NASA to examine spatio-temporal variations of vegetation index in terms of urbaniza-
tion, migration etc. In addition, descriptive statistics of rainfall data from 10 stations (Edirne, Tekirdag, Canak-
kale, Balikesir, Bursa, istanbul, Sakarya, Kocaeli, Bilecik, Kirklareli) in the Marmara Region have been analyzed.
Hereby, the change in rainfall amount due to global warming has been analyzed. Among these provinces, 2
of them with the lowest and highest mean LAl values were examined in detail. It can be said that the pop-
ulation density and the small number of buildings are effective in having the highest average LAl value in
Sakarya province. On the contrary, the lack of forest assets and the use of a large part of the land for agricul-
ture can be cited as the reason why Tekirdag province has the lowest LAl average. As a result, negative cor-
relation between LAl and precipitation has been observed. Accordingly, depending on the cities, 5-6 months
time lag between LAl and precipitation attracts attention. It has been attributed that the delay of vegetation
was caused by some delay of transferring water from soil to the plant members.

Keywords: LAl, Marmara Region, Global Warming, MODIS.

1. GiRis

Marmara Bolgesi'nin niifusunun hizla artmasi, bolgenin git gide daha fazla yerlesime acilmasi bitki 6rti-
stinti olumsuz yénde etkilemektedir. Tuirkiye'nin en kalabalik sehri istanbul bu bélgemizde yer almakta-
dir. Sehir yasantisiyla bir cok olanagi barindiran bu biiyiik sehir en fazla go¢ alan illerimizdendir. Kentles-
menin hizla orman tahribine yol agmasi bdlgedeki ekolojiyi tehdit etmekle kalmayip daha fazla plansiz
kentlesmeye sebep olmaktadir (Akin, Sunar & Berberoglu, 2015). istanbul iline dair yapilan bir arastirmada
kirresel isinmanin belirgin etkilerinden biri olan yagis miktarinda artis kaydedilmistir (Aslan ve ark., 2016).
Kuresel isinmanin etkilerini saptayabilmek amaci ile bu ¢calismada Marmara Bolgesi'nin bitki 6rtiisti degi-
simi incelenmistir. inceleme alani tiim Marmara Bélgesi'ni kapsamaktadir.

Kiresel 1sinmanin git gide daha biyik bir tehdit haline gelmesi, tilkemizin bu tehlikeden ne kadar etki-
lendigi ve gelecekte neler olabilecegine dair calismalan hizlandirmistir. Ozellikle fosil yakitlardan kaynak-
lanan sera gazlari atmosferdeki CO,, N,O ve CH, konsantrasyonunu artirmistir. Yiizey sicakligi 2003-2012
yili araliginda yaklasik olarak 0.78 °C artmistir (Stocker, Qin & Plattner, 2013). Son yayinlanan IPCC rapo-
runa gore, ylizey sicaklig GISS veri seti dikkate alindiginda 1901-1950 yillari arasinda 0.090 + 0.034 °C iken
1979-2012 yillari arasinda 0.161 + 0.033 °C degerine yiikselmistir (IPSS, 2014). Asin sicaklar, asir yagislar,
sel ve kuraklik, deniz seviyesindeki artis kiiresel isnmanin iklim Gzerindeki belli bash etkileridir. Okyanus-
lardaki su sicakliginin artmasiyla birlikte; yakinda bulunan karasal alanlarin 1sinmasi, hidrat ayrisimi so-
nucu metan gazi salimimi, diisiik oksijen ¢éziinmesi, hidrolojik dongliniin artmasina bagh yikselen nem
ve artan yagislar gorilmektedir (Laffoley & Baxter, 2016). Kiiresel isinma sonucu meydana gelen CO, ar-
tisi sularda siyanobakterilerin cogalmasina dolayisiyla diger canlilar icin tehlike olusturmasina neden ol-
maktadir (Petra, Jolanda & Giovanni, 2016).
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Gelisen teknoloji ile uydulardan elde edilen verilerle anlik saptamalar ve gelecege yonelik tahminler ya-
pilabilmektedir. Uydu verileri analizleri bu ydonde en ¢ok basvurulan ve giivenilen bir yontemdir (Erttirk
ve ark., 2012). Uzaktan algilama teknikleri ile bitki orttistiine dair verileri elde etmek mimkin olmaktadir.
iklimdeki degisimler incelenmek istendiginde cogunlukla NDVI (Normalize edilmis bitki 6rtiisii indeksi)
g6z éniine alinmistir. Bu makalede YAI (Yaprak Alan indeksi) degisimleri géz dniine alinmistir. YA, bir eko-
sistemdeki yaprak miktarinin 6l¢lim degeridir. Fotosentez, solunum, yagis ve bitki orttisii Gizerinde iklimle
ilgili degisimlerin etkisi s6z konusudur. Ulkemizde yapilan bir arastirma sonucu YAl ile tahil {iriin verimi
arasinda 6nemli bir iliski ortaya ¢cikmistir (Kizilgegi ve ark., 2017). Bunun icin melez bir tahil tiirii olan tri-
tikaleden faydalanilmistir. Sonug olarak YAI Gizerine yapilacak calismalarin tritikale islahinda yol gésterici
olacagi ortaya cikmistir. Boylelikle tritkalenin tane verimi arttirilarak artan niifusun ihtiyaclarinin ekonomik
olarak karsilanmasi miimkuin olacaktir. Liang ve ark. (2014) yaptiklar ¢alismada diinya genelinde 1981-
2012 dénemini kapsayan YAI degerlerini inceleyerek batidan doguya gidildikce bitki drtiistiniin zengin-
lestigini saptamistir. Cin'de agaglandirmay arttirmak amaciyla baglatilan programlarin olumlu sonuclari
YAI degerlerindeki artistan acikca goriilmektedir. Sonug olarak YAi'nin bitki 6rtiisiindeki degisimleri ince-
lemede glivenilir sonuglar sagladigi sdylenebilir.

Témros ve Mentel (2014) YAI ile yagis arasindaki iliskiye yonelik bir calisma yapmiglardir. Bu calismaya
gére dogrusal korelasyon analizi sonucu YAl ile yagis arasinda anlamli bir iliski oldugu ortaya konmus-
tur. YAI'nin yagisin bir fonksiyonu oldugu gézlenmistir. YAi ile yagis arasindaki iliskiye dair iran'da yapilan
bir calisma sonucu bu iki degisken arasinda dogrusal olmayan bir iliski ortaya ¢cikmistir (Davoodi ve ark.
2017). Arastirmacilar YAl ile yagis arasinda 3 aylik bir zaman kaymasi tespit etmislerdir. MODIS YAI ve si-
mulasyon sonucu elde edilen YAI degerleri su stresi olmayan aylar disinda yiiksek korelasyon géstermistir.
Gliney Amerika'da yapilan bir ¢calismada YAI ve yags iliskisi incelenmistir (Anderson ve ark. 2015). Sonug
olarak Amazon Bélgesinde YAl ile yagis arasinda negatif korelasyon oldugu belirlenmistir. Bunun sebebi
tam net olmamakla birlikte iki faktoriin etkin olmasi s6zkonusu olabilir. Bu iliskide biyofiziksel veya bu-
lutluluk ve konsantrasyonu yiiksek atmosferik gazlarin YA verilerini yaniltmasinin rol oynadigi séylenebi-
lir. YAI ile yagis arasinda daha kisa bitki értiisiinde pozitif korelasyon olustugu gériilmiistiir. Malide bitki
ortiisti Gizerine yapilan bir inceleme sonucu YAl ile ortalama yagis ve sicaklik arasinda yiiksek korelasyon
gdzlenmistir (Rian ve ark. 2009). Bitki yogunlugu azaldikca YA ve yesillik nemle birlikte azalmaktadr. Cip-
lak toprakta buharlasma orani artmakta ve yesil alan yerini daha kuru ortama birakmaktadir. Savanalar
Bolgesinde yapilan bir calisma sonucu yagis yogunlugu ile aga¢ yogunlugu arasinda negatif korelasyon
bulunmustur (Xu, Medvigy & Iturbe, 2015). Yagis sartlari iyi oldugunda otlarin blytimesi agaclara kiyasla
daha hizl olsa da kurak sartlarda daha hizli yok olmaktadir. Bunun nedeninin farkl su kullanim strateji-
leri olarak g&sterilmektedir. Otlarin cogalmasi YAI degerinin artmasi demek oldugundan yogun sulama
ile bu iliskinin pozitif yone cevrilecegi tasarlanan model ile saptanmistir. Bu makalede ise YA ile yagis ara-
sindaki iliski istatistiksel olarak yorumlanmustir. YAl ve yagista meydana gelen degisim farkli istasyonlarda
incelenmis ve bu degisimin sebepleri lizerinde durulmustur.

1.1 Veri ve inceleme Bolgesi

MODIS'ten Marmara Bolgesi'ndeki 10 sehre (Balikesir, Bilecik, Bursa, Canakkale, Edirne, Kirklareli, Kocaeli,
Sakarya, Tekirdag, istanbul) ait enlem boylam degerleri girilerek, 1 Ocak 2011 ile 31 Aralik 2016 tarihleri




GAMZE MADEN, ZAFER ASLAN

arasi YAI verileri secilmistir. Yagis verileri ise illere ait meteoroloji istasyonlarindan elde edilmistir. Toplam
Marmara Bolgesine ait 1440 adet YAI ve yagis verisi gzéniine alinmigtir. 1 Ocak 2011 ile 31 Aralik 2016
yillari arasi veriler aylik olarak degerlendirilmistir. Toplam olarak her bir sehir icin 72 adet YAI ve ayni sa-
yida yagis verisi elde edilmistir.
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Sekil 1. inceleme Bélgesi (Maden, 2018)

1.2 Yontem

istatistiksel analizde her sehir ayri ayri incelenmistir. istatistiksel modellemeler ve kiimeleme R Studio
programi kullanilarak R dili ile yapilmistir. istatistiksel modellemede box diyagramindan yararlanilmis-
tir. YAl icin box diyagramlari MODIS arsivinden alinmis, ve yagis icin R Studio programinda cizdirilmistir.
Her iki degisken aylik ve yillik olarak incelenmistir. YA ve yadis arasindaki iliski Pearson Korelasyon Yén-
temi ile incelenmistir.

2. ANALIz

illere gére YAI ve yadisa ait bazi istatistiksel parametreler Cizelge 2.1 ve 2.2'de verilmistir. Cizelge 2.3'de il-
lere gére YAi-yadis korelasyon bilgileri yer almaktadir. Buna gére Bilecik, Edirne ve Tekirdag illerinde YAI
ve yadis arasinda anlamli farkliik bulunmamaktadir (0=0.05). illerin korelasyon katsayilarina bakildigi
zaman YA ile yagis arasinda negatif korelasyon oldugu gérilmektedir. Aylik dagiimlarin yer aldigi gra-
fiklerde YAI ile yagis arasindaki zaman kaymasi dikkat cekmektedir (Sekil 2.1.1, Sekil 2.2.1). Topragin su
tutma kapasitesine bagl olarak, bitki yogunlugu artana kadar yagisi biinyesinde tutmasi sonucu olusan
gecikme bu kaymaya neden olmaktadir. Farkli inceleme bdlgelerine gore degismekle birlikte yagis ben-
zer ekstremlerin gdzlenmesinde 5 veya 6 aylik gecikme saptanmustir.. Balikesir, Bilecik, Bursa ve istanbul
illerinde 5 aylik, diger illerde 6 aylik zaman kaymasi gdzlenmistir (Maden, 2018). En yiiksek ortalama YAI
degerine sahip il Sakarya, en diisiik ortalama YAI degerine sahip il ise Tekirdag olarak tespit edilmistir.
Tim inceleme bolgelerinde YAl ve yagis degerlerinde porzitif carpiklik belirlenmistir.
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YAI Min. Maks. Ort. s s? Mod Medyan |Range | Carpiklik | Basiklik
Edirne 0.24 1.84 0.84 0.45 0.21 - 0.71 1.61 03944 |[1.9012
Kirklareli |0.32 2.39 1.23 0.69 0.48 - 1.27 2.07 0.1009 | 1.400
Tekirdag |0.2 2.06 0.81 0.53 0.28 - 0.64 1.86 0.7691 |2.3828
Canakkale |0.52 246 144 0.58 0.33 - 1.48 1.93 0.0689 |1.5813
Balikesir | 0.37 2.26 1.12 0.54 1 - 1 1.9 04527 |2.1306
istanbul 0.38 2.73 1.38 0.73 0.53 - 1.27 2.35 0.2405 |1.5922
Kocaeli 0.39 344 17 0.93 0.87 - 1.52 3.05 0.1520 |[1.5314
Sakarya 0.33 3.36 17 1.01 1.02 - 1.48 3.03 0.1168 |1.4152
Bilecik 0.26 2.08 1.02 0.55 0.3 - 0.93 1.83 0.2971 |1.6788
Bursa 0.37 243 1.28 0.63 0.39 - 1.15 2.06 0.1580 |1.5344
Cizelge 1. YA verilerine ait istatistiksel parametreler (Ocak 2011-2016 Aralik) (Maden, 2018)
Yagis Min. | Maks. |Ort. s s? Mod Medyan |Range Carpiklik | Basiklik
Edirne 0 1834 |53 45 216 0 44 183.6 0.7307 |2.7066
Kirklareli 0 215 54 46 216 0,57,33 43 215 1.0307 |3.7579
Tekirdag 0 182 47 44 194 0 32 181.9 1.1693  |3.8831
Canakkale |0 197 49 45 201 0 46 197.1 1.0320 |3.9295
Balikesir 0 183 53 49 236 0 39 183.2 0.7558 [2.6790
istanbul 0.2 173 45 39 154 13.4,3.4,50|35 174.5 1.1895 | 4.1030
Kocaeli 0 280 70 50 245 874 64 279.8 14295 |6.4612
Sakarya 5 284 76 53 285 294,36 67 278.5 1.2151 49420
Bilecik 0 136 43 31 971 46.7,0 36 136.2 0.5855 [2.6479
Bursa 0 169 54 42 175 254,0 48 169.2 05253 [24424
Cizelge 2. Yags verilerine ait istatistiksel parametreler (Ocak 2011-2016 Aralik) (Maden, 2018)
il R R p-degeri il R R2 p-degeri
Balikesir -0.3123 0.0975 0.0076 Kirklareli -0.2651 0.0703 0.0245
Bilecik -0.1762 0.031 0.1392 Sakarya -0.3329 0.1108 0.0043
Bursa -0.4783 0.2288 2.2e-05 Kocaeli -0.4128 0.1704 0.0003
Canakkale | -0.4675 0.2186 3.4e-05 Tekirdag -0.1776 0.0315 0.1347
Edirne -0.1509 0.0228 0.2085 istanbul -0.3932 0.1546 0.0006

Gizelge 3. YAi-Yagis verileri (N=72) (Ocak 2011-Aralik 2016) (Maden, 2018)

2.1 Sakarya iline ait istatistiksel Analizler

inceleme bélgeleri arasinda en yiiksek YAl degerlerine sahip olan Sakarya iline ait YAi ve yagis verileri-

nin zamansal degisiminin (N=72) karsilastinimasina Sekil 2.1.1'de yer verilmistir. YAl-Yagis iliskisi incelen-

diginde, Tekirdag, Edirne, Bilecik ve Kirklareli hari¢ diger istasyonlarda a<0,01 giiven seviyesinde anlamli

iliski s6z konusudur. YAI verileri Mayis-Agustos aylari arasi maksimum degerlerini almakta; Yagis ise Ocak,
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Ekim ve Aralik aylarinda maksimum degerlerine ulasmaktadir (Maden, 2018). Her mevsim bagslangicinda
genelde yagdis miktari artmaktadir.

2011-2016 YAI-Yagis Grafigi-Sakarya

35

— YAGIS
YAl

YAI-Yadis
20

15

08

Aylar

Sekil 2. Sakarya YAi-Yagis aylik dagilimi (Ocak 2011-Aralik 2016) (Maden, 2018)

Aylik box diyagrami YAi verileri incelendiginde Haziran ve Temmuz ayinda en yiiksek degerleri almistir. Bu

aylarda verilerin %75'inin Q3 (3.5) degerlerinin altinda degistigi gdrulmustir. En dusuk degerleri Aralik ve
Ocak ayinda almistir. Degerlerde Nisan ve Eylil aylarina geciste buylk farklar yasanmustir (Sekil 2.1.2a).

Aylik yagis verileri incelendiginde ise sinif orta (medyan) degerlerinin (Q2) kistan ilkbahara dogru azaldig
gorilmektedir. Temmuz ayinda en diisiik degerini almis, Agustos'tan sonra tekrar ylikselmeye baslamistir.
Kasim'da medyan degeri diismustir. Verilerin %75i Q3 (5 mm) degerinin altinda kalmustir (Sekil 2.1.2b).

Subset Values by Month
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Sekil 3. Sakarya ili aylik box diyagrami: (a) YAI ve (b) yagis (Ocak 2011-Aralik 2016) (Maden, 2018)
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Yillik box diyagrami YAI verileri incelendiginde %75'inin Q3 (3) degerlerinin altinda degistigi goriiliirken
%251 Q1 (1) de@erinin altinda kalmustir. Sinif orta degerleri 2016 yilinda en yiiksek degeri almistir. 2012-
2013 yillar YAi degerlerinin en yiiksek degerlere sahip oldugu yildir (Sekil 2.1.3a).

Yillik yags verileri incelendiginde ise 2011 yilinda en diisiik yagis degerleri kaydedilmistir. 2015 yilinda
verilerin %75'i Q3 (25 mm) degerinin altinda kaydedilmistir. 2015 yilinda ortalama 40 mm Gstlinde mak-
simum yagislar gorilmustur (Sekil 2.1.3b).

Subset Values by Year
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Sekil 4. Sakarya ili yillik box diyagramu: (a) YAI ve (b) yagis (Ocak 2011-Aralik 2016) (Maden, 2018)

2.2 Tekirdag iline ait istatistiksel Analizler

Tekirdag iline ait YAI ve yagis verilerinin zamansal degisiminin (N=72) karsilastinlmasina Sekil 2.2.1'de yer
verilmistir. YAl verileri Nisan ve Mayis aylarinda maksimum degerlerini almakta; Yagis ise Ekim ve Aralik
aylarinda maksimum degerlerine ulasmaktadir (Maden, 2018). Her mevsim bagslangicinda genelde yagis
miktar artmaktadir.

2011-2016 YAl-Yagis Grafigi-Tekirdag
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Sekil 5. Tekirdag YAi-Yagis aylik dagilimi (Ocak 2011-Aralik 2016) (Maden, 2018)
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Aylik box diyagraminda YAI verileri incelendiginde Nisan ve Mayis ayinda en yiiksek degerler gézlenmis-
tir. Nisan ayinda verilerin %25'i Q1 (1.5) degerinin altinda kalmistir. %75'i ise Q3 (2.5) degerinin altinda-
dir. En diisuk degerler Kasim ayinda kaydedilmistir. Sinif orta degeri Ocak ayinda Aralik ayina kiyasla ar-
tis gostermistir. Mart ve Haziran aylari degerlerde buyik farklarin gorildigu aylar olmustur (Sekil 2.2.2a).

Aylik yagis verileri incelendiginde ise sinif orta degerlerinin (Q2) yaz mevsiminden kis mevsimine dogru
sonbahar boyunca genelde yiikseldigi gorilmektedir. Temmuz ayinda en diistik yagis degerleri kaydedil-
mistir. En ylksek degerler genelde Ekim ayinda gozlenmistir. Aralik ayinda 15 mm Gstlinde maksimum de-
gerler saptanmistir. Medyan degerleri yil icinde 6nemli degisim gdstermistir. En blyiik genlik Eylil ayinda
kayedilmistir. Kasim ayinda diger illere oranla daha az yagis kaydedilmistir. Verilerin %751 Q3 (5 mm) de-
gerinin altinda kalmistir (Sekil 2.2.2b).
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Sekil 6. Tekirdag ili aylik box diyagrami: (a) YAI ve (b) yadis (Ocak 2011- Aralik 2016) (Maden, 2018)

Yillik box diyagrami YAI degisimi incelendiginde verilerin %75 Q3 (1.25) degerinin altinda gériiliirken
%25'i Q1 (0.5) degerinin altinda kalmistir. Medyan degeri 2014 yilinda en yiksek degerini almistir. 2014
yil ayni zamanda en yiiksek YAi degerlerinin kaydedildigi yil olmustur (Sekil 2.2.3a).

Yillik yadis verileri incelendiginde ise diger illerden farkli olarak 2011 yilinda en yliksek orta degerler kay-
dedilmistir. En distik degerler ise 2016 yilinda gozlenmistir. 2014 yilinda medyan en yiiksek degerdedir.
2011 yihinda verilerin %751 Q3 (20 mm) degerinin altinda kaydedilmistir. En yiksek yagis miktari 2011 yi-
linda kaydedilmistir.
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Sekil 7. Tekirdag ili yilik box diyagrami: (a) YAI ve (b) yagis (Ocak 2011-Aralik 2016) (Maden, 2018)

3.SONUC

Ulkemizde de etkileri hissedilen iklim degisimi géz éniine alindiginda bitki értiisiiniin bu degisime nasil
bir tepki gosterdigini bilmek 6nemlidir. Bu calismada bitki orttistintin yadis ile iliskisi incelenmistir. Mar-
mara Bolgesi'nde yer alan 10 il arasinda, en yiiksek ortalama YAi degerine sahip Sakarya ve en duisiik or-
talama YAI degerine sahip Tekirdag ili verileri ayrintili olarak analiz edilmistir. Analiz icin 2011-2016 dénemi
secilmistir. Her bir sehir icin 6 yillik toplam 72 YAI ve 72 yagis verisi incelenmistir. inceleme bélgelerinde
genel olarak Nisan, Mayis ve Haziran aylan en yiiksek YAI degerleri gézlenmistir. En diisiik YAl degerleri
ise Kasim, Aralik ve Ocak aylarinda (sonbahar sonu ve kis mevsimi bagi) kaydedilmistir. Yagis degerleri in-
celendiginde ise sonbahar aylarinda en yiiksek degerler kaydedilmistir. En diistik degerler ise Temmuz
ve Agustos aylarinda (yaz mevsimi) kaydedilmistir. Niifus yogunlugu ve yapi sayisinin az oldugu illerde
YAl ile yags iliskisi anlamli bulunmustur (Maden, 2018). Sakarya ilinde YAi-yagis iliskisinin anlamli olma-
sinda niifus yogunlugu ve yapi sayisinin az olmasinin etkili oldugu séylenebilir. Buna karsin Tekirdag ilin-
deki orman varliginin azhig, topraklarinin biiylik bélimiindn tarim arazisi olmasi Marmara Bolgesi'ndeki
en dsiik ortalama YAI degerine sahip olmasinin aciklayici nedeni olarak gésterilebilir. Sonuc olarak YAi
ile yagis arasinda negatif korelasyon oldugu goériilmektedir. Topragin yagdisi bitki Giyelerine transferinde
yasanan gecikmenin bu zaman kaymasina neden oldugu sdylenebilir.
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Abstract

The Theory of computational complexity is an essential branch of study in the science of theoretical com-
puting and mathematics. The resolution of Polynomial and Non Polynomial problems is one of the main
problems that have open solutions, for which no famous efficient algorithm exist. The Problem of Traveling
Salesman (TSP) is an example of these problems. Such a problem include, a count of specified cities must
be visited by a traveling salesman where both start and end points will be the same city and getting a tour
of all cities so that the complete distance or time is minimized will be the aim. The application of Optimiza-
tion algorithms is one of the famous methods of the solution regarding to the TSP. These algorithms usually
simulate the occurring phenomena in nature. Currently there exist several of such algorithms; for example,
Genetic Algorithm (GA) and Optimization of Ant Colony (ACO).

This paper aimed to compare two approaches, GA and ACO for solution of TSP. The results obtained from
our experiments showed that the ACO is better than GA since it requires less execution time for solving the
same problem.

Keywords: Problem of Traveling Salesman, Optimization, Genetic Algorithm, Optimization of Ant Colony.
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GEZGIN SATICI PROBLEMININ C6ZUMU iCiN KARINCA KOLONI VE GENETIK
ALGORITMALARININ KARSILASTIRILMASI

Ozet

Polinom zamanda ¢oziilebilecek (P) ve polinom zamanda dogrulanabilecek (NP) problemlerin bilinen et-
kin bir algoritmasinin olmamasi, hesaplamadaki karmasiklik teorisinin teorik hesaplama ve matematigin ge-
rekli bir bilimsel calisma kolu olmasini saglamistir. Gezgin satici problemi (GSP) bu tlr problemlere 6rnek-
tir. Bu problemde, satici tarafindan belli sayida sehirin ziyaret edilmesi istenir. Baslangic ve bitis sehri olarak
ayni sehir ele alinir. GSP’'nin amaci bir turu en az mesafe ve zamanda bitirmesidir. Evrimsel algoritmalar, GSP
¢6zUmu icin kullanilan popdler yontemlerdendir. Bu algoritmalar genelde dogada olusan olaylarin benzesi-
mini temel almaktadir. Glniimtizde, karinca kolonisi eniyilestirmesi (KKE) ve genetik algoritma (GA) bu tir
algoritmalara 6rnektir. Bu tez kapsaminda, GSP ¢6ziimi KKE ve GA ile gerceklestirilerek sonuclari karsilasti-
nlmistir. Deneyler sonucu elde edilen sonuclar, KKE nun GA dan daha basarili sonug verdigi ve ayni proble-
min ¢6zim icin daha az zaman kullandigi gorilmustr.

Anahtar Kelimeler: Gezgin satici problem, Eniyilestirme, Genetik Algoritma, Karinca Kolonisi Eniyilestirme.

1. INTRODUCTION

Several groups of complexity exist that differentiate problems according to their “difficulties” Recently the
only identified method that assured to solve optimally the problem of traveling salesman of every size,
is through computing every tour that is possible and inspection for the tour with lowest cost. Therefore,
in mathematics of computation the TSP is an example of the intensively studied problems [1].

Optimization is consider as an example of the best significant tasks of engineers, which the engineer
permanently enquired to design further effective and cheap systems in addition to invent such tech-
niques and plan to progress tasks of running systems in several arenas mainly in the world of industry
and scientific [2]. The (TSP) is a polynomial hard and nondeterministic problem in combinatorial optimi-
zation studied in researches of operations and algorithms, also studies of theoretical computer science.

The basic problem generally summarized as there are a group of cities with their distances among them
or costs, all cities must be visited by a travelling salesman, but on travelling he need to minimize time,
therefore we want to find the appropriate series of cities to lessen the distances or traveled costs.

When M different cities are travelled by a salesman. The most essential question is: In what recommended
concatenated set of cities must he visited to lessen the cost or traveled total distance [3].

Social insects for example ants, bees, wasps, and termites live in nearly every habitat land on earth. An
(ACO) technique is an optimization approach inspired its behaviors from ants to solve problems of com-
binatorial optimization [4].

(ACO) is an example of the furthermost effective methods in the broader field of swarm intelligence. En-
vironment is used as a medium of communication by the ants and deposits pheromones used in process
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of interchanging information indirectly among ants, all particularizing the situation of their“action”. Algo-
rithm of ACO models the conduct of actual ant’s colonies in establishment the shortest route among nests
and sources of food. The pheromone is released on the ground by ants while routing from their nest to
food and after that return to the nest. The movement of ants is depend to the quantity of pheromones,
the richer the trail of pheromone on a route is, the further probable it would be trailed by other ants. So a
shorter route has higher quantity of pheromone in probability, ants will tend to select a shorter route [4].

Genetic algorithms (GA) are a relatively novel approach of optimization which can be useful in several
problems, containing those that are NP-hard. The approach does not guarantee an ideal solution, how-
ever it generally offers good estimates in a reasonable amount of time. This, therefore, would be a good
method to try on the TSP, which is an obvious of the most well-known problems that are NP-hard [5].

GA are insecurely constructed on evolution of nature and utilize a technique of “survival of the fittest’,
where the best solutions survive and are varied until we obtain a result that is good and accepted [6].

Thus, now days there are different solving algorithms to solve TSP, like Genetic Algorithm, ACO and Bee
Colony. As a result, for their solution the users must identify the type of approaches and algorithms so
well to overawe of these kinds of problems [7].

According to this concept, the analysis of two most common solution algorithms of the TSP are based
on (GA) and (ACO) which are studied and applied in this paper.

2. METHODS

2.1. Traveling Salesman Problem
Traveling Salesman Problem is a really significant problem in operational research.

TSP is a kind of common problem which shows one from to solve the further difficult ones. Tour of Ham-
iltonian starts from a specified city, visiting each of the particular groups of cities and after that return
back to the starting city of departure. TSP is the shortest route in a circuit ensuring that it only once will
passes all vertices [8].

To represent the TSP as a mathematical formulation, we assume that there is a set of different cities {C,
C...C} and an edge corresponding to each couple of cities {C, Cj} with a path that is closed C ={C

a(n)’

Ca(z) Ve Ca(M) }. For the salesman the aim is to obtain a set of cities so that the distance or total cost is de-

creased. The minimum obtained result is known as the optimal result. Eq. (1) gives the objective function:
M-1

Zia1 d(C,).Cagen)td(Capp-Cory) ()

It is known as specified group of m cities, named {c,.c, ,....c_} and permutations, s, ,.., ,s_ ! The goal is
to select g, such that the summation of totally distances of Euclidean in a tour among cities is reduced.
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TSP topic can be solved through enumerating (m-1)!/2 to calculate number of possible routes, where
m represent the cities count and after that choosing the path that has the length which is the shortest
among all routes [9].

The optimization algorithms based on population and nature are the methods which are in the class of
the recent dependent methods of optimization. GA's and ACO’s are considered as the methods of prob-
lem solving stimulated depending on nature that could be observed.

Evolutionary Algorithms (EAs) are good search techniques, which are based on search method as exist in
the nature, such method ensures that the fittest solution will survive and the bad solution will discarded.
To perform a search process in EA, the solutions will represented as population. The repetition of an EA in-
clude choosing the best solution among all solutions in the population depending on a competitive which
leads to the continuing existence of the fittest and poor solutions are eliminated from the population.

During last 50 years four main paradigms of evolutionary algorithm have been presented. Among those
genetic algorithm is an approach of computation, suggested mainly in 1975 by Holland. Besides that,
in 1992, Beckers proposed the heuristic of ACO which is founded on the idea that the shortest route be-
tween the food and the nest is constructed by real ant. A group of artificial ants are utilized by the algo-
rithm, and collaborate through exchanging knowledge via deposited pheromone to find solution for a
problem [10].

2.2, Genetic Algorithm

GA is a heuristic method of search. This algorithm starts with original solution via randomly choosing a
population.

Each component of population is known as a chromosome which is a string of symbols. Chromosomes
themselves are collection of genes. The actual value of a control parameter, is encoded in a gene [5].

Assuming a first random population generated and evaluated, genetic evolution happen by using es-
sential operators of genetic:

1
2
3
4

Selection of Parent;
Crossover;

Mutation.

= DO —

Termination

In order to preserve population that develop from one generation to another, the GA utilizes three pro-
cesses. The initially process is “Selection” process which is accomplished according to by the precept of
‘the fittest will survived ' The search starts from a randomly produced population that survive over suc-
cessive generations (iterations).Among the exist results. Each time two results are selected as parent re-
sults by selection process according to fitness function. The second process is the “Crossover” process,
which is based on mating in biological populations. The operator of crossover inherits characteristics of
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well designs from the parent population into the successive population, which will have better value of
fitness. The last process is “Mutation” which causes variety in features of population. It randomly reasons
local alterations to the novel generation. The novel generation is similar to the parent unless one or more
changes created by process of mutation.

Repeating processes of selection, mutation and crossover to generate further novel solutions until the
size of population of the novel generation is similar to that of the old solution. Then from this novel pop-
ulation, the iteration process starts. Since best solutions have a higher probability to be chosen for cross-
over and the new solutions generated carry the characteristics of their parents. It is anticipated that the
novel generation will be better than the old generation. The algorithm continues until the solution qual-
ity could not be easily enhanced or the number of generations is reached to n [11]. The basic algorithm
of getting solution for GA is illustrated in figure 1 [7]:

2

Encode the Solutions

I

Create Initial Population

k2

Evaluate Fitness of
each individual

2

Apply Selection
I

Y

Crossover / Mutation

Termination Criteria
Reached ?

Figure 1. Basic algorithm of GA

2.3. Ant Colony Optimization

The ACO is based on the idea of food search conduct of real ants and their aptitude in finding the op-
timum routes. It is a common search method that based on population for the solution of hard com-
binatorial optimization problems and other ants randomly trail one of the routs, likewise leaving trails
of pheromone. Because the ants on the shortest route put pheromone trails faster, this route becomes
strengthened with more pheromone, making it more attractive to other subsequent ants [12].

The ants become progressively probable to trail the shortest route because it is continually strengthened
with a more amount of pheromones. The pheromone trails of the longer routes will vaporize.
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Scheme:

Construct solutions of ant

Describe attractiveness T, according to experience from earlier results.

Define particular function of visibility, n, for an existing problem (e.g. distance) [13].

The essence of ant colony system method is based on idea that pheromone which is a private chemical
trail is putted on the ground by ant throughout move, which leads the other ants to the objective solu-
tion. In case when more ants go through the tour more pheromone is left, which enhanced the likeli-
hood of other’s ants selecting this tour. Moreover, the pheromone has a lessening action since trail will
evaporated over time. Besides that, the count of ants using this trail will specify the amount of phero-
mone putted by ants [14].

ACO algorithm:

Define the visibility, n, and base attractiveness, T,

for every edge;

for k < Maxlteration do:

for every ant do:

select probabilistically (according to preceding equation) the next state to travel into;
for each ant add that travel to the tabu list of it;

repeat until every ant accomplished a route;

end;

for every ant that accomplished a route do:

for every edge that the ant traversed update the attractiveness T;
end;

if (local best route better than global route)

save local best route as global route;

end;

end; [15].

There are several ACO algorithms. The System of Ant (AS) was the first approach of ACO that is utilized
to solve Problem of Traveling Salesman [16].

In AS a solution (tour) of the TSP is constructed by every of m (artificial) ants, no local search is exist in AS.

« Construction of tour: Initially each ant is placed on a city that is randomly selected. The likelihood with
which ant g, presently at city r, selects to go to city s at the T th repetition of the procedure is calcu-
lated by:
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[rre(£)1°Tny 18
Pi(t) = T, yalen (01°n 1P

0 otherwise

if sEN]

s is the Control of the relative significance of the pheromone versus the information of heuristic, is

1 . o
calculated by n,. = o where .-s is the remoteness between cities s and r. B and a are two pa-
rE

q
rameters which specify the relative effect of the heuristic information and the pheromone trail, and N;
is the favorable neighborhood of ant g, that is the group of cities that ant g not visited yet. If a = 0, the
nearest cities are more possible to be chosen, when 3 = 0, only pheromone strength is at work [17][18].

« Update of Pheromone. The process to update the trails of pheromone performed by each ant. This
is performed by initially lessening the strength of pheromone on all arcs using a constant factor and
after that permitting every ant to increase pheromone value on the arcs it has traversed as in Eq. (3):

Tz (t + 1j = [l _pj'r:'s + E:in=1ﬂ'r:'?s (t] (3)

where 1 > p > 0 is the evaporation rate of trail of pheromone. The parameter p is utilized to evade limit-
less accumulation of the trails of pheromone and it allows the system to “forget” formerly selected solu-
tions which it bad. If an arc is not selected by the ants, there will be exponentially decreases on its asso-
ciated pheromone strength. m refers to the count of ants. ﬁrfg (t] is the quantity of pheromone that
ant g places on the arcs or edge (r,s) it has visited; it is calculated as following Eq. (4) :

D
—— if ant g used edge or acr(r,s) in its tour,
atl = {Lq @ {anta ? ) @)
1] otherwise

where Dis a constant , and L7 () is the distance of the tour created by ant g. the better the ant’s path
is, the further pheromone is leaved by arcs contained in the path. [18].

2.4. Haversine formula

Previously, sailors needed to know the distance from their known longitudinal and latitudinal coordi-
nates to those of their wanted target by utilizing of what became identified as the formula of Haversine.
Beginning with the spherical law of Cosines, and carrying out suitable changes utilizing the definition of
haversine, and the alteration of cosines identity, then we can get the law of haversines. From there, we
can relate it to the particular situation of the earth to reach at the formula of haverine, after that finding
a distance between two points through utilizing this formula.

As shown in figure 2, arcs of great-circle form the sides of a triangle of sphere, and where two arcs inter-
sect which made the angle of spherical. On a surface of sphere, a great circle route, is often the shortest
path among two points [19].
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Figure 2. Spherical Triangle

The Cosines Spherical Law:
Cos f=sin d sin e cos F + cos d cos e (5)

Haversine function can also given by

haversin(8) = sin2(8/2)= (6)

1—cos(#)

hav (f) = sin d sin e hav (F) + hav(d - e) (7)

Let the distance of sphere among any two points on the surface of the earth be g, the radius of the earth
be r, 1 and 32 respectively be longitudes of point 1 and point 2 and a1 and a2 be their latitudes respec-
tively. The central angle among the points has a haversine which is [19]:

q
hav () = hav(a2- a1) + cos (a1) cos (a2) hav (B2 - B1) (8)
where:
« g is the distance among the two cities.
- ris the radius of the earth. In this situation the radius of the earth is 6.378.137 km.

- al; a2: latitude of city 1 and city 2 respectively.
« B1; B2: longitude of city 1 and city 2 respectively.

The central angle is g/r on the left side of the equation, presumptuous that angles are measured using
radians (a and 8 can be transformed from degrees to radians by multiplying it by 11/180).
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Finally:

q = 2 # r # arcsin(/ haversin(a, — a,) cos(a, ) * cos(a,) haversine(B, — f,))

gq=2%r%* arcsin(\]sin: (n’”:—ﬂl) cos(a,) * cos(a,) sin® (@]) 9)

3. DATA AND RESULTS

We executed the GA and ACO in two different computers, the first commodity computer is Dell; with
processor Intel® Core™ i7 CPU, 2.80 GHz and 4 GB RAM. Under Windows 10 version environment. The
second commodity computer is Toshiba; with processor Intel® Core™ i5 CPU, 2.50 GHz and 8 GB RAM.
Under Windows 7 version environment. We used 100 of Turkish cities (name, latitude, longitude) as data

that are reported in table 1.

Name latitude longitude Name latitude longitude
Istanbul 41.00396 284516782 Cankir 40.60734 33.544547
Kirklareli 41.73627 27.1828603 Corum 40.5352 34.871863

Edirn 41.66887 26.5383047 Bafra 41.56421 35.870587
Tekirdag 40.95979 27.4879895 Samsun 41.29145 36.243658

Gebze 40.80449 29.3523956 Ordu 40.99345 37.766088

Yalova 40.64358 29.196147 Trabzon 40.99292 39.661219

Bursa 40.22159 28.8922011 Bayburt 40.25911 40.191333

Canakkale 40.13054 26.3570519 Rize 41.03144 40.476569
Balikesir 39.6478 278197115 Kars 40.59669 43.066768

Ayvalik 39.3336 26.6737007 Erzurum 39.91188 41.193476
Akhisar 38.92383 27.750777 Erzincan 39.74705 39.433867
Manisa 38.62374 27.3236154 Van 38.50282 43.218466

lzmir 3841734 26.7995137 Batman 37.8955 41.061696
Urla 38.32663 26.7469164 Mardin 37.47719 39.998102

Cesme 38.32068 26.2268383 Elazig 38.66464 39.128111
Kusadasi 37.8557 27.2257933 Bingol 38.88318 40.483338

Selcuk 37.94868 27.3555784 Diarbakir 37.92277 40.092637

Soke 37.75261 27.3783798 Siirt 37.93037 41.898367

Aydin 37.83576 27.7773754 Patnos 39.23281 42.82282

Didim 37.3723 27.2338948 Ercis 39.02911 43.329135

Milas 37.30901 27.7450818 Hakkari 37.57427 43.699772
Bodrum 37.03579 27.3777541 Yuksekova 37.56806 44244879

Cine 3761254 28.0445988 Siverek 37.75368 39.291625
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Mugla 37.21014 28.3467873 Sanliurfa 37.16706 38.685736
Marmaris 36.84808 282264257 Kilis 36.71955 37.09086
Nazilli 37.91028 28.2915433 Osmaniye 37.33439 35.739747
Denizli 37.78289 29.011605 Nigde 37.88717 34.070876
Fethiye 36.6518 29.0518288 Mus 38.75084 41.436425
Kas 36.20085 29.6322359 Tatvan 38.50373 42221294
Antalya 37.82368 29.1268648 Sirnak 37.52206 42438876
Isparta 37.79012 30.479748 Cizre 37.33158 39.944585
Alanya 36.54378 31.9426108 Ahlat 38.74925 4245206
Beysehir 37.68119 31.6932248 Sakarya 40.74894 30.242206
Konya 37.87817 32.2262788 Duzce 40.8531 31.082558
KKaraman 37.17927 33.1550208 Amasra 41.74388 32.369842
Mersin 36.74263 34.3888169 Bartin 41.62977 32.303097
Tarsus 36.9229 34.8619617 Sinop 42.01411 35.059865
Adana 36.99733 35.147978 Gerze 41.80196 35.169635
Gaziantep 37.05875 37.3100958 Boyabat 41.46586 34.760633
Kahramanaras 37.55536 36.8415508 Tosya 41.01563 34.002652
Kayseri 38.72332 35.3300985 Unye 41.11399 37.167597
Aksaray 38.36072 33.8605277 Fatsa 41.04933 37.401598
Ankara 39.90304 32.4825626 Sungurlu 40.16556 34.353053
Eskisehir 39.76526 30.4047261 Yozgat 39.81521 34777138
Beypazari 40.16237 31.8909748 Sorgun 39.8125 35.147374
Bolu 40.73572 31.5449295 Polatli 39.57855 32.10304
Zonguldak 41.459 31.7301196 Golbasi 39.78536 32.769855
Karabuk 41.2062 32.5806211 Giresun 40.90424 38.309193
Kastamonu 41.39762 33.7181286 Hopa 41.40239 41.397786
Ardahan 41.11288 42.6866254 Artvin 41.17966 41.80057

Table 1. Cities and their latitudes and Longitudes

3.4. implementation (1 hardware)

3.4.1. Genetic Algorithm

a- With the parameters:

Population Size= 8.

MUTATION RATE = 0.25.
TOURNAMENT SELECTION SIZE = 3.
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X i Distance of Shortest Route Execution Time
Generation number Fitness value .
In kilometers In seconds

48 0.2048 48821.00 3

7 0.1900 52638.00 1
28 0.1936 51647.00 2
29 0.1939 51584.00 1
46 0.1890 52919.00 <1

Table 2. Results of First Computer using GA(a)

b- With the parameters:

Population Size= 10.

MUTATION RATE = 0.5.
TOURNAMENT SELECTION SIZE = 3.

X i Distance of Shortest Route Execution Time
Generation number Fitness value .
In kilometers In seconds

23 0.1925 51956.00 1

35 0.1888 52957.00 1

5 0.1800 55546.00 <1

43 0.1907 52446.00 1

11 0.1859 53799.00 <1

Table 3. Results of First Computer using GA(b)

3.4.2. Ant Colony Optimization

a. With the parameters:

Q = 0.0005; the value is between 0 and 1
RHO = 0.2; the value is between 0 and 1
ALPHA = 0.01; the value is >=0

BETA =9.5;
Distance of Shortest Route Execution Time
Count_OF_ANTS Antid
In kilometers In seconds
176 159 8266.34 1
429 209 8091.02 1
160 154 8301.32 1
37 3 8723.53 <1
313 247 7807.34 1

Table 4. Results of First Computer using ACO(a)
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b. With the parameters:

Q = 0.0005; the value is between 0 and 1
RHO = 0.5; the value is between 0 and 1
ALPHA = 0.05; the value is >=0

BETA=75;
Distance of Shortest Route Execution Time
Count_OF _ANTS Antid
In kilometers In seconds
496 125 8310.87 2
119 60 8713.85 1
348 322 8472.38 2
35 8 8418.67 <1
298 233 8287.01 1

Table 5. Results of First Computer using ACO(b)

3.5. Implementation (2" Hardware)

3.5.3. Genetic Algorithm

With the parameters:

Population Size= 10.

MUTATION RATE = 0.5.
TOURNAMENT SELECTION SIZE = 3.

X X Distance of Shortest Route Execution Time
Generation number Fitness value .
In kilometers In seconds

31 0.2076 48159.00 <1

3 0.1807 55330.00 <1
45 0.2028 49303.00 1

28 0.2003 49923.00 <1
45 0.1911 52330.00 1

Table 6. Results of Second Computer using GA
3.5.4. Ant Colony Optimization

With the parameters:

Q = 0.0005; the value is between 0 and 1
RHO = 0.5; the value is between 0 and 1
ALPHA = 0.05; the value is >=0
BETA=7.5;
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. Distance of Shortest Route Execution Time
Count_OF_ANTS Ant id
In kilometers In seconds
228 13 844191 <1
290 12 8393.07 <1
236 127 8247.83 <1
264 109 8258.60 <1
282 213 7975.19 <1

Table 7. Results of Second Computer using ACO
4. DISCUSSION AND CONCLUSION

In this paper we examined and compared two population and evolutionary solution approaches of TSP
which are Genetic algorithm and Ant Colony Optimization.

This comparison between two approaches depend on the results after experiments on two types of com-
puters with their features and that experiments are performed using 100 Turkish cities.

The results of the experiments show that ACO is the better to find the optimal solution with less time for
execution. At the number of ants in these experiments are between 1 and 500 randomly ants.

ACO depends on a number of parameters and very much on the count of ants used on the problem, num-
ber of cities, parameter used for adjusting the amount of pheromone deposited, parameter used for vary-
ing the level of pheromone evaporation, parameter used for controlling the significance of the pheromone
trail and parameter used for controlling the significance of the distance between source and destination

While using Genetic Algorithm, the number of generations are between 1 and 50 randomly generated
generations it takes longer time to produce the output.

GA depends also on a several parameters very much on the count of cities, population size, the method in-
clude that after encoding the problem the approaches of mutation and crossover and their rates are used.

In [15] different algorithms compared to benchmark the performance for solving the TSP. Ant Colony op-
timization was better than GA and simulated annealing because of its slow convergence.

While [16] concluded that under the experimental situations, when the population size is between 5 to
15 cities, the ACO for TSP problem is further operative; and when the population size is between 1~2.5
cities, it can get better results by using GA for solving TSP. likewise, in [15] the researchers found that ACO
is better than GA with respect to cost of the distances among cities.

The researchers in [18] Observed that it is problematic to find out the best and accurate solution by ACO
and GA for TSP, but the iteration depend upon the optimization of both algorithm. The number of iter-
ation in the ACO and GA congregate the solution to optimization. The running time of GA to calculated
distance is less than ACO for large no of iteration and cites which might increase gradually. Time taken by
the GA is not as much of that the calculated time of ACO, the complexity of ACO is high than GA which
is proved by experimental analysis. Whenever no of iteration is less ACO is better than GA and calculate
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the optimal solution but whenever iteration increases ACO the complexity of ACO increase as compare
to GA. Both techniques provide the optimal solution but the ACO is better approach and calculate the
optimal distance in the first few iterations when the number of searching agent is greater in number.
The results generated by GA approach using less number of iterations is not satisfactory as compare to
ant colony optimization for all cases of no of cities.

Thus our findings are agree and are the same as the results obtained by other mentioned researches.
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Ozet

20nci ylzyilda temelleri atilan ve bu yiizyilin en 6nemli is stratejilerinden biri olan tedarik zinciri yonetimi, si-
nirlari stirekli genisleyen, yasayan bir kavram olarak karsimiza ¢cikmaktadir. Zaman icerisinde gelistirilmis ve
halen gelistirilmekte olan pek ¢ok yeni strateji ve konsept, tedarik zinciri ydnetimine entegre edilmekte ve bu
dogrultuda Uretim yapan firmalarin sorumluluk ve zorunluluklar katlanarak artmaktadir. Tedarikgilerin Griin
performansi izerinde direkt belirleyici olmasi ve glinlimUzde firmalarin kendi faaliyet sahalarina ilave olarak
tedarikgilerinin de faaliyet sahalarindan sorumlu tutulmasi, tedarikgilerin secilmesi stirecindeki gereklilikleri
tekrar goézden gecirmeyi zorunlu kilmistir. Bu gerekliliklerin basinda da “stirdiirdilebilirlik” kavrami gelmekte-
dir. Surdurulebilirligi gdzeten sistemlerde kararlar ekonomik, cevresel ve sosyal dayanaklari birlikte ele alan
ic temelli muhasebe ile olusturulmaktadir. Tedarik zinciri ydonetimi kapsaminda tedarikgi secimi ile ilgili ola-
rak salt ekonomik (geleneksel) dayanagi gézeten calismalar yerini, bu yeni perspektifi temel alan yaklagim-
lara birakmaya baslamistir. Bu calismada tedarik zinciri yonetiminde strddrilebilirligin yayilimi arastinimis ve

tedarikgi secimine olan etkileri incelenmistir. Ayrica gelecek calismalar icin yol gosterici 6neriler sunulmustur.

Anahtar Kelimeler: Tedarik Zinciri Yénetimi, Tedarikci Secimi, Stirdiiriilebilirlik, U¢ Temelli Muhasebe, Firma-
larin Cevresel Sorumluluklari, Firmalarin Sosyal Sorumluluklari.

THE DEVELOPMENT OF SUSTAINABILITY CONCEPT ON SUPPLY CHAIN MANAGEMENT
AND SUPPLIER SELECTION

Abstract

Supply chain management, one of the most important business strategies of the century, founded in the
20th century, presents itself as a constantly expanding and living concept. Over time, many new strategies
and concepts that have been developed and are still being developed have been integrated into supply
chain management and the responsibilities and obligations of the companies that manufacture in this con-
text are increasing exponentially. Suppliers’ being directly determinant in product performance and compa-
nies’ being held responsible for their suppliers’ fields of activity in addition to their own have made it man-
datory to reaffirm the requirements of the supplier selection process. One of the most important of these
requirements is the concept of “sustainability”. In sustainability-oriented systems, decisions are made up of tri-
ple bottom line approach that handles economic, environmental and social grounds all together. Within the
context of supply chain management, regarding the selection of the suppliers, purely economic (traditional)
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studies have been replaced by the approaches based on this new perspective. In this study, the diffusion of
sustainability in supply chain management was investigated and the effects on supplier selection were ex-
amined. Suggestions for future studies were also presented.

Keywords: Supply Chain Management, Supplier Selection, Sustainability, Triple Bottom Line Approach, Cor-
porate Environmental Responsibility-CER, Corporate Social Responsibility-CSR.

1. GiRiS

Tedarik Zinciri Yonetiminin (TZY) anahtar stratejik fonksiyonlarindan birisi satin alma fonksiyonudur. Sa-
tin alma fonksiyonunun en 6nemli safhasini ise Tedarikgi Secimi (TS) olusturmaktadir. Tipik bir Gretici icin,
hammadde/bilesen alimlar sektore gore ¢cok degismekle birlikte toplam satislarin %60'ini kapsamakta
(Mafakheri ve dig, 2011) ve endustriyel firmalarin toplam cirosunda satin almanin payi1 %50-90 arasinda
degismektedir (de Boer ve dig, 2001). Boylesine buiylk bir maliyet kaleminde satin almanin kaldirag etki-
sinden faydalanabilmek firmalar icin oldukca cazip bir secenektir. Ancak dogru temin kaynaklari ile calis-
manin faydasi sadece maliyet boyutu ile sinirl degildir.

Tedarik Zincirinin (TZ) karmasikligi icerisinde firmalarin talep tahmininden siparis yonetimine, satin alma-
dan Uretim planlamaya, envanter yonetiminden dagitima, pazarlamadan finansa, musteri/tedarikgi iliski-
leri yonetiminden Urlin gelistirmeye uzanan tiim siirecleri tek basina yonetmeleri miimkiin degildir. Bu
asamada zincirin glicti paydaslarin ortak ciktisi olacagindan zincir icerisindeki ortaklarin seciminde dogru
kararlari almalari hayati 5nem arz etmektedir. Zincir icerisindeki en 6nemli halkalardan birisi hammadde
ve/veya komponent tedarikgileridir. Tedarikgilerin firmalarin Griin ve slire¢ performanslari Gizerinde sahip
olduklart 6nem ile nihai Grliniin maliyet kalemlerinden en énemli kalemin satin alinan hammadde ve/
veya komponentlere ait olmasi nedeniyle tedarikgi secimi, tedarik zinciri ydnetimi literattirinde oldukca
fazla calisilmis bir konudur. Maliyetlerin azaltiimasi ve performans ol¢tlerinin iyilestirilmesi konusundaki
¢abalarin surekliligine ilave olarak, yeni Uriin ve Uretim konseptlerinin gelistirilmesi bu alana olan ilginin
artan bir trend gostermesine neden olmaktadir. 1990'I yillardan gliniimiize, Girlin ve Uretim konseptle-
rindeki gelismeler incelendiginde cevresel lriinler/tasarimlar ile firmalarin cevre dostu lretim siireclerine
ge¢me zorunluluklart hem literatiir hem de yasal diizenlemeler ile ortaya konmaktadir.

Gelismis Ulkelerde cevresel kaygilarin artmasi yesil konseptin gelisimini tetiklemistir. Ayrica Giuliano
Noci'nin 1997 yilinda yayinladigi ve tedarikginin ¢evresel performansini degerlendirmeye yonelik calis-
masi da literatlirde genis kabul gérms, konuya yeni bir perspektiften bakis acisi ve yeni bir trend donemi
baslamistir. Bu trendi besleyen ve 2000 yili sonrasinda ivme kazanan yasal diizenlemeler dogrultusunda,
klasik TZY yerini Yesil Tedarik Zinciri Yonetimine (YTZY), Tedarikgi Secimi (TS) ise yerini Yesil Tedarikgi Se-
¢imine (YTS) birakmustir.

Birlesmis Milletler Strdurdlebilir Kalkinma Komisyonu (United Nations Commission on Sustainable De-
velopment, UNCSD) tarafindan 1998 yilinda yapilan stirdiirilebilirlik tanimlamasi ile tedarik zinciri yone-
timine Gclincl bir boyut eklenmistir (http://www.un.org). Ekonomik ve cevresel boyutlara ilave olarak
insan haklari, Uretken isglict yaratimi ve esitlik gibi ilkeleri kapsayan sosyal sorumluluk boyutunun da
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eklenmesi ile Stirdirilebilir Tedarik Zinciri Yonetimi (STZY) ve buna bagli olarak Stirdirilebilir Tedarikgi
Secimi (STS) glindeme gelmistir.

2. TEDARIK ZiNCiRi YONETIMi

Glinimiizde organizasyonlarin tek baslarina var olabilmeleri miimkiin olmayip nihai basarilari TZ tyesi
olarak zincirdeki diger Uyelerle ve tim zincirle gosterebildikleri entegrasyon ve koordinasyon yetenekle-
rini yonetebilme becerilerine dayanmaktadir (Min ve Zhou, 2002). Bu dogrultuda TZY uzun dénemli re-
kabet avantajini elde etmede en 6nemli yonetsel fonksiyonlardan biri olarak goriilmektedir (Prajogo ve
dig, 2012). TZ kavrami musteri ihtiyaclarini karsilamak amaciyla bir zincir boyunca ureticilerden dagrtici-
lara, perakendecilere ve misterilere hareket eden riiniin Uretimine yonelik olan tim kurumsal fonksi-
yonlara uzanan faaliyetler dizisidir. Bu konuda literatiirde pek ¢ok tanimlama bulmak mimkindur.

Hervani ve dig. (2005) tanimlamasi geredince TZY, bitmis trtiniin son kullaniciya veya musteriye dagiti-
mina yonelik karmasik ag aktivitelerinin koordinasyonu ve yonetimidir. Ayrica TZY, hammadde ve kom-
ponent tedarigi, Uretim, montaj, siparis girisi ve takibi, lojistik kanallar araciigiyla dagitimi ve son olarak
musteriye ulastinlmasini iceren hayati bir is fonksiyonudur. Bir firmanin TZ yapisi dis tedarikgileri, firmanin
ic fonksiyonlarini, dis dagiticilari ve misterileri (ticari veya nihai kullanicilan) kapsamaktadir. TZ'nin basa-
rli yonetimi musteri beklentilerinden, kiiresellesmeden, bilgi teknolojilerinden, yasal diizenlemelerden,
rekabet ve cevreden etkilenmektedir.

Sen (2007)'ye gore TZY, gelistirilmis Uretim kapasitesi, pazar duyarlihidi ve musteri/tedarikgi iliskileri gibi
isletmenin tim performansini olusturan degerlerin arttirllmasi amaciyla isletmelerin i¢ kaynaklarinin en-
tegre edilerek dis kaynaklarla etkin bicimde ¢alismasinin saglanmasidir. Bu da, hammaddelerin teminin-
den imalat Uriinlerine ve buradan da tiiketiciye islenmis trtinlerin dagitimina kadar tim zincir boyunca
bilgiye dayali karar alinmasina olanak vermektedir.

Min ve Zhou (2002)'ye gére TZY, hammadde ve malzemeleri temin ederek bitmis tirlinlere dénistiren,
bu Uriinlere deger katan, bu Urtinleri hem parakendecilere hem de misterilere dagitan ve cesitli is bi-
rimleri arasinda bilgi aligverisini kolaylastirmak icin birbiri ile iliskili streglerin senkronize edilmesini sag-
layan butunlesik bir sistem yonetimidir.

Goruldugu gibi TZY icin literatiirde cok fazla tanimlama mevcut olmasina ragmen aslinda hepsinin isa-
ret ettigi anlam birbirine cok yakindir. Tedarik Zinciri Konseyine (Supply Chain Council, SCC) gére TZY, si-
fir noktasindan baslayarak (tedarikginin tedarikgisinden) nihai noktaya (musterinin misterisine) kadar
olan ve son Grlinlin Uretilmesi ile dagrtimina iliskin batin kurumsal fonksiyonlara uzanan faaliyetler di-
zisidir. Bu zincirin tyeleri tedarikgiler, Greticiler, lojistik hizmet saglayicilar, perakendeciler ve miisteriler-
dir (Amin ve Razmi, 2009).

1980'lere kadar gecerli olan maliyet ve kalite odakli yaklasimlara zaman icerisinde yeni yaklasimlarin ek-
lenmesi ile glinimiizde rekabetin boyutlari firma seviyesini asip TZ seviyesine ulasmistir (Prajogo ve dig,
2012). Bu stirecler boyunca alinan derslerin 1siginda firmalar uzun dénemli rekabet avantajini saglaya-
bilmek ve bu avantaji stirdiirebilmek i¢in TZY énemini kavramislardir. Bu dogrultuda zincir icerisindeki
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ortaklari ile siki bir isbirligi ve paylasim kanaliyla yiklerini hafifletmek istegindedirler. Lee ve dig. (2009)'a
gore firmalar merkezi yeterliliklerini gliclendirerek ve disaridan temin yoluna giderek, maliyetlerini azal-
tip misteri memnuniyetini saglamaya calismaktadirlar. Stirekli tedarik iliskisini stirdtrilebilecegi dogru
tedarikgilerin secimi cok dikkatli bir degerlendirme gerektirir.

2.1 Tedarik zinciri yonetiminin sagladig: faydalar

TZY,TZ ortaklar ile musterek operasyonlar araciligiyla, zincir boyunca toplam maliyeti minimize etmek su-
retiyle musteriden elde edilen geliri maksimize etmeyi amaclar. TZ icerisindeki bir firma tlim istirakgiler ile
daha yakin iliskiler gelistirerek strdurilebilir rekabet avantajini elde edebilir ve musteri ihtiyaclar karsila-
nirken ayni zamanda hem suirelerde hem de maliyetlerde 6nemli 6lctide diistsler saglanabilir (Sen, 2008).

TZY'nin temel faydasi, isletmenin tiim aktivitelerini icerecek sekilde planlama yapabilmesi ve bu planin
zaman icerisinde glincellenerek sonuglarin optimize edilebilmesidir. TZY'nin, Gyeler arasi isbirligi sonucu
saglanan bilgi paylasimi ile kaynak israfinin 6niine gecilmesi basta olmak tizere pek ¢cok yararindan bah-
setmek miimkiindiir (Ozdemir, 2004). SCC'ye gére bu yararlardan bazilar; teslimat performansinin iyiles-
tirilmesi, stoklarin azaltilmasi, cevrim strelerinin kisalmasi, verimliligin artmasi, maliyetlerin diismesi, tah-
min dogrulugunun artmasi ve belirsizligin azaltilmasidir.

TZY yazihmlari optimizasyon ve maliyet odakli oldugundan Lambert ve dig. (1998) tarafindan yapilan ¢a-
lismada TZY sayesinde tamamlanan projelerde malzeme stoklarinda %30-50 azalma, satin alma maliyet-
lerinde %5-10 azalma, kapasite kullaniminda %5-20 iyilesme, raf omrli Girlin stoklarinda %10-20 azalma,
nakliye maliyetlerinde %10-12 azalma, siparis tamamlama oraninda %5 iyilesme, tahmin dogrulugunda
%20-60 iyilesme ve TZ maliyetlerinde %10-20 azalma saglandidi sonuglari elde edilmistir. Ayrica her sir-
ketin kendine 6zgii yapisi olmasi nedeniyle kazanglarda farklilik olacagi ve sonuglarin binin tzerinde ya-
pilmis uyarlamalarla elde edildigi belirtilmistir. Metz (1998) ise TZY uygulamalari ile envanterin %50 aza-
lacagi, zamaninda teslimatin %40 artacadi, kiimulatif dontisiim zamaninin %27 azalacagi, cironun %17
artacag), cirodaki TZ maliyetinin oraninin %20 azalacag, envanterin iki kat arttirilmasi durumunda sipa-
risi karsilayamamaktan kaynaklanan kayiplarin 9 kat azalacagini bildirmistir.

TZY ortak fayda, uzmanlasma, uzun vadeli planlama, daha disiik stok seviyesi ve belirsizligin ortadan
kalkmasini saglar. TZY'nin en kritik ortak faydasi taraflarin ellerindeki bilgileri birlestirmeleridir. Belirsizlik
baslangi¢ noktasindan bitis noktasina dogru kamci etkisi (bullwhip effect) géstermekte ve tlim siireg ice-
risindeki toplam maliyette yliksek derecede artisa sebep olmaktadir (Chopra ve Meindl, 2010). Belirsizlik
parametrelerinin basinda teslimat tarihleri ve talep miktarlari gelmektedir. Belirsizliklerin giderilmesi icin
gecgmis bilgiler gelecege yon verecek sekilde kullanilmaktadir. Bu her tiyeye maliyet diistis olarak don-
mektedir. Kazan-kazan stratejisi geregi bayi pazarin talebini, isteklerini ve sikayetlerini, Gretici mevcut pa-
zar ve Uretim olanaklarini, tedarik¢i malzeme fiyat, temin edilebilirlik ve kalite bilgisini tek bir havuzda top-
lamali, tim uyelerin bu havuza erisimi mimkdn olmalidir.

TZY'nin diger bir faydasi ise herkesin bildigi isi yapmasi yani uzmanlasmadir. Glinimuizde firmalarin mer-
kezi aktivitelerine odaklanma egilimini pek ¢ok calisma dile getirmektedir. (Daugherty, 2011; Lee ve dig,
2009; Prajogo ve dig, 2012; Prajogo ve Olhager, 2012; Saccani ve Perona, 2007). Tali isler firmalara zaman
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kayb, ilave maliyet gibi istenmeyen durumlar yaratmaktadir. islerin uzman firmalara devredilmesi, mer-
kezi yeteneklere daha fazla zaman ayrilmasina, bu sayede de daha hizli ve verimli hareket edilmesine
olanak saglamaktadir.

2.2 Tedarik zinciri yonetimi ve satin alma fonksiyonu

TZY'nin ana fonksiyonlarindan birisi olan satin alma fonksiyonu, Gretim icin gerekli olan her ¢esit ham-
madde, mamul, yar mamul, techizat ve hizmetin tedarik edilmesi ile ilgili faaliyetleri gerceklestirme so-
rumlulugu olan ve firmanin pazar ile olan iliskisini olusturan fonksiyonlar dizisidir. 56z konusu satin alma
kavrami ile ilgili literatiirde bircok farkli tanim bulunmakta olup, bu tanimlarda genellikle dogru ve uy-
gun ifadeleri kullanilmaktadir. Ancak bu ifadeler duruma goére degisebilecek, birbirleri ile catisabilecektir.
Ornegin acil bir am gerektigi durumda dogru veya uygun fiyat sarti géz ardi edilebilir. Bu durumda sa-
tin alma sorumlusundan beklenen firma kosullarini géz 6niinde bulundurarak en uygun veya dogruyu
tespit edebilmesidir (Sen 2007).

Tedarik ile satin alma islevi gtinliik yasamda ayni anlamlarda kullanilmasina ragmen aralarinda ufak fark-
hliklar vardir. Tedarik ihtiya¢ duyulan unsurlarin alimi ile ilgilenirken satin alma hem para ile ilgili islem-
leri gerceklestirmekte hem de firmanin pazar ile olan iliskilerini belirlemektedir. Bu acilardan bakildiginda
satin almanin en 6nemli gorevlerinden birisi tedarik suirecini etkin ve verimli yoneterek tedarigin strek-
liligini saglamaktir. Ayrica bu gorevi gerceklestirirken kaliteyi ve standardizasyonu arttirmak ile maliyet
azaltma arayislan da devamlilik géstermelidir.

Maliyet azaltmada 6nemli rol istlenebilecek olan satin alma departmaninin en énemli sorumlulugu ise
TS ve degerlendirmesidir. Bu dogrultuda satin alma departmani performans arttirmak isteyen tedarikgi-
lerle de etkin ve uzlasmaci iliskiler kurmak suretiyle orta ve/veya uzun vadeli fayda saglama amacini giit-
melidir (Karakis, 2007).

3. TEDARIK ZINCiRi YONETiMi VE TEDARIKCi SECiMi

Gegmiste organizasyonlarin kendi performanslarini kendilerinin belirledigi diistintlmistir. TZY'nin 6ne-
minin kavrandigi 1990'larda yoneticiler tedarikgilerden alinan mal ve hizmetlerin, firma masterilerinin ih-
tiyaclarini karsilama yetenegi tzerinde 6nemli bir etkisinin oldugunu fark etmislerdir. Ayrica tek basina
kaliteli GrGin Gretmenin de yeterli olmayacagini, uygun yer, zaman, miktar ve spesifikasyonlarda triin sag-
larken ayni zamanda maliyetleri de dusirebilmenin basariya giden yol oldugunu gérmuslerdir. Yuksek
koordinasyon ve akisin dnemi fark edilerek zincir icerisine dahil edilecek tyelerin secimi konusuna odak-
laniimistir. TZY, kusursuz ve devamli akis yaratmasi gereken birbiriyle ilintili pek cok lojistik sistemi icer-
mekte ve bu nedenle de yliksek derecede koordinasyon ve uyum gerektirmektedir. TZ icerisindeki tim
tiyeler uyum ve koordinasyon konusunda direkt veya dolayli olarak birbirlerinden etkileneceklerdir. Orne-
gin yukari yondeki (upstream) tedarikciden hatal bir komponent temin edilmesi, asagi yondeki (downs-
tream) Ureticinin hatali Grlin Gretmesine sebep olacak ve bu paralelde de misteri memnuniyeti dise-
cektir. iste bu uyum ve koordinasyon sebekesi icerisindeki en dnemli Giyelerden birisi de tedarikcilerdir.
Tedarikgiler hem maliyetler ve Griin performansi tizerinde, hem de tiim zincirin baglangi¢ noktasi olmasi
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nedeniyle zincirin tim operasyonel ve lojistik performansi tizerinde ¢cok dnemli etkilere sahiptirler. Bu ne-
denle TS kararlar cok 6nemlidir.

TS birbiri ile ¢elisen kalitatif ve kantitatif faktorleri kapsayan bir cok kriterli karar verme problemidir (Kan-
nan ve dig, 2013). Ayrica farkli kisilerin coklu perspektifinin stirece dahil olmasindan dolay1 bu problem
ayni zamanda grup karar verme problemine de dontismektedir.

TS'nde amacg, firma ihtiyaclarini optimum fiyat diizeyinde kesintisiz bir akis ile istenen spesifikasyonda kar-
silayabilecek muhtemel firmalari tanimlayabilmektir. Tanimlama suireci ortak performans 6¢utleri kullanil-
mak suretiyle tedarikgilerin karsilastirlmasina dayanmaktadir. Bu dlcitlerin ne olacagi ve 6nem diizeyleri
goreceli olarak firma ihtiyaclar ve stratejilerine gore farklilik gostermektedir (Sen, 2007).

Uygun tedarikgilere karar verilmesi TZY icerisindeki merkezi ve stratejik kararlardan birisidir. Artan sa-
yida firma daha fazla aktivitesini disaridan almakta (Danese, 2013) ve satin alma fonksiyonu ile TS kara-
rinin dnemi gittikce artmaktadir (Genovese ve dig, 2013; Guneri ve Kuzu, 2009). Organizasyonlar daha
fazla merkezi aktivitelerine ve siireclerine odaklanmakta, diger faaliyetleri ise tedarikcilerine birakmak-
tadir (Prajogo ve Olhager, 2012). Organizasyonlar tedarikcilerine daha bagimli hale geldikce hatali ka-
rar vermenin direkt ve endirekt sonuglari daha kati olmaktadir (de Boer ve dig, 2001). Satin alma strateji
ve operasyonlari konularinda alinan kararlar karlihgi birinci dereceden etkilemektedir (Sen ve dig, 2008).
Kiresellesme ve internet ticaretinin yayginlasmasi alternatif sayisini arttirmis, misteri beklentilerindeki
degisimler, trtin yasam devirlerinin kisalmasi, rekabet gibi unsurlarin ilave olmasiyla da se¢im problemi
daha da karmasik hale getirmistir.

Bahsedilen zorluklar ile basa ¢ikabilmenin yolu ise sistematik ve bilimsel yaklagimlardan gecmektedir. TS
konusunda literatlrdeki yazarlarin oldukga tretken olmasi nedeniyle pek cok metodoloji gelistirilmistir.
Gelistirilen teknikler icin ¢ok kriterli karar verme, matematiksel programlama, yapay zeka ve istatistiksel
modeller ana kategorilerdir. Bu kategoriler altinda yer alan yontemlerin temel, bulanik ve hibrit formlari
ile karsilagilmaktadir (Chai ve dig, 2013; Govindan, Khoverdi ve dig, 2013). Genovese ve dig. (2013) ile Wu
ve Barnes (2011) yakin zamanlarda yayinlanan ¢alismalar olup tlkemizdeki akademisyenlerin de TS ko-
nusunda oldukca tretken oldugunu ortaya koymustur.

Wu ve Barnes (2011), 2001 ile 2011 yillari arasinda TS alaninda yaptigi literatiir taramasi calismasinda, bu
alana en ¢ok katkida bulunan enstitiileri ve Ulkeleri incelemis ve Tirkiye'de bu konuya yogun ilgi oldu-
gunu gostermistir. Yesil tedarikgi secimi ile ilgili olarak Genovese ve dig. (2013) calismasinda TS konusun-
daki yayinlarin tlkeler bazindaki dagilimini incelenmis ve Turkiye'yi en Ust siralarda gdstermistir. Yazar bu
durumun Tiirkiye, Cin, Taiwan gibi Asya Ulkelerinin bati diinyasi icin hammadde/komponent alimlarinda
onemli hublar olmasindan kaynaklandigini belirtmistir.

3.1 Yesil Tedarik Zinciri Yonetimi ve Tedarik¢i Secimi

1980'li yillarda baslayan ve gliniimiize kadar artan bir ivme ile devam eden talep artisi paralelinde hem
rekabette hem de Uretim ve tiiketim hizinda ¢ok buyuk artislar gérilmektedir. Ntfusun artmasi, Griin
yasam dongulerinin kisalmasi, refah diizeyinin artmasi gibi nedenlerden dolayi, asir tiiketim son 40 yila
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damgasini vurmustur. Bu degisim bircok dnemli sorunu da beraberinde getirmistir. Dat ve dig. (2012) ¢a-
lismalarinda bu sorunlardaki trajik artisi sayisal olarak ortaya koymaktadir. Cevre Koruma Orgitii (Environ-
mental Protection Agency, EPA) verilerine gore her yil diinya ¢apinda 20-50 milyon metrik ton atik elekt-
rik ve elektronik Urlin bulunmaktadir. Gelismekte olan ulkelerde bu rakamin 2010 yilina kadar U¢ katina
¢ikacagi belirtilmektedir. Sadece ABD'de 14-20 milyon kisisel bilgisayar her yil ¢cope atilmaktadir. 1998 yI-
linda sadece Bati Avrupa'da 6 milyon ton atik elektrik ve elektronik tirlin bulunmaktadir ve bu rakamin yil
bazinda en az %3-5 oraninda artacagi ngorilmektedir. 2010 yilina kadar sadece Avrupa Birligi'nde elekt-
rik ve elektronik atik miktarinin yillik 12 milyon ton olmasi beklenmektedir (Dat ve dig, 2012).

Birlesmis Milletler Nifus Fonu (United Nations Population Fund, UNFPA) verilerine gore ise gliniimiizde
diinya niifusu 7.3 milyar civarinda olup, 2055 yilinda ise 10 milyari beklenmektedir (https://www.unfpa.
org). Ayrica diger cografyalarin ve diger atik tiiketim Urtinlerinin dikkate alinmasi, Griinlerin ¢cok cabuk
demode olmasi ve kisi basina diisen tiiketim miktarinin giin gectikce artmasi distiniildiigiinde, insan
ve cevre guivenligi acisindan Uretim sektoriinde tedbir alinmasinin elzem oldugu gorilmektedir. Dogal
kaynaklarin azalmasi ve ortaya ¢ikan gevre sorunlari, yoneticileri cevresel faktorleri de dikkate alma ge-
rekliligi ile karsi karstya birakmistir. Bu dogrultuda firmalar ¢evreye duyarli sistemler tasarlamak, cevresel
riskleri ydnetmek ve atiklarini azaltmak amaciyla tedarik zincirlerini ¢cevreye duyali bir yapiya donustur-
mektedirler. Gelismis Ulkelerde cevresel kaygilarin artmasi da yesil konseptin gelisimini tetiklemistir. TZ
yoneticileri vermis olduklari kararlarin ekolojik denge ve insan saghgi tizerindeki etkilerini g6z 6nlinde
bulundurmak zorundadirlar (Lu ve dig, 2007; Tsoulfas ve Pappis, 2006). Artik klasik baglamdaki musteri
beklentilerine (maliyet, kalite, hizmet vb.) yeni boyutlar eklenmistir ve eklenen ilk boyut cevreselliktir. Bu
anlamda da tiiketici beklentilerini karsilamak isteyen firmalar saglikl, gtivenli, geri doniisiim orani yiiksek,
kaynak ve enerji kullanim orani diistik Grtinleri, daha az kirleten Uretim siirecleri ile tretebilme arayisina
girmisleridir. Bu ¢evresel yeniliklerin firmalarin rekabet avantaji ile pozitif korelasyon icerisinde oldugunu
gosteren calismalar mevcuttur (Chiou ve dig, 2011). Firmalarin ¢evresel sorumluluklarinin (Corporate En-
vironmental Responsibility, CER) olduk¢a 6nem kazandigi 2000'li yillarda Klasik TZ ve TZY'ne yesil kom-
ponentin entegre edilmesi ile YTZ ve YTZY kavramlari ortaya ¢ikmistir. YTZ, tim asamalarinda cevreye
duyarli bir yaklasimi esas almaktadir. Sistem, tedarik isleminin dogal kaynaklara zarar vermeden ya da en
az zararla gergeklestirilmesi, Giretim sirasinda ortaya cikan atiklarin sistemli bir sekilde ¢evreye zarar ver-
meden yok edilmesi, kalite ve ¢evre standartlarina uygun olarak tretimi gerceklestirmek amaciyla cesitli
belgelerin alinmasi, ¢cevreye duyarli Griinlerin Gretilmesi, lojistik faaliyetlerde en iyi ag tasariminin yapil-
masi ve kullanilan arag ve yakitlara dikkat edilmesiyle tiim siireg icerisinde ortaya ¢ikacak olan atiklarin
sistemli bir sekilde ydnetilmesini icermektedir (Ozesen, 2009).

Gerek cevresel faktorler gerekse kaynaklarin gitgide azalmasi isletmeleri geri dontisiime ve yesil si-
reclere itmektedir. YTZ, Grlin gelistirme ve ¢evreye duyarli Girlin Giretme stratejilerinin birlesmis oldugu
glincel bir konsepttir. YTZY, firmanin tedarik zincirinde deger yaratirken, cevrenin de énemini agiklar.
Organizasyonlarin cevresel risklerini azaltarak ekolojik etkinligini artirir ve hedeflenen pazar payina
ulasmasina yardimai olarak kazan-kazan stratejisini gerceklestirir. YTZY'nin karliligi, etkin varlk kulla-
nimini ve sirket hizmet diizeyini artirdigi belirtiimektedir (Blytikozkan ve Feyzioglu, 2007). Bunun igin
mevcut TZ yapilarinin geri dontisimi de kapsayacak sekilde yeniden yapilandirimasi gerekmektedir.
YTZY icin en dnemli bilesenlerden birisi tersine lojistiktir. Ancak sadece tersine lojistigi dikkate almak
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kapsami ¢ok daraltacaktir. Cevresel konulari TZY'ne entegre etmek, yasam doéngusu analizleri, atik yo-
netimi vb. cevre yonetimi konulari ile tedarik¢i degerlendirmesi, toplam kalite yonetimi, yalin tedarik ve
isbirligi uygulamalar gibi TZY uygulamalarinin da entegrasyonunu gerektirmektedir (Tuzkaya ve dig,
2009). Uriin tasanimindan imalata, kaynak kullanimindan ambalajlamaya bu felsefe tiim siireclere en-
tegre edilmelidir. Hervani ve dig. (2005)’e gore yesil bilesenin TZY'ne entegre edilmesi sonucu ortaya
cikan YTZY, Sekil 1'de gosterildigi gibidir.

YESIL TEDARIK ZINCIRT YONETIMI

Yesil Yesil Yesil Yesil Tersine
Satmalma Uretim Dagitim Paketleme Lojistik
| | |
Geri Yeniden Yeniden Bertaraf
déniisiim firetim kullanim etme

Sekil 1. Yesil tedarik zinciri yonetimi (Hervani ve dig, 2005).

Bu alandaki ¢alismalar incelendiginde dogal kaynaklarin azalmasinin, ekolojik ve ekonomik sebeplerin,
yasal diizenlemeler ve tiiketici baskilarinin YTZ'ni zorunlu kilan en temel etmen oldugu gézlemlenmek-
tedir. Ayrica cevresel imaj, firmalan yesil politikalar gelistirmeye tesvik eden 6nemli bir pazarlama un-
suru olarak da karsimiza ¢ikabilmektedir. Glinimuzde uluslararasi Ureticiler ve tlketiciler tehlikeli ve ze-
hirli madde icermeyen cevresel Urlinler talep etmekte ve bu dogrultuda firmalar cevresel farkindaliklarini
arttirmaktadir (Chiou ve dig, 2011).

Tsoulfas ve Pappis (2006) cevresel prensiplerin alti fonksiyonel sahaya uygulanabilecegdini belirtmistir.
Bunlar riin tasarimi, ambalajlama, geri toplama ve nakliye, geri dontisiim ve atik, i ve dis cevrenin ye-
sillendirilmesi ile diger yonetsel konulardir. Ozesen (2009) ise YTZ'ne gereksinim yaratan nedenleri oniki
baslik altinda toplamistir. Buna goére cevre kirliliginin énlenmesi, dogal kaynaklarin korunmasi, geri ka-
zanim, stirdUrdlebilir kalkinma, rekabetin degisen kosullari, isletme disi baskilar, toplumla iliskiler, eko-
verimlilik, cevresel maliyetler ve yasal ylkumlultkler, kurumsal risk, musterilerin cevresel gereksinimler
YTZ'ni zorunlu kilmaktadir.

Artan yasal diizenlemelere ve enduistriyel Uretimin cevre Uzerindeki etkisi konusundaki kamuoyunun
artan farkindaligina cevaben, pek ¢ok organizasyon tim TZ'ni kapsayan dnemli reformlari uygulamaya
koymaktadir (Lu ve dig, 2007). Ornegin Dell, HP, IBM, Motorola, Sony, Panasonic, NEC, Fujitsu ve Toshiba
gibi elektronik sektoriinde lider konumdaki sirketlerin YTZY'ni bir strateji olarak benimsedigi bildirilmek-
tedir (Hsu ve Hu, 2009). Bu dogrultuda tedarikcilerde gézden gecirilmektedir. YTZY, tedarikgilerin, treti-
cilerin, dagrticilarin, kullanicilarin ve geri dontisimcilerin basarili koordinasyon, entegrasyon ve yoneti-
mini gerektirir (Tuzkaya ve dig, 2009).
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Gunimuzde tiketim egilimleri dogal kaynaklari koruyan, zehirli madde ve emisyondan uzak duran, enerji
ve su tasarrufu saglayan, geri donlisimi miimkiin eko-dizaynlara sahip gtivenli Griinlere dogru kaymak-
tadir. Lu ve dig. (2007) gelecekte tamamen geri donuistlrilebilir materyallerden Uretilen Grlinlerin arta-
cagini, bu nedenle organizasyonlarin TZ kararlarini artan cevresel farkindalik ve sorumluluklar dogrul-
tusunda almalari gerektigini bildirmistir. Zhu ve Geng (2001) ¢alismalarinda, insanlarda refah diizeyinin
artmasiyla paralel olarak yesil Griinler icin daha fazla para 6deyebileceklerini gostermistir. Bu calismaya
gore isletmeler kanun ve diizenlemelere uygunluk ile satin alma ve atik maliyetlerini azaltarak toplam
maliyette azalma saglayabilmek icin yesil tedarik¢i arayisindadir.

Literatlirde TZ'nin ve tedarikcinin ¢cevresel performansini degerlendirmeye yonelik pek ¢ok calisma mev-
cuttur. Enarsson (1998) tedarikgilerin cevresel perfomanslarini degerlendirmeye yoénelik balik kilcigr di-
yagramini 6nermistir. Bai ve Sarkis (2010a) gri sistem teorisi ile kaba kiime teorisini (grey system and
rough set theory) sentezlerken, Bai ve Sarkis (2010b) ile P. Humphreys ve dig. (2003) durum tabanli ¢gikar-
sama (case-based reasoning) ile YTS'ni gerceklestirmislerdir. Tuzkaya ve dig. (2009) bulanik ANP ve bula-
nik PROMETHEE ile tedarikcinin cevresel performansi degerlendirilmistir. P. K. Humphreys ve dig. (2003)
kalitatif ve kantitatif kriterleri tanimlayarak, bilgi tabanl sistemlerin (knowledge based system) YTSnhe
nasil yardimci olacagini gosteren bir ¢cevresel Karar Destek Sistemi (KDS) gelistirmislerdir. Handfield ve
dig. (2002) Delphi yontemi ile kriter agirliklandirmasini yaptiktan sonra otomobil, giyim ve ambalaj sek-
toriinde YTS icin AHP tekniginin nasil uygulanacagini géstermistir. Chiou ve dig. (2011) YTS ile riin, pro-
ses ve yonetsel alanlardaki yesillenmenin firmalara rekabet avantaji sunacagini savunmustur. Humphreys
ve dig. (2006) bulanik tyelik fonksiyonlari kullanarak TS siirecinde cevresel performans degerlendirmesi
yapmistir. YTS ve bir sonraki bélimde agiklanacak olan strdurilebilir tedarikgi secimine yonelik yapilan
calismalarin 6zeti Cizelge 1'de verilmistir.

Bu konudaki genis literatiire dayanarak 6rnekleri cogaltmak miimkiindir. Genovese ve dig. (2013), Govin-
dan, Rajendran ve dig. (2013) ile Igarashi ve dig. (2013) yakin zamanda YTS konusundaki literattri ayrin-
tili olarak inceleyen yayinlardir. Noci'nin 1997 yilinda yayinlamis oldugu makalesi, Genovese ve dig. (2013)
tarafindan TS konusunda ¢igir acan bir yayin olarak nitelendirilmistir. Ayrica literatir taramasi esnasinda
1997 yilina ilave olarak 2003 yili sonrasinda da kirllmalar yasandigi gézlemlenmistir.

13.02.2003 tarihinde Avrupa birliginde (AB) yururlige giren 2002/96/EC sayili Elektrik ve Elektronik Ekip-
man Atiklari (Waste Electrical and Electronic Equipment, WEEE) direktifinin de akademik ilgiyi tetikledigi
disunllmektedir. Bu direktif elektrikli ve elektronik ekipman atiklarinin ayr toplanmasini ve geri kazani-
mini zorunlu kilmaktadir. Bu dogrultuda Ureticiler ekonomik émri tamamlanan Griinlerinden de sorumlu
tutulmakta, Grlinlerini geri kazanim, dontisiim ve ayristirilabilirlik oranlarini gozeterek tasarlamalari bek-
lenmektedir (Che, 2010). Burada amaclanan dogal kaynaklarin tasarruflu kullanilarak geri dénlsiim ve
tekrar kullanimla ilgili atik ydnetimi stratejilerini benimsetmek, cevreyi ve insan saghgini korumaktir. ilave
olarak 27.01.2003 tarihinde Avrupa birliginde yurtrlige giren 2002/95/EC sayili Zararli Maddelerin Kul-
laniminin Kisitlanmasi (Restriction of Hazardous Substance, RoHS) direktifi ile elektronik kartlarda ya da
malzemelerde baz maddelerin bulunmamasi sart kosulmaktadir (Che, 2010). Dolayisiyla bu direktiflerin
yayin sayisina olan etkisi de incelenecektir.
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. Bulanik VIKOR ve karmasik tamsayili lineer
23 Sasikumar ve Haq (2011) A
rogramlama

. Bulanik mantik ve cok amagli karmasik tamsayili
25 Amin ve Zhang (2012) N v i
lineer programlama

Bulanik DEMATEL, bulanik ANP ve bulanik

27 Buiyukozk ifci (2012
tiytikdzkan ve Cifci (2012) v o TOPSIS

Govindan, Khodaverdi ve dig.

(2013) v v\ Bulank TOPSIS

‘

31 Shen ve dig. (2012) V Bulanik TOPSIS

“Kriter ttirti: Ek (Ekonomik), Ce (Cevresel), So (Sosyal)

Cizelge 1. Yesil ve sirdirdlebilir tedarikgi secimine yonelik yapilan calismalar.
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Cizelge 1'de gosterilen YST ve STS'e yonelik yapilan 31 adet yayinin yillara gére dagilimi incelenmistir.
WEEE ve RoHS direktiflerinin ardindan yayin sayisindaki artis Sekil 2'de acik¢a goruilmektedir. Bu agidan
2003 yilinin bir doniim noktasi oldugu gorilmektedir. Ayrica yasal diizenlemelerin ve kamuoyu baskisi-
nin artarak devam etmesi paralelinde yayinlanacak makale sayisinin gelecekte artmasi beklentisi de ger-
cekgi bir yaklagim olacaktir.

YTS makalelerinin dagilimi

| 2003 dncesi

0 2003 yil

B 2003 sonrasi

Sekil 2. YTS ve STS calismalarinin yillara gére dagilimi.

Buraya kadar yapilan arastirmada TZ, TZY ve TS kavramlari ile ilgili detayli bilgiler verilmis ve TSdeki cev-
resellik egilimi agiklanmistir. Ancak giinimiizde CER'e ilave olarak kurumsal sosyal sorumluluklardan (Cor-
porate Social Responsibility, CSR) da bahsedilmektedir. Dolayisiyla ekonomik ve cevresel boyutlara ilave
edilmesi gereken yeni bir boyut ile karsilasiimaktadir.

3.2 Siirdiiriilebilir Tedarik Zinciri Yonetimi ve Tedarikci Secimi

UNCSD tarafindan yapilan stirdurdlebilirlik tanimlamasi ile TZYne lglinci boyut eklenmistir. Ekonomik ve
cevresel boyutlara ilave olarak insan haklari, tretken isgiict yaratimi ve esitlik gibi ilkeleri kapsayan CSR
boyutunun da TZY'ne eklenmesi ile ilk kez Stirdirilebilir Tedarik Zinciri Yonetimi (STZY)'nden bahsedil-
mistir (Genovese ve dig, 2013). Seuring ve Miiller (2008)'in calismasinda STZY icin tam bir tanimlama ile
karsilagilmaktadir. Buna gore; STZY malzeme, bilgi ve nakit akisi yonetimine ilave olarak TZ igerisindeki
tdm firmalarin, tlketici ve hissedar/ paydas ihtiyaclarindan dogan ve sirdurilebilir gelisimin tg temel
amacini (ekonomik, cevresel ve sosyal) dikkate alan isbirligidir. Blylikozkan ve Cifci (2011) STZY'ni; hem
malzeme, bilgi ve sermaye akisinin, hem de TZ boyunca sirketler arasi isbirliginin; misteri ve paydaslarin
gereksinimlerinden dogan sirdirilebilir gelismenin ti¢ boyutunun (ekonomik, cevresel ve sosyal) g6z
oniinde bulundurularak yonetilmesi olarak tanimlamislardir.

Carter ve Jennings (2002)’e gore, ilk ddnemlerde CSR, is diinyasinin toplumdaki roliintin teorik olarak tar-
tisildigr net olmayan bir konsepttir. Cevresel konulara ilave olarak, CRS konularinin altinda ele alinmakta
olan is guictindeki cesitlilik, calisan giivenligi ve insan haklar konularinin ise raslantisal olarak lojistik yone-
tim konulari icerisinde yer aldigi diisiiniilmekte idi. Daha 6nceden 6nemsenmeyen bu konu, giiniimiizde
karar verme proseslerinin ayrilmaz bir parcasina donlismustir (Bai ve Sarkis, 2010b). Hem is diinyasinin
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hem de kamuoyunun ilgisini ceken ve refahina katkida bulunan CSR, firmalar icin yonetimin karar ver-
mesi gereken dnemli bir konu olup gelisimine devam etmektedir (Carter ve Jennings, 2002).

Surdurilebilirligi gdzeten sistemlerde kararlarin tamami, ekonomik, cevresel ve sosyal dayanaklari
birlikte ele alan G¢ temelli muhasebe (Triple Bottom Line-TBL) ile uyumlu olarak olusturulmaktadir.
STZY'ne olan akademik ve kurumsal ilgi de son yillarda oldukga yuiksek seviyededir (Gimenez ve Tac-
hizawa, 2012). Fakat strdurdlebilirlik halen biyik cogunluk tarafindan sadece yesil/cevresel konular
olarak algilanmakta, sosyal boyut ile her ti¢ boyutu entegre eden calismalara nadiren rastlanmaktadir
(Seuring ve Miiller, 2008). Ancak 2010'lu yillar ile TZY kapsaminda TS ile ilgili olarak salt ekonomik (ge-
leneksel) ve/veya cevresel dayanagi gézeten calismalar yerini bu yeni perspektifi temel alan yaklasim-
lara birakmaya baslamistir.

Organizasyonlara, paydaslarinin beklentilerindeki degisiklikler ve disa bagimliliklarinin artmasi nedeniyle,
tedarikgilerinin faaliyetlerinden dolayi her gecen giin artan bir sorumluluk ylklenmekte (Goebel ve dig,
2012) ve zincir icerisindeki lider pozisyonlu firmalar tedarikgilerinin cevresel ve sosyal performanslarin-
dan sorumlu tutulabilmektedir (Seuring ve Mdller, 2008). Bu nedenle satin alma ve tedarik yonetimi, fir-
malari tedarikgilerinin sorumsuz davranislari nedeniyle su¢glanmaktan koruyabilecek cok 6nemli bir fak-
tor olarak ortaya ¢ikmaktadir (Goebel ve dig, 2012). Bu baglamda, firmalarin tedarik¢i secim stireglerine
yesil kriterlere ilave olarak sosyal kriterleri de entegre etmeleri tercih statiisinden ¢ikarak zorunluluk sta-
tlsline ge¢mistir.

TS konusunda cevresel etmenlerin goze alindidi ¢cok sayida calisma yapilmis olmasina ragmen, stirdiiri-
lebilirligin tim boyutlarini iceren daha sistematik yaklasimlara ihtiyag vardir. TS suirecindeki dual kaygi-
lara (ekonomik ve cevresel) insan haklari istismari, cocuk isgiicli ve sorumsuz yatirimlar (etik, saglik vb.
acilardan) gibi sosyal faktorler eklenmeli ve kaygilar t¢li boyuta ¢ekilmelidir (Bai ve Sarkis, 2010b). STS
prosesi operasyonel karar alma strecinde kullanilanlarin 6tesinde bir dizi ilave 6zelligin géz 6niine alin-
masini gerektirir. Tedarikgi iliskilerinin stirdrilebilirlik agisindan ve stratejik perspektiften ele alinmasi hu-
susu, cevresel ve sosyal konularin organizasyonlarin biinyesindeki artan 6nemi ve olgunlasan CSR kon-
septi ile daha belirgin hale gelmektedir (Bai ve Sarkis, 2010a; Seuring ve Miiller, 2008). STS'ne yonelik az
sayida yapilan ¢alismada, CSR ile iliskili TS kriterlerine deginilmis ancak tedarikcinin sosyal sorumluluk-
larini degerlendirmeye yonelik en kapsamli kriterler Bai ve Sarkis (2010b) tarafindan ortaya konmustur.

Literattirde firmalarin, tedarikgilerinin kot cevresel ve sosyal performansindan dolay yaptirma ma-
ruz kaldigina dair pek ¢ok 6rnek bulmak miimkindir. 2001 yilinda Sony Corporation sirketine ait 1,3
milyon kutu PlayStation2 oyun konsolu, oyun kontrol kablosunun yiiksek seviyede zehirli madde icer-
digi icin Ulkeye girisi AlIman hiikiimeti tarafindan engellenmistir (Hsu ve Hu, 2009). 2007 yilinda, Mat-
tel Inc., 20 milyon oyuncagi bazi tedarikgilerinin kursun iceren madde kullanmasi sebebiyle pazardan
geri cekmek zorunda kalmistir. 1996 yilinda ise taseronlarinin ¢cocuk isgliciinii kullanmasi nedeniyle
Nike Inc. karalama kampanyasina maruz kalmistir (Gimenez ve Tachizawa, 2012). Ayrica giyim sekto-
riindeki Disney, Levi Strauss, Benetton, Adidas ve C&A firmalarinin Uretim stireclerindeki insanhk disi
calisma sartlari ve/veya Uretilen kirlilik nedeniyle su¢landigi Seuring ve Miiller (2008) tarafindan bildiril-
mektedir. Ayrica Conoco, Texaco, Denny’s ve Coca-Cola gibi sirketlerde, hem toplumda itibar kaybi hem
de ciddi kazang kayiplari ile sonuglanan ve irk, din, cinsiyet ayrimciligini konu alan aktivist durumlarin
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yasandigi Carter ve Jennings (2002) tarafindan bildirilmistir. Bu 6rnekleri cogaltmak mimkinddr. An-
cak tecrlibe edilmis 6rneklerden de anlasilabilecegi gibi sorumlulugun sinirlari firmanin mulkiyet sinir-
lari veya direkt kontrol sinirlarinin 6tesine tasmakta (Gimenez ve Tachizawa, 2012) ve firmalarin sadece
kendi icsel dinamiklerine odaklanmasi yetersiz kalabilmektedir. Ureticiler kendilerinin ve tedarikgileri-
nin kotl cevresel ve sosyal performanslarindan dolayi boykot edilebilmekte ve bu durumlardan zin-
cir icerisindeki odak firma sorumlu tutulabilmektedir (Goebel ve dig, 2012; Seuring ve Miiller, 2008).
Firmalar kendi gelisimleri izerinde tedarikgilerinin etkisini fark etmis (Bai ve Sarkis, 2010b) ve bu ne-
denle de son zamanlarda surdirlebilirligin tedarikgilere yayilimi konusu (extending sustainability to
suppliers) giindeme alinan énemli bir bashk olmustur. Gimenez ve Tachizawa (2012), strdurilebilirli-
gin tedarikgcilere yayilimi icin iki farkl ydnetim mekanizmasi veya yaklasim oldugunu belirtmistir. Bun-
lar Sekil 4de goruldugu gibi tedarikci degerlendirmesi ve tedarikgi ile isbirligi tesis edilmesidir. Ayrica
tlim surreclerde STZY uygulamalarini benimsemedikge zincir icerisinde stirdurilebilirligin tesisi imkan-
sizdir (Bai ve Sarkis, 2010b).

Yonetim

Dinamikler makanizimalan Sirdarilebilirlik

Cevresel

Tedarikgi
¢ |\ performans

| Degerlendirmesi

I dinamikler

Ekonomik
performans

Sosyal
performans

Tedarikgi ile

Dhig dinamikler isbirligi tesisi

Sekil 3. Surdurdlebilirligin tedarikcilere yayilimi (Gimenez ve Tachizawa, 2012).

Sonug olarak, hem tretim siireclerinde hem Uriin performansinda hem de calisanlara ve topluma yéne-
lik etik uygulamalarda surrdirilebilirlik felsefesi gozetilmeli ve bu anlamda zincirin tim Uyeleri sorumlu-
luk almalidir.

3.3 Tedarik¢i Secim Probleminin Asamalari

Dogasi geregi birbiriyle celisen niteliksel ve niceliksel kriterlerin ve amaglarin var oldugu bir karar verme
problemi olan TS buraya kadar bahsedilen gelismeler 1siginda ¢ok daha zor ve karmasik bir hale gelmis-
tir. STS icin tedarikgiyi strdurdlebilirligin tim boyutlari ile degerlendirebilmeyi mimkin kilan bilimsel bir
yaklasima ihtiyag vardir. Bu nedenle se¢im sureci éncelikle siniflandiriimalidir.

De Boer ve dig. (2001) yilinda yayinlamis oldugu tedarikci secim metotlarinin siniflandirmasi ile ilgili ve li-
teratir tarafindan buydk ilgi géren makalesinde (Wu ve Barnes, 2011), 2001 yilina kadar yayinlanmis ¢a-
lismalarda son asamaya odaklanildigi, dnceki asamalara gereken 6nemin verilmedigi savunulmustur. De
Boer'in calismasinin devami olarak Wu ve Barnes (2011) de benzer bir perspektiften konuyu incelemis ve
gegen on yillik stire icerisinde bu alanda ¢ok az calisma yapildigina isaret etmistir.
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Sekil 4de tedarikgi secim probleminin ¢6zimu icin uygulanan bir sistematik yaklagim sunulmustur. Bu sis-
tematigin uygulama adimlari De Boer ve dig. (2001) tarafindan asagida agiklandigi sekliyle bildirilmistir:

Problemin tanimlanmasi asamasinda, TS'nin amaclari belirlenmektedir. Tedarikgi ile satin almayi yapacak
firma arasindaki iletisim diizeyinin bu asamada ortaya konmasi gerekmektedir. Burada kullanilacak tek-
nikler kalitatif araclardir.

Satin alf satin alma?
Daha fazla/ daha az tedarikgi
Mevcut tedarikgi dedisgtinilsin mi?

Problemin
tammi Daha fazla/ daha az kriter?

Bitin tedarikgiler gerekli mi?

Kriterlerin
formuilasyonu

Uygun tedarikgiler

Niteliklerin
belirlenmesi

Kar / fiyat analizi

Kalitatif araglar Siparis alma

Kantitatif araglar

Sekil 4. Tedarikgi secim probleminin safhalari ve kullanilan karar metotlarinin siniflandiriimasi (De Boer ve dig,
2001).

Kriter formiilasyonu asamasinda, TS'nde satin almayi yapacak firma tarafindan secim kriterleri belirlenmek-
tedir. Burada kullanilacak teknikler kalitatif araclardir. Tedarikgilerin degerlendirilmesi ve secilmesinde kul-
lanilan Olcutler icin yapilan en kapsamli calismalardan birisi Dickson (1966) tarafindan yapilan ¢alismadir.
Dickson, bu calismasinda TS'nde kullanilabilecek 23 6lctt belirlemistir.

Niteliklerin belirlenmesi asamasinda, uygun tedarikgi kiimesinin, kriter formilasyonu asamasinda belirle-
nen kriterleri karsilama dereceleri ortaya konulmaktadir. Burada kullanilacak teknikler kantitatif araglardir.

Son se¢im asamasinda ise, belirlenen kriterlere ve tedarikgilerin bunlar karsilama derecelerine gore ilgili
tedarikcinin secimi yapilmaktadir. Burada kullanilacak teknikler kantitatif araclardir.

4. SONUC VE ONERILER

GUnUmuz kosullarinda geleneksel TZY yerini STZY'ne birakmistir. STZY, strdurilebilir gelismenin Ug te-
mel boyutunu dikkate alarak, tiim zincir boyunca, malzeme, bilgi ve sermaye akisina ilave olarak, sirket-
ler arasi isbirliklerinin yonetimidir.

Musteri memnuniyetini saglamak, daha kaliteli ve ucuz Griin sunabilmek her firmanin hem ana hedefi
hem de varliklarini stirdiirebilmek icin temel zorunluluklaridir. Hammadde ve komponentler bircok sektor
icin Urlin maliyetlerinin en dnemli kalemini olusturmanin yaninda, triinlerin performans ve &zelliklerini
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de belirlemektedir. Dogru hammadde/komponentlerin, dolayisiyla dogru tedarikgilerin secimi, maliyet-
ler ve Urtin performansinin yaninda firmalarin diger tim performans olcitleri icin de son derece 6nem-
lidir. Tedarik Zinciri Yonetimi literattirl icerisinde tedarikgi secimine yonelik ¢cok sayida ¢alisma mevcut
olmakla birlikte bu calismalarda ¢ok buyik 6lclide ekonomik dayanaklar gézetilmis ve son secim asa-
masina odaklaniimistir. Dogru tedarikgilerin secimi ise ancak ve ancak dogru secim kriterlerinin kullanil-
mastyla mimkinddr.

Performans artigi ve maliyet verimliligi icin dogru tedarik¢iyi segmek 6nemli, ancak mevcut sartlar icin
yeterli degildir. Firmalar artan sorumluluklari ile miicadele etme sireclerine tedarikgilerini de dahil et-
mek istemektedir. Boylece hem merkezi aktivitelerine odaklanmak icin enerji tasarrufu saglayabilecek-
ler hem de surdirdlebilirligin tic temel dayanadi agisindan zarara ugrama risklerini minimize edecek-
lerdir. Firmalar arasi tesis edilecek entegrasyonun hem bireysel hem de musterek faydalar saglayacadi
literatlirdeki yazarlar tarafindan pek cok kez deginilmis bir konudur (Danese, 2013; Daugherty, 2011;
Prajogo ve dig, 2012; Prajogo ve Olhager, 2012). Fakat yine literatiir tarafindan stratejik ortakliklardaki
basarisizlik oraninin da %70 oldugu (Daugherty, 2011) ortaya konmaktadir. Bu veri istenen entegrasyon
seviyesine gore uygun tedarikgcilerin secilmedigi sliphesini dogurmaktadir. Bu asamada uygun tedarik-
¢inin secimi ortakhigin kaderini belirleyecektir. Bu nedenle, operasyonel performanslarina ilave olarak
cevresel ve sosyal performanslarini da arttirmak isteyen firmalar, “dogru tedarikgiler ile uzun soluklu
etkilesim ve isbirligi arayisi” icerisindedirler. Tedarikgiler ile uygun ortaklik ve entegrasyonu tesis et-
mek, dogru tedarikciyi se¢mek kadar 6nemlidir. Konu bu agidan degerlendirildiginde, firmalarin teda-
rikcileri ile kuracaklari isbirligi seviyesinin secim kriterleri Gzerine nasil nufuz edecegi konusunda de-
tayh calismalarin yapilmasi faydali olacaktir.

Maliyet ve kalite gibi tedarikgi secim stirecinde kullanilabilecek temel kriterlere 1980 ve 1990'larda tekno-
lojik degisiklikler, market genislemeleri, misteri beklentileri ve gelisen Uretim felsefeleri dogrultusunda
(Tam Zamaninda Uretim, Toplam Kalite Yonetimi, Yalin Uretim, Cevik Uretim, Cevresel Uretim vb.) pek cok
yeni kriter eklenmistir. 1990’li yillarda ise artan gevresel kaygilar dogrultusunda TS'nde kullanilan perfor-
mans metriklerine Grlin 6zellikleri, geri donlsum, atiklar ve emisyonlar ile kaynak kullanimi gibi pek ¢cok
cevresel metrik ilave edilmistir (Huang ve Keskar, 2007). Firmalar sadece kendilerinin degil ayni zamanda
tedarikgilerinin ve ortaklarinin da cevresel performanslarindan sorumlu tutulmaktadir (Tsoulfas ve Pappis,
2006). Bu dogrultuda firmalar tedarikcilerinden hem Uretim sireclerinde, cevre lizerinde negatif etkile-
rini azaltmalarini hem de Urettikleri Grlinlerin, cevresel performansini arttirmalarini beklemektedir (Chiou
ve dig, 2011). 2000'li yillarda gelindiginde ise yapiya insan haklari odakl yaklasimlar dogrultusunda fir-
malarin sosyal sorumluluklarini kapsayan kriterler eklenmistir. Gimenez ve Tachizawa (2012)'ye gore gi-
nimuzde firmalar, TZ'ne stirdurilebilirligi entegre etmek icin, tedarikgi degerlendirme ve tedarikgi ile is-
birligi tesis etme uygulamalarini kullanmalidirlar. Bu baglamda TS sireglerinde kullanilan kriterler tekrar
g6zden gecirilmelidir. Bu kapsamda stirdirdlebililigin her tic boyutunu dikkate alarak kullanilabilecek TS
kriterlerinin belirlenmemis oldugu tespit edilmistir.
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Abstract

Radio-over-Fiber (R.o.F) is considered as a technology where it can modulate the light with radio frequency
signals (R.F) and transmit through fiber optic cable to simplify and transfer wireless access. According to in-
creasing demand of high bandwidth of communication networks, (R.0.F) considered as an efficient and prac-
tical solution. In this paper, we will have proposed and shown the performance of RZ modulation formats
and radio frequency with a specific type of laser that is vertical cavity surface emitting laser (V.C.S.E.L) with
two channels and sent the signals on one single-mode fiber (S.M.F) by using wavelength-division-multiplex-
ing (W.D.M). The bit rate of each channel is 10Gbps, so the cumulative bit rate on SMF is 20 Gbps. The aver-
age results of our experience from our simulation for two channels are Total Output Power dBm (6.53388),
Max Q- Factor (6.67182), Minimum BER (3.43236*10""), OSNR (dB) (29.6399). All the average values are good
and acceptable, we get on it because we using attractive components and there is compatibility between all
components. The simulation and performance test of RoF was done using Optisystem 7.0.

Keywords: RoF, RZ, SMF, VCSEL, WDM.
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WDM TABANLI 20Gbps RoF MiMARISi iCiN VSSEL VE RZ KiPLEME BiCiMi KULLANARAK
BiLGiSAYAR BENZETiMi

Ozet

Fiber lizerinden Radyo (R.o.F), 15ig1 kablosuz frekans sinyalleriyle (R.F) modiile edip kablosuz erisimi kolaylas-
tirmak ve aktarmak icin fiber optik kablo tizerinden iletebilecegi bir teknoloji olarak kabul edilir. iletisim ag-
larinin yliksek bant genisligine olan talebinin artmasina gore (R.o.F) verimli ve pratik bir ¢6ziim olarak kabul
edilmektedir. Bu makale de, RZ modiilasyon formatlarinin ve radyo frekansinin performansini, iki kanalli di-
key bosluklu yiizey yayimli lazer (VCSEL) olan ve belirli bir tek modlu fiberde (SMF) gonderilen belirli bir lazer
tlrtinde olan bir lazer performansi 6nerdik. Dalga boyu bolmeli cogullama (WDM) kullanarak. her bir kana-
Iin bit hizi 10 Gb / sndir, bu nedenle SMFdeki kiimdilatif bit hizi 20 Gb / sndir. iki kanal icin simiilasyonumuz-
dan elde ettigimiz deneyimin ortalama sonuglan Toplam Cikis Glicii dBm (6.53388), Maksimum Q Faktor(
(6.67182), Minimum BER (3.43236 * 10"), OSNR (dB) (29.6399) seklindedir. Tum ortalama degerler iyi ve ka-
bul edilebilir olmustur. Tim bilesenler arasinda uyumluluk vardir. RoF'nin simiilasyonu ve performans testi,
Optisystem 7.0 kullanilarak yapilmistir.

Anahtar Kelimeler: RoF, RZ, SMF, VCSEL, WDM.

1. INTRODUCTION

Nowadays, there is an increasing need for broadband bandwidth services that leads to ever-increasing
data traffic on these services [1]. In addition to the high-speed, symmetric and guaranteed bandwidth re-
quirements for future video services, next-generation-access-networks are leading the converging needs
of wireless services and wired. (R.0.F) is considered an integration of microwave and optical networks is
a possible solution to increase the mobility, capacity and reducing the charges in the access network via
(R.0.F) [2]. The (R.0.F) concept means transferring information on optical fiber cable via modulating light
with the (R.F). This modulation is able to be made immediately with the radio-signal or at an intermedi-
ate frequency (IF). (R.o.F) has the capability to be the backbone of the wireless-access-network. This ar-
chitecture could give many benefits like Transparency and scalability [3].

The aim of this work it is to improve the performance of (R.0.F) technology, in our work we design and
simulate RoF based on VCSEL with WDM to improve the broadband system by solving some problems
determine the efficiency of the system performance like nonlinearity problems and to make the system
flexible by using few components.

Many researchers had studied RoF and WDM like LA Johansson and AJ Seeds [4], “they report the trans-
mission of millimeter wave (MM-Wave) via (R.O.F) demonstration by optical phase-lock loop Technical. A
36-GHz 140-Mb/s ASK modulated carrier is sent over (65km) of standard single mode fiber (S.S.M.F) with
a BER less than (10°)" Also Peter and Rene, [5] (Advanced-Optical-Modulation-Formats) has become a
main component to design of new wavelength division multiplexed (W.D.M) optically transport networks,
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Lakshmi and et.al. [6], they are proposed a solution way to integrate Radio over Fiber (R.o0.F) with (W.D.M-
P.O.N) with bidirectional. By new polarization components.

2. METHODOLOGY

In this section, we introduce some techniques and important component that used to design our sys-
tem like (RoF), (V.C.S.EL) and (W.D.M).

2.1 Radio-over-Fiber (R.o.F)

R.0.F is a technique that Use fiber optic cable to transmit (R.F) signals from a headend to various remote
antenna units (R.A.U). It consists of transmitting the radio signal from the wireless devices upon an opti-
cal carrier for distribution through a fiber optic to various remote antennas,[7].

2.2 Vertical Cavity Surface Emitting Laser (V.C.S.E.L)

The Vertical-Surface-Cavity-Emitting-Laser (V.C.S.E.L) has optical cavities perpendicular with those found
in the traditional edge emitting diodes lasers [8]. This easy change in the direction of the cavity produces
radical variations in many things like manufacturing and array formation. (V.C.S.E.L) has become the
main device in high-speed optical local-area-networks (L.A.Ns) and until in wide-area-networks (W.A.Ns).
(V.CS.ELL) also enables high-quality data transfer in hardware and in the computer systems, including
storage-area-networks (S.A.Ns) and wide-optoelectronics-fields [9].

2.3 Wavelength-Division-Multiplexing (W.D.M) Networks

(W.D.M) is a device that allows to multiple independent data streams to send them over a single fiber. By
sending two or more distinct signals per fiber, so the transmission capacity will be doubling. The ability
to use existing fiber optic more efficiently makes (W.D.M) device is so attractive marketing proposition.
Thus, it is important to upgrade existing optical communication systems to (W.D.M) for implement the
infrastructure that provide access to a majority of persons living in (urban and rural) areas, since it is of-
ten so expensive to installations a new fiber in the ground. [10].

3. SYSTEM ARCHITECTURE

properties it takes the in this system, we design RF system using return-to-zero (RZ) as shown in Eq. (1)
to coded input seeding data there are three parts configure this in Figure (1).
1—e /0 g =t <tl
ltl=t=t2
E":t,."{: f) gz Eﬂt{t C

0 te=t=T

E(t)=

Eq. (1) is known as Return to Zero (RZ), [11].
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Where € & €7 represent rise time and fall time respectively, 1 & £z, together with € & ¥, are numer-
ically determinate to (generate pulses) with the exact values of the parameters € & C¢ the duty cycle

duration is represented by t., finally, T mean the bit period.

The first part of three part as an illustration in figure (1) is the optical transmitter (V.CS.E.L) laser Equa-
tions (2). this component produce optical signal in an efficiently frequency with 193.1THz, the bias cur-
rent is 5mA, and the temperature is 20C.

dN(t) ?;'[l::f':r]'—f,:,ff{r}}
dt q -V

NiE) :
—wr:—gu'[N(ﬂ—Nr)'m'S(t] 2)

Eq. from (2) known as (V.CS.E.L) Laser, [11].

Where 1; is the injection-efficiency, V'is the active layer volume, Ny is the carrier density at transpar-
ency, Tn is the electron lifetime, Egis the gain slope constant, 80 = Yy * g, fg s the active layer

gain coefficient,, Yz is the group velocity and £ is the gain compression factor.

The seeds bits generate by the PRBSG, the sine generator used to get a RF with frequency of 10GHz,
and phase with 90deg), and two LiNb MZ, the other optical transmitter consists of the same compo-
nents except the sine generator_2 with frequency of (100GHz), these two optical signals are input to
the WDM (2x1), the second part of this system is the transmission link consists of SSMF with 25Km, and
EDFA with 5m, and the separated by the demultiplexer WDM (1x2), the final stage of the system is the
optical receiver with two components. The First component of the optical receiver side is RX optical re-
ceiver, its properties (photodiode type PIN, gain=3, low pass Bessel filter (cutoff frequency(Hz)=0.75*Bi-
trate, depth=100dB, order=4)) Equations (3).

H(s) =a o 3)

By (%)
Eq. from (3) is known as Low Pass Bessel Filter, [11].

(2n)1
2N

Where & is the parameter Insertion loss, g =
der Bessel polynomial.

where N mean the parameter Order, BN(s) an n"-or-

Finally, we use the BER analyzer to monitor the output signal. We can show the main layout properties
and standard single mode fiber (SSMF) main properties in Table (2&3) respectively.
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Figure 1. Show the RF based VCSEL and WDM

From Figure (1), we can show the architecture of the experiment. In this architecture, we design another
RF system using return-to-zero (RZ) to coded input seeding data. In this design, there are three parts. The
first one is the optical (V.C.S.E.L) leaser, this component produces an optical signal in the efficient prop-
erties. The seeds bits generate by the PRBSG, the sine generator used to get an RF with the frequency
of 10GHz, and two LiNb MZ. The other optical transmitter consists of the same components except for
the sine generator_2 with the frequency of 100GHz). These two optical signals are entered to the WDM
(2x1). The second part of this system is the transmission link. It consists of SSMF with 25Km, and EDFA
to amplify the signals, and separates the signal by the demultiplexer WDM (1x2). The last one is the op-
tical receiver with two components. Finally, the BER analyzer to monitor the output signal.

Name Value unit
Bit Rate (10000000000) (Bits/s)
Time Window (1.28*10® (S)
Sample rate (640000000000) (Hz)
Sequence length (128) (Bits)
Samples per bit (64) None
Number of samples (8192) None
Table 1. Main Layout Properties
Name Value Unit
Reference wavelength (1550) (nm)
Length (25) (Km)
Attenuation (0.2) (dB/km)

Sequence length (128) (Bits)

Table 2.

SSMF main properties.
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The previous Tables (1 and 2) shows the Main Layout Properties and the SSMF main properties. as seen
above (10 Gbps) will be transmitted over (25 Km) SSMF.

4. EXPERIMENT RESULTS

In this experiment at the transmitter side, we use (V.C.S.E.L) with a wavelength of 1552.52nm, the (W.D.M)
offer multiple input users at the same link, increasing bandwidth up to 20Gb/s over 25km, the results ob-
tained from this architecture appear in Table (3).

= BER Analyzer O/P Channel 1

Dbl Click On Objects to open properties. Move Objects with Mouse Drag
Time (bit period)
0 o5 1

0m

Amplitude (a.u.)

10m

0.5
Time (bit period)

Figure 2. Shows the Q-factor vs. Time vs. Amplitude for the outputs from the first channel, @VCSEL, WDM, RZ,
10Gb/s, and 25Km SSMF.

=] BER Analyzer O/P Channel 1
Dbl Click On Objects to open properties. Move Objects with Mouse Drag
Time (bit period)
o EIIS 1I

20m

Amplitude (a.u.)

10m

-10
|

0.5
Time (bit period}

Figure 3. demonstrates the log of BER vs. Time vs. Amplitude for the output 1550nm, @VCSEL, WDM, RZ, 10Gb/s,
and 25Km SSMF.
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A good eye opening performance show in Figures (2 and 3) for a data rate of 10 Gb/s over optical fiber
length equal 25km, the good eye opening for the received signals at the received side for the channels
are well and demonstrate there are no ISI, and no crosstalk. The x-axis shows the values of the bit period
(the intervals between transmitted bit), The bit time refers to ellipse time to one bit to be out from the
network, while the amplitude measures the change over the single carrier, and the Q indicates the value
Q-factor the high peak in the red color curve show the Q-Factor at this iteration.

Time (bit period)
a |5

im 4m im Gm
Amplitude {a.u.)

2Zm

0 0s 1
Time (bit period)

Figure 4. shows the Q-factor vs. Time vs. Amplitude for the output of the second signal, @VCSEL, WDM, RZ,
10Gb/s, and 25Km SSMF.
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10m
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Figure 5. illustrates the log of BER vs. Time vs. Amplitude for the output of the second signal, @VCSEL, WDM, RZ,
10Gb/s, and 25Km SSMF.
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While in Figures (4 and 5) shows a good eye opening of the received signals at the received side is well
and demonstrate there are no ISI, and no crosstalk. The x-axis shows the values of the bit period (the in-
tervals between transmitted bit), the amplitude is an indicate the changing in period, and the Log of
BER indicate the value of BER, the high peak in the red color curve show the Log of BER at this iteration.

Channel Total Output Power dBm Max Q- Factor Minimum BER OSNR (dB)
1 -6.93174 6.95692 1.41*102 29.6399
2 19.9995 6.38672 6.72*10™" 29.6399

AVERAGE 6.53388 6.67182 3.43236*10™ 29.6399

Table 3. Summarize Outcome from RoF Based VCSEL.

In Table 3, we show the values of Total Output Power, Max Q- Factor, Minimum BER and OSNR for chan-
nel 1 and 2, and calculate the average of every value.

Based on the previous figures (2 — 5) the RoF system has the following specifications: the average total
power is (6.53388dBm), the average Max Q-Factor is (6.67182), the average Min BER equal to (3.43236*10
1), and the average of OSNR is (29.6399dB), this is a good outcome and performance this is due to attrac-
tive characteristics of components that configure this architecture it’s also can be applied on existing last
mile infrastructure currently used by ministry of communication in Republic of Iraq.

Works Modulation type Bandwidth BER Reference
Previous work NRZ 15 Gbps 10" [12]
Our Experiment RZ 20 Gbps 3.43*10™M Our Experiment

Table 4. The Comparison between previous works and our work

Table )4(, shows the comparison between the previous researcher works and our work as we see above,
due to the table our result shows an attractive result compared with other researchers, this is due to se-
lecting good components (active/passive) and good values and properties for parameters, also (we use
multiple users by WDM) without need to changing the existing infrastructure.

The Bit Error Rate (BER) is an indicator is affected by the bandwidth. The increasing or decreasing is in-
fluenced by the components used in the design and vary from design to another. In our design the BER
was good and very acceptable according to the components and bandwidth that was used.

5. CONCLUSION

To transfer maximum probable information and low cost and less error is the key goal of a communica-
tion system. We try to enhance the channel capacity by using RZ as modulation type and VCSEL as a light
source and WDM to merging two signals and transmit them on SMF. we sent 10Gbps on each channel
so the cumulative bit rate on SMF is 20 Gbps.
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The most beneficial part of our system is usage fewer components to reduce the complexity and we will
exploit the existing SMF to have more bandwidth by using two channels and transmit on SMF that will
reduce operational expenses. The average results of our experience from our simulation for two chan-
nel are Total Output Power dBm (6.53388), Max Q- Factor (6.67182), Minimum BER (3.43236*10'"), OSNR
(dB) (29.6399).

All the average values are good and acceptable, we get on it because we using an attractive compo-
nent and there is compatibility between all components. The simulation and performance test of RoF
was done using Optisystem 7.0.
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Ozet

Yazilim testi, yazilim gelistirme siirecinin en énemli safhalarindan biridir. Ozellikle yaziim gelistirme siireci
sonunda ortaya ¢ikan Uriinlin kalitesinin belirlenmesi yazilim testi ile saglanir. Bu 6nemine ragmen, yaziim
sektoriinde test safhasi planlama ve kaynak eksikliginden dolay cogu kez g6z ardi edilmektedir. Son yillarda,
yazilimda kalite sertifikasyonunu saglamak, yaziim gelistirme stireclerini iyilestirmek ve yetenek belirlemek
amaclanyla ilgili olarak CMM, CMM|, ISO 15504 gibi cesitli modeller ortaya ¢ikmistir. S6zl edilen bu modeller
icerisinde yazilim test stirecleri ile ilgili olarak dogrulama, saglama gibi siireg alanlan mevcuttur. Ancak var olan
bu siirec alanlari, yazilim siireclerindeki test islemlerinin detaylarina yonelik yeterli bilgiyi icermemektedir. Ya-
zilim kalite modellerinin test strecleri ile ilgili eksikligini tamamlayici olarak TMMi modeli ortaya ¢ikmistir. Bu
calismada, kaliteli yazilim gelistirme noktasinda test stireglerini iyilestirmek isteyen firmalarin TMMi hakkinda
bilgilendirilmesi amacglanmustir. Ayrica, yazilim firmalarinin hali hazirda uyguladiklari test streglerinin olgun-
luk diizeylerini artirma noktasinda nelere dikkat etmeleri gerektigi konusu da calisma icerisinde ele alinmistir.

Anahtar Kelimeler: Yazilim testi, Yaziim kalitesi, Yazilm proje yonetimi, CMMI, TMMi.

IMPROVING QUALITY IN SOFTWARE PROJECTS: TMMi

Abstract

Software testing is one of the most important steps in the software development process. In particular, the
determination of the quality of the product at the end of the software development process is provided by
software testing. Despite its importance, the testing process in the software industry is often ignored due to
lack of planning and resources. In recent years, various models such as CMM, CMMI, ISO 15504 have emerged
for the purpose of providing quality certification in software, improving software development processes and
determining capability. There are process areas such as verification and validation related to software test-
ing processes in these models. However, these existing process areas do not contain sufficient information
about the details of the testing processes in the software process. The TMMi model has emerged to com-
plement the lack of software quality models related to testing processes. In this study, it is aimed to inform
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the companies who want to improve their test processes in quality software development about TMMi. In
addition, it is also discussed in the study what software companies should pay attention to improve the ma-
turity levels of the test processes they have already applied.

Keywords: Software testing, Software quality, Software project management, CMMI, TMMi.

1. GiRis

Son yillarda, yazilm sektoriinde gelistirilen yazilim Grlinlerinin basarili bir sekilde tamamlanmasi ve kalite-
sinin artinlmasi icin blytik caba harcanmaktadir. Misteri ve kullanici taleplerinin artmasiyla dogru orantili
olarak yazilim trtinlerinin biyikligi ve karmasikhidgi da artmaya baslamistir. Bu durum yazilim Griinleri-
nin istenilen kalitede olmasini zorlagtirmaktadir. CMMI (Timlesik Yetenek Olgunluk Modeli - Capability
Maturity Model Integration) (Chrissis, 2011), ISO 15504 (Gokalp, 2015) gibi cesitli kalite iyilestirme yakla-
simlarinin kullanimi ile elde edilen basarilara ragmen, yazilm sektoriinde sifir hata ile yazilim drinlerinin
gelistirilmesi hala mimkuin degildir (van Veenendaal, 2018). Yazilim sektorlinde gelistirilen yazilim Griin-
lerinin istenilen kalitede olmasini saglamak icin, genellikle gelistirme stireclerinin iyilestiriimesine odakla-
nilmaktadir. Yaziim gelistirme sireclerinin iyilestiriimesinde yaygin olarak CMMI kullanilmaktadir. Yazilim
sektorlinde standart olarak kabul edilen CMMI, yazilim gelistirme sureglerinin iyilestirilmesi icin bir reh-
berdir (Yucalar, 2006). Yazim gelistirme stireclerinin etkin bir bicimde tanimlandigi CMMI standardinin
kullanimr ile yazilim projelerindeki degiskenlikler azaltiimaktadir. Yazilim kalitesinin artirilmasi noktasinda
test stireci nemlidir. CMM icerisinde test sureci ile ilgili olarak dogrulama (verification) ve saglama (vali-
dation) slrec alanlari yer almaktadir. Ancak CMMl icerisinde yer alan bu siirec alanlari, yazilim stireglerin-
deki test islemlerinin detaylarina yonelik yeterli bilgiyi icermemektedir. Test stirecleri toplam proje mali-
yetlerinin en az %30-%40'In olusturmasina ragmen, CMMI gibi bir yazilim sureg iyilestirme modelinde
bile test strecine sinirli diizeyde yer verilmedigi gorilmektedir (Yucalar, 2006). Bu nedenle CMMI'y1 ta-
mamlayici bir model olarak TMMi (Tiimlesik Test Olgunluk Modeli — Test Maturity Model Integration) ko-
numlandirimistir. TMMi, test sureclerinin iyilestirilmesi amaciyla Chicago lllinois Institute of Technology
tarafindan gelistirilmistir (Basar, 2015). TMMi, yaziim sektoriinde yer alan firmalarin yazilim test strecle-
rine iliskin olgunluk seviyelerinin belirlenmesi ve hedeflenen olgunluk seviyesine ulasilabilmesi icin kul-
lanilan bir referans modeldir (Camargo, 2013).

Bu calismada, kaliteli yazilim gelistirme noktasinda test siireclerini iyilestirmek isteyen firmalarin TMMi hak-
kinda bilgilendirilmesi ve mevcut test sureclerinin olgunluk diizeylerinin artirlmasina yonelik nelere dik-
kat etmeleri gerektigi konusu ele alinmistir. Calismanin ikinci bolimiinde literattirde TMMi ile ilgili olarak
yapilan calismalara yer verilmistir. Uclincii bélimde TTMi'in yapisindan ve olgunluk diizeylerinden bah-
sedilmistir. Dordlinct bolimde, CMMI ile TMMi modelleri farkli bakis agilarindan ele alinarak karsilastiril-
mistir. Calismanin son bélimiinde ise sonug ve dnerilere yer verilmistir.

2. LITERATUR OZETi

Literatiir taramasi yapildiginda TMMi modeli ile ilgili olarak yapilan calismalarin sinirli oldugu gézlemlen-
mistir. Yapilan ¢alismalarin agirlikli olarak yazilim test siireclerinin iyilestirilmesinde TMMi modelinin kul-
lanilabilecegi yonundedir.
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Farid ve ark. (Farid, 2015) yaptiklar ¢calismada, TMMi ile Scrum uygulamalar arasinda detayli bir eslestirme
uygulayarak yazilim test sirecinin iyilestirilebilecegini savunmuglardir. Deneysel calismalar sonucu elde
ettikleri sonuglar ile de yapmis olduklari bu eslestirmeyi dogrulamiglardir.

Bris ve ark. (Bris, 2015) yaptiklari calismada, yazilim kalite glivence ve kontroli ile ilgili olarak yazilim test
stireclerine odaklanmiglardir. Calisma icerisinde yazilim gelistirme metodolojisi ile ilgili olan yazilim test
stirecini ve TMMi kullanimi ile test stireclerinin iyilestirilebilmesine yonelik tanimlama ve 6nerilerde bu-
lunmuglardir. Ayrica, TMMi modeline gore ikinci seviye yazilim test streci olgunlugunu elde etmek ama-
cryla mevcut yazilim test stirecinin durumu lizerinde bu 6nerileri uygulamaya ¢alismiglardir.

Kim ve ark. (Kim, 2014) ise yaptiklar ¢alismada, yaziim muhendisliginde hibrit analiz yontemini temel
alan TMMi ile degerlendirilen test organizasyonlari igin test stirecinin nasil gelistirilecedini &nermislerdir.

Bose ve ark. (Bose, 2016) yaptiklari calismada, TMMi sertifikasini elde etmek icin organizasyonlarin doni-
sUimina ele almiglardir. Mevcut test uygulamalarinin ve islemlerinin istenen TMMi olgunluk seviyesine
karsi ilk degerlendirilmesinin nasil yapilacagini bir dneri yol haritasi olusturarak sunmuslardir. Calisma ice-
risinde TMMi'ye ulasmak icin taktiksel ve stratejik firsatlar g6z 6niinde bulundurarak, mevcut ve hedef
son durum arasindaki bosluklari ele almak icin gereken 6rgutsel degisim yonetimine dikkat cekmislerdir.

Araujo ve ark. (Aratjo, 2013) yaptiklar calismada, TMMi modelini temel alan kiigiik ve orta dlcekli islet-
melere yonelik yazilim olgunluk degerlendirmesi icin bir cerceve model 6nermislerdir. Bunun icin cerceve
model kapsaminda TMMi alt uygulamalarini temel alan bir degerlendirme anketi hazirlamiglardir. Hazirla-
mis olduklar degerlendirme anketinin eksiksiz bir sekilde doldurulmasini saglamak icin gereken 6rnek-
lerin yer aldigi otomatik bir arac ile de bunu desteklemislerdir. Onermis olduklar cerceve modeli, kiiciik
ve orta Olcekli dort isletme Uizerinde test etmislerdir.

Afzal ve ark. (Afzal, 2016) ise yaptiklari calismada, sistematik bir literatlir taramasi kullanarak mevcut yazi-
lim test siireci iyilestirme yaklasimlarini ve 6zelliklerini tespit etmeye calismislardir. TPI (Test Process Imp-
rovement) NEXT ve TMMi olmak Uzere se¢mis olduklan iki yaklasimi, yaziim endustrisindeki icerik ve
analiz sonuclarina gore degerlendirmislerdir. Bu calisma sonucunda 18 yazilim test sureci iyilestirme yak-
lasimini ve 6zelliklerini belirlemislerdir. TPI NEXT ve TMMi iceriginin detayl bir karsilastirmasini yapmis-
lar ve yazilim test suireci iyilestirme yaklagimlarinin cogunun yeterli bilgi saglamadigini tespit etmislerdir.

3. TMMi

Yazilim testi (software testing), bir yaziim Griini icerisindeki hatalari bulmak amaci ile yapilan islemler-
dir. Yazilim testi temel olarak elde edilen yani gelistirilen yaziim Grliniiniin kalitesinin istenilen diizeyde
oldugunu belirlemek, degilse de istenilen kaliteye ulastiriimasini saglama noktasinda kullanilan bir si-
rectir. Bu suirecte gereksinim dokiimaninda tanimlanmis islevsel ve islevsel-olmayan gereksinimlerin kar-
silanip karsilanmadiginin ve yaziimin istenildigi gibi calisip calismadiginin kontroll gerceklestirilir. Test
sUreci icin yaziim-gelistirme yasam dongustiniin en énemli adimlarindan biri oldugu soylenebilir. Top-
lam proje butgesinin dnemli bir kismini olusturmaktadir. Yazilim trtinlerindeki hatalardan dolayi isletme-
ler cok yliksek maliyetlere katlanmak zorunda kalabilmektedirler. Bu nedenle glinimiizde yazilim test si-
reclerinin iyilestirilmesi ve gelistirilmesi tizerine yapilan calismalar gittikce 6nem kazanmaya baglamistir.
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TMMi, test stireclerinin iyilestirilmesi amaciyla CMMI modeli referans alinarak Chicago lllinois Institute of Tech-
nology biinyesinde yer alan TMMi kurumu tarafindan gelistirilmistir. TMMi modelinin amaci; test stirecleri-
nin olgunlugunu belirlemek tizere bir cerceve olusturmaktir. TMIMi, yazilm sektorlinde yaygin olarak des-
teklenmis bir surec iyilestirme modeli olan CMMI (izerinde yapilan calismalarla ortaya cikmis bir modeldir.

CMMI, yazilim gelistirmede kullanilan kalite sistemlerini ve siireclerini degerlendirmek, yazimda kalite
sertifikasyonunu saglamak, surecleri iyilestirmek ve yetenek belirlemek amaciyla gelistirilen bir model-
dir (Chrissis, 2011). CMMI tek model olmakla birlikte, basamakli ve stirekli olmak tizere iki gosterim sekli
kullanmaktadir (Kalayci, 2007). Stirekli gdsterim (continuous) yetenek diizeylerini tanimlarken, basamakli
gosterim (staged representation) olgunluk diizeylerini tanimlar (Yucalar, 2006). CMMI stirekli gosterim,
bir organizasyonun her bir stire¢ alaninda surec iyilestirmede gosterdigi basari icin uygulanir. CMMI basa-
makli gosterim ise, organizasyonun ilgili basamaktaki tim sureglerinin olgunlugunun degerlendirilmesi
icin uygulanir (Yucalar, 2006). Her diizey icin tanimli siirec alanlari vardir.

TMMi basamakli bir model olarak gelistirilmistir. Basamakli model, bir yazilm organizasyonuna uygun
bir gelisme yolunu tanimlamak tizere 6nceden tanimlanmis siireg alanlari kiimesini kullanir. Bu gelisme
yolu, olgunluk diizeyi adi verilen bir model bileseniyle tanimlanmaktadir. Olgunluk diizeyi, gelismis orga-
nizasyonel siireclere ulasmak icin iyi tanimlanmis evrimsel bir seviyedir (van Veenendaal, 2018). TMMi'da
test stireclerinin olgunlugunu gosteren diizeyler vardir. Birinci dlizey disinda, her bir dlizey icin olgunluk
hedefleri tanimlanmistir. Bu tanimlama ile yazilim organizasyonunun test strecine iliskin hangi asamada
oldugu bilgisi elde edilmektedir. CMMI'da oldugu gibi TMMi'In her olgunluk diizeyinde, hedefler, alt he-
defler, anahtar siire¢ adimlar, aktiviteler, gdrev ve sorumluluklara iliskin gerekli bilgiler tanimlanmakta-
dir. TMMi modeli ile yazilim test suireclerini iyilestirmek isteyen yazilim organizasyonlari, ayni CMMI'da ol-
dugu gibi birinci olgunluk diizeyinden baslamak kaydiyla ilgili anahtar siire¢ adimlarini tamamlayarak
daha st olgunluk diizeyine ulasabilmektedir (Yildiz, 2018).

3.1. TMMi’nin Yapisi

TMMi, CMMI'a benzer bir yapiya sahiptir. CMMI'da oldugu gibi TMMi da hedefler ve bu hedeflere iliskin
alt uygulamalarin basarilmasiyla ulasilan olgunluk diizeylerini icerir. TMMi icin bir sireg, karmakarisik bir
baslangic durumundan, siirecin yonetildigi, kontrol edildigi ve optimize edildigi bir duruma dogru geli-
sir. TMMi modelinin yapisi Sekil 1'de goriilmektedir.

—b‘ Siirec Alan1—1
. Ozel Ozel
—
Hedefler Uygulamalar
Olgunluk Diizeyleri }f%‘ Siirec Alan1—2
Genel Genel
R —
Hedefler Uygulamalar

—*‘ Siirec Alan1—n

Sekil 1. TMMi Modelinin Yapisi
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TMMi'da her bir stirec alaninin yerine getirmesi gereken 6zel ve genel hedefler vardir. Her bir 6zel hedef,
ilgili stire¢ alanini yerine getirmek icin bulunmasi gereken tek bir 6zelligi gosterir. Bir 6zel hedef, hedefe
ulasmak icin hangi faaliyetlerin nemli oldugunu ve gergeklestirilebilecegini tanimlayan 6zel uygulama-
lara bolinmstur. Genel hedefler birden fazla siireg alaniyla ilgilidir. Genel hedefler, test stirecini kurum-
sallastirmak icin kullanilabilecek 6zellikleri tanimlar.

3.2. TMMi Olgunluk Diizeyleri

TMMi, test stireclerinin iyilestirilmesi icin basamakli bir mimariye sahiptir. TMMi, bir yazilim organizasyo-
nunun test streclerini iyilestirmesine yonelik baslangic (initial), yonetilen (managed), tanimli (defined),
Olclilen (measured) ve en iyilestirilen (optimization) olmak Uzere begs olgunluk diizeyini icerir. Her olgun-
luk diizeyi, bir yazilim organizasyonunun o diizeyde olgunlugda ulasabilmesi icin uygulamasi gereken bir
dizi stireg alanina sahiptir. Sekil 2’de TMMi olgunluk diizeyleri ve bu olgunluk diizeyleri icinde yer alan

stire¢ alanlar gorilmektedir.

(5) Eniyilestirilen Diizey

5.1 - Hata Onleme
5.2 - Kalite Kontrol
5.3 - Test Siireci Iyilegtirme

(4) Olgiilen Diizey

4.1 - Test Olgiimi
42 —Uriin Kalite Denetimi
43 - Gelismiy Es Gozden Gegirmeler

(3) Tanimh Diizey

3.1 — Test Organizasyonu

3.2 — Test Egitim Programi

3.3 — Test Yasam Dongiisii ve Entegrasvonu
3.4 —I5levsel Olmavan Test

3.5 — Eg Gozden Gegirmeler

(2) Yonetilen Diizey

2.1 — Test Politikas1 ve Stratejisi

22 — Test Plam

23 — Test Izleme ve Kontrol

2.4 — Test Tasanmi ve Gergeklestirme
2.5 — Test Ortamu

(1) Baslangic Diizeyi

Sekil 2. TMMi Olgunluk Duizeyleri ve Siire¢ Alanlar (van Veenendaal, 2018)

Bir diizeyi basarma, bir sonraki diizey icin temel olarak yeterli bir iyilestirmenin yapilmasini saglar. Yaz-
lim test sureclerini iyilestirmeyi hedefleyen yazilim organizasyonlari TMMi ile birinci diizeyden baslamak
kaydiyla ilgili her diizeye ait anahtar stire¢ adimlarini tamamlayarak bir Ust olgunluk diizeyine ulasabil-
mektedir (Basar, 2015). TMMi'nin i¢ yapisi, sistematik bir sekilde 6grenilebilen ve uygulanabilen test uy-
gulamalari bakimindan zengindir.
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3.2.1. Baslangig Diizeyi

TMMi'nin baslangi¢ diizeyinde olan bir yazilim firmasinda, test stireci tanimsiz ve karmakarnisiktir. Bu di-
zeyde olan firmalarda, test siireci genellikle hata ayiklamanin bir parcasi olarak gerceklestirilir. Yazilim fir-
masl icerisinde test slireclerini desteklemek tizere istikrarli bir ortam yoktur. Bu diizeydeki yazilim firma-
larinda basar kanitlanmis stireclerin kullanimina degil, firma biinyesinde calisan kisilerin yetkinligine ve
deneyimine baglidir. Testler, kodlama siireci tamamlandiktan sonra plansiz bir sekilde gerceklestirilir. Test
ve hata ayiklama siireci, sistem lizerindeki hatalar gidermek Gzere yaplilir.

Bu dilizeydeki yazilm firmalarinda yazilim Grlinleri geg gelistirili. Bunun yaninda proje biitcesi asilir ve
yazilim Urtind istenilen kalitede ortaya ¢ikmaz. Bu diizeyde testin amaci, bliyiik bir ariza olmaksizin yazi-
limin calistigini gostermektir. TMMinin bagslangi¢ diizeyi icin tanimlanmis stire¢ alanlari yoktur (van Ve-
enendaal, 2018).

3.2.2. Yonetilen Diizey

TMMi 2. dlizeyde, test siireci yonetilen bir strectir ve hata ayiklamadan acikca ayrilmistir. Yazilim firmasi
icerisindeki test stireclerini gelistirmek adina, test stratejileri belirlenmistir ve test planlari yapilmistir. Test
plani yapilirken, yazilim Griini risk degerlendirme sonucuna gore test yaklasimi belirlenir. Test planinda,
hangi testlerin gerekli oldugu, bu testlerin ne zaman, nasil ve kim tarafindan yapilacagi tanimlanir. Testle-
rin plana gore yapildigindan emin olmak icin testler izlenir ve kontrol edilir. Test planinda sapmalar mey-
dana gelirse birtakim eylemler gerceklestirilir.

Bu diizeyde yazilim Grlinlerinin ve test stireclerinin durumu Gst yonetime bilgi olarak sunulmaktadir. Belir-
tim dokiimanindan test senaryolarinin tiiretilmesi ve secilmesi icin test tasarim teknikleri uygulanir. TMMi
2. diizeyde bilesen, entegrasyon, sistem ve kabul testi olmak {izere test streci cok seviyelidir.

Tanimlanan her test diizeyi icin, kurum capinda veya program genelinde test stratejisinde tanimlanan
ozel test hedefleri vardir (van Veenendaal, 2018). Bu ozel test hedefleri;

— test ve hata ayiklama islemlerine ait hedeflerin tespit edilmesi,
— test planlama stirecinin onceliklendirilmesi,

— temel test teknik ve metotlarinin kurumsallastirimasidir.
TMMi'nin yonetilen diizey icin tanimlanmig strec alanlari;

— test politikasi ve stratejisi,

— test plani,

— test izleme ve kontrol,

— test tasarimi ve gerceklestirme,

— test ortamidir (van Veenendaal, 2018).
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3.2.3. Taniml Diizey

TMMi 3. diizeyde, test siireci artik kodlamayi takip eden bir asama ile sinirli degildir. Test stireci, yazim
gelistirme yasam-ddnguisi ve ilgili tim dénliim noktalarina tamamen entegre olmus durumdadir. Test
plani, yazilim gelistirme yasam-dongsiiniin en basindan itibaren yapilir ve asil test planinda dokiimante
edilir. Asil test planinin gelistirilmesi, TMMi 2. diizeyde elde edilen test planlama becerileri ve taahhutle-
rine dayanmaktadir.

TMMi 2. diizeyde test tasarimlar daha ¢ok islevsel testler ve test teknikleri Gizerinedir. Ancak TMMi 3. dU-
zeyde ise islevsel testler ve test tekniklerine ilave olarak islevsel-olmayan testler, giivenilirlik ve kullanila-
bilirlik gibi testler eklenir (van Veenendaal, 2018).

TMMIi 3. diizey icin de tanimlanan 6zel hedefler vardir. Bu 6zel hedefler;

— yazilm test grubunun olusturulmasi,
— teknik egitim programlarinin olusturulmasi,
— yazihm yasam dongusu icinde test islemlerinin birlestirilmesi,

— test slireclerinin kontrol edilmesi ve izlenmesidir.
TMMi'nin tanimli diizey icin tanimlanmis suireg alanlari;

— test organizasyonu,

— test egitim programi,

— test yasam dongusi ve entegrasyonu,
— islevsel-olmayan test,

— es gozden gecirmelerdir (van Veenendaal, 2018).

3.2.4. Olciilen Diizey

TMMi 2. ve 3. diizey hedeflerinin basariimasi, kapsamli test yapabilecek ve test siirecinin iyilestirilmesi
icin destek saglayabilecek teknik, ydnetimsel ve personel altyapisinin olusturulmasini saglar. Mevcut bu
altyapi ile daha fazla biiylime ve basari elde etmek icin test dlctlebilen bir stire¢ haline gelir. TMMi 4. dU-
zey olan yazilim firmalarinda testler tamamen tanimlanmis, saglam ve 6l¢lebilir bir stireg altyapisi tize-
rinde gerceklestirilir.

Bu diizeyde test faaliyetleri yazilim gelistirme yasam-dongiisiiniin biitiin asamalarinda ele alinir. Yazihm
firmasi tarafindan kurulus bazinda bir test 6l¢iim programi uygulanarak test streglerinin kalitesi 6l¢ulur.
Yazilim gelistirme yasam-ddnguisu icerisinde Urliniin kalitesini 6lcmek tizere kullanilan gdzden gegirme-
ler ve denetlemeler, test siirecinin parcasi olarak diistintilmektedir. TMMi 4. dlizey, statik testler ve dina-
mik testler arasinda koordineli bir test yaklagimi olusturulmasini saglar (van Veenendaal, 2018).
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TMMi 4. diizey icin de tanimlanan 6zel hedefler vardir. Bu 6zel hedefler;

— kurum capinda gézden gegirme programinin olusturulmasi,
— test 6lciim programinin olusturulmasi,

— yazilim kalite degerlendirmesidir.
TMMi'nin dl¢llen diizey icin tanimlanmis siireg alanlari;

— test 6lcimd,
— Urdin kalite denetimi,

— gelismis es gozden gecirmelerdir (van Veenendaal, 2018).

3.2.5. Eniyilestirilen Diizey

TMMi 1. dlizey ile 4. diizey arasindaki biitlin test iyilestirme hedeflerinin basariimasi, test icin tamamen
tanimlanmis ve 6lculebilen bir stireci desteklemeye yonelik organizasyonel bir altyapinin olusturulmasini
saglar. TMMi olgunluk diizeyi 5 olan bir kurulus, istatistiksel olarak kontrol edilen stireclerin nicel anlasil-
masi nedeniyle suireclerini stirekli olarak iyilestirme yetenedine sahiptir. Test stire¢ performansinin artti-
rlmasi, yenilikci stirecler ve teknolojik gelismeler ile saglanir.

Bu diizeyde, test suireci altyapisinin strekli iyilestirilmesini desteklemek ve test iyilegtirmelerini tanimlamak,
planlamak ve uygulamak icin 6zel egitim almig tiyelerden olusan bir Test Stire¢ Grubu bulunmaktadir. As-
linda Test Siirec Grubu, TMM.i 3. diizeyde olusturulmaktadir. Ust diizeylere ciktikca test iyilestirme siirecini
destekleyici faaliyetlere yonelik calismalarla bu grubun sorumluluklari artmaktadir (van Veenendaal, 2018).

TMMi 5. diizey icin de tanimlanan 6zel hedefler vardir. Bu 6zel hedefler;

— hata 6nleme islemlerine yonelik uygulamalar,
— istatiksel kalite kontroli,

— test slirecinin eniyilegtirilmesidir.
TMMi'nin eniyilestirilen diizey icin tanimlanmis siireg alanlari;

— hata onleme,
— kalite kontrol, ve

— test slirecini eniyilestirme'dir (van Veenendaal, 2018).

4. CMMI iLE TMMi’NiN KARSILASTIRILMASI

TMMi, CMMI'y1 tamamlayici olarak konumlandiriimis ve CMMI tarafindan basliklandirilan ayni yapiyi iz-
lemesine ragmen, iki model arasinda bazi 6nemli farkliliklar vardir. CMMI ile TMMi arasindaki farkliliklar
Tablo 1'de listelenmis halde gorilmektedir.
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CMMI TMMi
- Carnegie Mellon Universitesi tarafindan - Chicago lllinois Institute of Technology tarafindan
gelistirilmistir. gelistirilmistir.
« Uctan uca yazilim gelistirme yasam-déngusi « Test stircleri ve uygulamalari tizerine
uygulamalari Gzerine odaklanmaktadir. odaklanmaktadir.
« Test stirecleri ve test iyilestirme faaliyetleri Gizerine « Test disi iyilestirmeler izerine odaklanma sinirl
sinirl diizeyde odaklanmaktadir. diizeydedir.

« Suirekli ve basamakli olmak tizere iki gosterime L o
hibti « Sadece basamakli gésterime sahiptir.
sahiptir.

« CMMI-DEV, CMMI-SVC, CMMI-ACQ olmak izere ti¢

o - ilave bir TMMi cerceve yapisi yoktur.
cerceve yaplya sahiptir.

Tablo 1. CMMI ile TMMi'nin Karsilastiriimasi

5. SONUC VE ONERILER

Bu calismada, yazilim proje yonetimi icerisinde 6nemli bir safha olan yazilim testinin yonetimi ve test si-
reglerinin 6lctim icin TMMi modelinin kullanimi 6nerilmektedir. Modelin kullanimi ile yazilim kalitesini
gelistirme noktasinda test stireclerini iyilestirmek isteyen firmalarin TMIMi hakkinda bilgilendirilmesi amac-
lanmistir. Yazilim firmalan gelistirdikleri yazilim projelerindeki basari ylzdelerini arttirabilmeleri icin test
faaliyetlerine yeterince zaman ve biitce ayirmalidirlar. Bunun yaninda yazilim gelistirme grubu haricinde
bir bagimsiz bir test grubunun olusturulmasi yazilim kalitesinin arttirlmasinda pozitif katki saglayacak-
tir. Bu bagimsiz test grubu icerinde yer alacak test mihendislerinin; yaziim gelistirme strecleri hakkinda
deneyim sahibi olan, yazilim gelistirmeyi bilen, algoritmik diistinen, test planlamasini yapabilen, test se-
naryolarini yazabilen ve test araglarini kullanabilen kisilerden olusturulmasi gerekmektedir.

Yazilim gelistirme surecinin kalitesi, test stirecinde elde edilen sonuglara gore nicel olarak 6l¢tilebilir. Test
stirecinin iyilestirilmesi gelistirilen Grtintin kalitesini dogrudan arttiracaktir. Test siireclerinin iyilestirilmesi
noktasinda daha cok orta 6lcekli yazilim firmalari icin kullanilmasi tavsiye edilen TMMi modelinin nemi
ortaya cikmaktadir. TMM, test stireclerinin iyilestirilmesi icin detaylandinlmis bir modeldir. Yazilim firma-
lar, test stireclerini iyilestirmek ve etkinligini artirmak icin en az TMMi 3. olgunluk diizeyini hedeflemeli-
dirler. Yazihm firmalarn kendi test siirecleri ile ilgili olarak hangi alanlarin iyilestirilmesi gerektigine ve he-
deflenen olgunluk diizeyine ulasmak icin nasil harekete ge¢cmesi gerektigine iyi karar vermelidir. TMMi
modelinin kullanimi, kurum buinyesindeki test suireclerinin yazilim gelistirme stirecleri ile tamamen bir bi-
tln haline gelmesini saglayacaktir. Bu sayede, yazilim icerisindeki hatalar ortaya ctkmadan biiyiik oranda
hata 6nleme faaliyetleri ile engellenmis olacaktir.
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Abstract

The successful design and operation of any power system is highly dependent on the economic load dis-
patch problem, therefore it can be considered as a major factor for any power system. Economic load dis-
patch (ELD) problem is the short-term determination of the best combination of generation while satisfying
the demanded load with minimum cost under the system constrains. Generally, the cost function presented
as quadratic function and solved by using different methods. For the past ten years, in order to solve (ELD)
problems and to get the best possible results, many new methods have been developed such as meta-heu-
ristic algorithms which are classified into two major classes (swarm intelligence and evolutionary) techniques.
In this paper, two (swarm intelligence) optimization techniques are used, namely salp swarm algorithm (SSA)
and grasshopper optimization algorithm (GOA) which are relatively new techniques. The (ELD) analytical
method, simplified version of the analytical method and optimization techniques (SSA, GOA) applied to a
microgrid considering the renewable energy sources (solar and wind) for different generation combination
scenarios. At last, a comparison presented between the used methods in order to show the best result possi-
ble between them, in addition the result will show the effect of the renewable energy on the total generation
cost. The proposed methods (analytical method, the simplified version of the analytical method and the salp
swarm algorithm (SSA)) the same results for total average cost approximately (7292.64 $/h) but the execution
time was better with the simplified version of the analytical method with time of (0.373 seconds), while the
grasshopper optimization algorithm (GOA) showed a higher total cost average approximately (7292.94 $/h).

Keywords: ELD. Algorithms, Optimization, SSA, GOA, Microgrid, Renewable Energy.
Address of Correspondence: AlImuatasim M. Alfarras- muatasimmouaed@gmail.com
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COKLU YONTEMLERLE YENILENEBILIR ENERJININ EKONOMIK DAGITIM PROBLEMI

Ozet

Herhangi bir gli¢ sisteminin basarili bir sekilde tasarlanmasi ve calistirimasi, biiyiik 6lctide ekonomik yiik
tevzi(dagitim) problemine baglidir, bu nedenle herhangi bir gtic sistemi icin dnemli bir faktor olarak diistinG-
lebilir. Ekonomik ylik tevzi(ELD) problemi, sistem sinirlamasi altinda istenen yiikii en diisiik maliyetle karsilar-
ken, en iyi nesil/jenerasyon diizeninin kisa sureli olarak belirlenmesidir. Genel olarak, ikinci derece fonksiyon
olarak belirtilen maliyet fonksiyonu, farkli ydntemler kullanilarak ¢ézilmustiir. Gectigimiz on yil boyunca, eko-
nomik yuik tevzi sorunlarini cozmek ve en iyi sonuglari elde etmek icin, iki ana kategoriye ayrilan (stiri zekasi
ve evrimsel) Ust-sezgisel algoritmalar teknikleri gibi bircok yeni ydntem gelistirilmistir. Bu calismada, yeni tek-
nikler olan planktonik tunikap (salp) stirti algoritmasi (SSA) ve ¢ekirge optimizasyon algoritmasi (GOA) olmak
tizere iki (suirli zekasi) optimizasyon teknikleri kullaniimistir. Ekonomik Yiik Tevzi (ELD) analitik yontemi, farkli
nesil kombinasyon/diizen senaryolari icin yenilenebilir enerji kaynaklarini (giines ve riizgar) g6z éniinde bu-
lundurarak bir mikro sebekeye uygulanan analitik ydntem ve optimizasyon tekniklerinin (SSA, GOA) basitles-
tirilmis versiyonudur. Sonug olarak, aralarindaki miimkiin olan en iyi sonucu gostermek icin kullanilan yon-
temler arasinda sunulan bir karsilastirma, sonuca ek olarak, yenilenebilir enerjinin toplam Gretim maliyetine
etkisini de gdsterecektir. Onerilen yéntemler (analitik ydntem, analitik yéntemin sadelestirilmis versiyonu
ve salp slrisi algoritmasi (SSA)) yaklasik olarak ortalama toplam maliyet icin ayni sonuclari (7292.64
$/h) ancak uygulama stiresi analitik sadelestirilmis versiyonuyla daha iyi (0.373) ‘e dayanan yontem, cekirge
optimizasyon algoritmasi (GOA) yaklasik olarak (7292.94 $ /h) daha yiksek bir toplam maliyet gdstermistir.

Anahtar Kelimeler: Algoritmalar, Cekirge optimizasyon algoritmasi, Ekonomik yiik tevzi, Mikro sebeke, Op-
timizasyon, Planktonik Tunikap (Salp) stirii algoritmasi, Yenilenebilir enerji.

1. INTRODUCTION

Meeting the variation of the demanded power in electrical power systems is the reason that by those sys-
tems designed, and it is important to minimize the operation cost of the generation units, therefore eco-
nomic load dispatch (ELD) and many other optimization methods are used to minimize operation cost.
Economic load dispatch determines the generation units output to fulfill the required load with as low
cost as possible while the system constraints are satisfied (Kaur and Bhaullar, 2011).This paper will imple-
ment an analytical method and a simplified version for the economic dispatch problem.

Mathematical optimization is mainly dependent on gradient-based information of the related functions
for the sake of finding the best solution, which in our case minimizing the generation costs of a micro-
grid. Even though different researchers are still using such techniques, some drawbacks are still associ-
ated with them. Methods of mathematical optimization have the problem of local optima entrapment.
Which indicates that an algorithm assumes that a local solution is the global one, thereby failing to get
the global optimum. They are as well typically ineffective for issues of unknown or computationally ex-
pensive derivation, (Mirjalili, M.Mirjalili and Lewis, 2014).

For the past years, studies have been focusing on solving the (ELD) issue, including various types of con-
straints or numerous objectives and applying many mathematical optimization techniques to solve (ELD)
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problem, (Wood and Wollenberg, 1996) some of these techniques are the meta-heuristic algorithms.
Meta-heuristic algorithms approaches became quite popular over the last decade; the reasons for these
techniques’ popularity are flexibility, gradient-free mechanism, and avoiding the local optima. Flexibility
and gradient-free mechanism are advantages that originated from the fact that meta-heuristics consider
and solve the problem of optimization by only taking into count the inputs and outputs, therefore, there
is not any need for derivative of the search space, which will allow (nature inspired) meta-heuristic algo-
rithms to solve a wide range of tasks. Those algorithms are categorized into two fundamental classes,
which are evolutionary and swarm intelligence (Mirjalili and colleagues, 2017).

This study will use swarm intelligence specifically:

1. Salp swarm algorithm (SSA): this algorithm inspired by the behavior of the salps in seas. One of the
most significant behaviors of salps is their swarming behavior. Deep in the oceans, they usually form
swarms, which referred to as salp chains. The fundamental cause of the salps behavior is not entirely
understood yet, but some scientists have a theory that this is done to achieve better locomotion with
the use of rapid coordinated changes and foraging Mirjalili and colleagues, 2017).

2. Grasshopper optimization algorithm (GOA): The presented method mathematically structures and
mimics the behavior of swarms of grasshopper in nature to solve optimization tasks. Previous studies
results have indicated that the presented algorithm can provide better results in comparison with the
well-known and modern algorithms. The real applications prove the features of GOA as well in solv-
ing real issues with unknown search spaces (Mirjalili, Saremi and Lewis, 2017).

The previously mentioned methods applied for the minimization of generation cost of a microgrid in-
cluding renewable energy sources (solar and wind) generation.

A microgrid is a group of electrical sources and loads operates as a single unit, which provides electrical
power locally, and this will improve the reliability and the security of the system (Augustine, et al. 2012).
Individual distributed generators applications could result in as many issues as it can solve. A more suit-
able way of realizing the growing potentials of distributed generation is taking a system approach that
considers associated and generation loads as a sub- system or a“microgrid”. At times of disturbances, the
corresponding and generation loads could separate from the distribution system for isolating the load of
the micro-grid from the disturbance (which provides UPS services) with no harm to the integrity of the
transmission grid. This ability to island generation and loads together could ensure a better local relia-
bility than the one that provided by the power system as one unit (Lasseter and Paigi, 2004). This study
proposes a micro- grid, which includes two traditional generators, CHP (combined heat and power) gen-
erator, solar generator and wind generator. Moreover, it set to an isolated mode that means the microg-
rid isolated from the main power system (Augustine, et al., 2012).

Renewable sources of energy, which include biomass, geothermal, wind, ocean, and solar energy, in ad-
dition to the hydropower have considerable possibilities for providing the world with energy services.
The resource base of renewable energy is adequate for meeting numerous times the current world de-
mand for energy and possibly even (10 - 100) times this demand (Turkenburg et al., 2012) Therefore so-
lar and wind generation are included in this study.
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This study will discuss the minimum cost function among the mentioned methods and applied to dif-
ferent generation combination scenarios. In addition, discuss the results and the effect of the renewa-
ble energy on the cost for each scenario.

1.1 Litrature Review

For the past decade economic load dispatch (ELD) has become in focus for many studies here are re-
views of some previous work:

Noel Augustine, et al (Augustine, et al., 2012) presented an overview to solve the issue of economic dis-
patch in a micro-grid, which consists of renewable energy. The research utilized the approach of re-
duced gradient for solving the issue of economic dispatch. From the study of the system, a conclusion
was drawn that incorporating solar energy with renewable energy credits in addition to the wind energy
into the micro-grid will eliminate the overall system’s generation costs. With that been said the nature
inspired algorithms can be beneficial to the objective of minimizing the generation cost as (Neve et al,,
2017) presented an algorithm of grasshopper optimization for validating the GOA results with the use of
test functions of optimization. Each of the constrained and unconstrained test functions of optimization
utilized for the validation of the results that obtained from (GOA) algorithm. A mathematical model has
been studied, based on the swarming behavior of grasshoppers in nature. A mathematical model mim-
ics the attractive and repulsive forces between grasshoppers. GOA includes a coefficient adaptively de-
creasing the comfort zone, which utilized to balance of exploitation and exploration. Finally, the optimal
solution, which given by swarm, is considered the optimal solution of the issue of optimization. And (Mir-
jalili et al,, 2017) suggests new algorithms for optimization, referred to as Multi- objective Salp Swarm Al-
gorithm (MSSA) and Salp Swarm Algorithm (SSA), to solve tasks of optimization with single and multiple
objectives. Those algorithms tested on a number of mathematical optimization functions for observing
and confirming their effective behaviors in the detection of the best solutions for problems of optimiza-
tion. The salps swarming behavior (i.e. the salp chain) has been the most important inspiration for this
study. Two mathematical models suggested for updating the positions of leading and following salps.
The simulation of swarm in two-dimensional and three-dimensional space indicated that the suggested
models are capable of searching around each of the static and moving sources of food. After the simu-
lation of swarm, the (SSA and MSSA) algorithms designed. In SSA algorithms, the optimal solutions that
obtained until that point are be the leading source of food that pursued by the salp chain. An adaptive
approach integrated to SSA for balancing exploring and exploiting. For the algorithm of MSSA, a repos-
itory designed and utilized for storing non-dominated solutions that obtained to that point. The Solu-
tions eliminated from areas of population in a full repository case and the food source selected. Based on
the simulations, analyses, results, finding, conclusions, and discussions, the work has stated that the algo-
rithms of SSA and MSSA have traits amongst the existing algorithms of optimization and worth apply-
ing to a variety of issues. In addition to the optimization and economic load dispatch techniques, there
is an additional consideration that can improve the solution as (Meigin et al., 2010) presented a model
of multi-objective economic dispatch, which considers generation, environmental impact, and reliabil-
ity. The suggested model can coordinate the cost of production, the cost of consumer outage, and envi-
ronmental cost coordinated comprehensively with the use of fuzzy multi objective optimizing approach
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and particle swarm algorithm. With the concept of ensuring the safety and reliability of microgrid oper-
ation, multi- objective structure can accomplish energy-conservation scheduling reach more reliability
and environmental advantages at the minimum cost.

(Ramanathan, 1985) Presented a considerably efficient, fast, simple, and reliable economical dispatch al-
gorithm. It utilized a closed form expression to calculate Lambda, in addition to dealing with loss changes
of total transmission because of the generation change, this way evading any iterative procedures in the
computations. The closed form expression that presented for Lambda can be manipulated with all types
of incremental transmission loss calculation. For this method, penalty factors derived according to New-
ton's approach.

(Anderson and Bone, 1980) Describes physiology of communication along the salp chain also how the
salp passes the signal from one to another for the swimming coordination purposes observed in several
cases like swimming toward food source or swimming to avoid obstacle , in addition to overview of the
salp as a creature and salp chains.

(Al Farsi et al., 2015) presented an overview of the problem of economic dispatch, its formulation, and
compared addressing the issue between the vertically integrated market and the liberalized market en-
vironments. The benefits of the vertically integrated power system are its simplicity and accuracy. In ad-
dition, this work states that the drawback of the vertically integrated power system is the incentives for
innovation, in general considered weak, except for the case where governments in particular involved in
supporting researches and development section in fields of dispatching the power efficiently and eco-
nomically. However, the liberalized market environment deals with the drawbacks of the vertically inte-
grated model according to low level of efficiency, lack of innovation and, in some cases, extremely high
costs. Energy provider has to compete for providing power efficiently.

(Chen et al.,, 2013) presented a model of energy management utilized for the determination of best op-
erating strategies with maximal benefit for micro-grid systems in Taiwan. The smart micro-grid system is
suitable for energy storage devices, systems of wind power generation, and photovoltaic power. Invest-
ment sensitivity analyses in storage capacity and growth in energy demands conducted for the smart mi-
crogrid structure. The findings have shown that suitable capacity of battery must be determined based
on each of power supply and battery efficiency.

(Natesan et al., 2014) Presents a Comprehensive survey on microgrids in each of grid tied and isolated
mode for the sake of improving the power quality parameters. All approaches expressed in this sur-
vey concentrate on the various problems related to power quality, because of the increased utilization
of non-linear loads and power electronic interfaced distributed generation systems. This is why various
power quality improvement methods such as optimization approach, facts devices, filters, controllers,
compensators, and battery storage successfully overviewed in this research.

2. METHODOLOGY

The purpose of the study is to determine the best operating cost possible for a microgrid considering
renewable energy. In this research, the designed model for the economic dispatch and optimization
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problem will be presented. In addition to the design, the process of implementing different ELD and op-
timization methods to the design will be discussed.

2.1 The System

The designed model is a microgrid consists of two conventional generator, combined heat and power
(CHP) generator, solar generation and wind generation. The microgrid is set on isolated mode, which
means it operates independently from the main power station (Ahn and Moon, 2009). The economic
load dispatch, the salp swarm algorithm (SSA) and the grasshopper optimization algorithm (GOA) is pro-
gramed and implemented using matlab R2017b runs on DELL laptop with i5 intel 1.8GHZ processor and
4 GB ram. In addition, the data set for the conventional generators and the (CHP) used from (Augustine
et al,, 2012). The data set consists of the demanded load for 24 hours, the cost function coefficients and
the output power for the renewable energy as shown in the tables below.

Time (hours) Load (MW) Time (hours) Load (MW)
1 140 13 240
2 150 14 220
3 155 15 200
4 160 16 180
5 165 17 170
6 170 18 185
7 175 19 200
8 180 20 240
9 210 21 225
10 230 22 190
11 240 23 160
12 250 24 145

Table 1. The Demanded Load for 24 Hours

Time Solar generation Time Solar generation

(hours) (MW) (hours) (MW)
1 0.00 13 31.94
2 0.00 14 26.81
3 0.00 15 10.08
4 0.00 16 5.30
5 0.00 17 9.57
6 0.03 18 2.31
7 6.72 19 0.00
8 16.98 20 0.00
9 24.05 21 0.00
10 39.37 22 0.00
11 7.41 23 0.00
12 3.65 24 0.00

Table 2. The Solar Generation for 24 Hours
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Time Wind generation Time Wind generation
(hours) (MW) (hours) (MW)

1 1.70 13 14.35

2 8.50 14 10.35

3 9.27 15 8.26

4 16.66 16 13.71

5 7.22 17 344

6 491 18 1.87

7 14.66 19 0.75

8 26.56 20 0.17

9 20.88 21 0.15

10 17.85 22 0.31

11 12.80 23 1.07

12 18.65 24 0.58

Table 3. The Wind Generation for 24
CHP Generator 1 Generator 2

y ($/h) 0.024 0.029 0.021
B ($/h) 21 20.16 204
a ($/h) 1530 992 600

Table 4. Cost Function Coefficients
The operating conditions considered ideal, which means the losses and additional reserves are neglected.

The ELD problem and the optimization algorithms applied to the microgrid in four scenarios of gener-
ation combination:

1. The two conventional generators and the (CHP) generator.
2. The three generators with the solar and wind generation.
3.The three generators with wind generation.

4. The three generators with solar generation.

2.1.1 Renewable Energy Implementation

In this study, renewable energy is included in the described system above. The renewable energy consists
of solar energy and wind energy generation, and since the renewable energy in general considered very
variable in the nature so it cannot be considered as dispatchable, therefore it will be considered as a neg-
ative load as in Equation (1), and it will be implemented whenever its available (Augustine et al., 2012).

Pdemand new — Pdemand old — (Psolar + Pwind ) (1)
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With that been said the load demand for the scenarios that the renewable energy is included, will be up-
dated from the Equation above, this procedure will be applied for all the used methods.

The cost function for the renewable energy is calculated differently from the conventional generators
and the renewable energy will be added to the total cost of the conventional generators according to
the case scenario, in order to calculate the cost of the solar energy, the following Equation is applied (Ra-
jput et al,, 2017):

F(Psoiar) = alPPs + GEPs 2)
T
S | = e o | (2a)

Where F (P,
rate which is equals 0.09, N is the investment lifetime and equals 20 years, I is the investment cost and
it equals 5000 $/kw and G¥ is the operation and maintenance cost and equal to 1.6 cent/kw.

) is the cost of the solar generation, while a is the annuitization coefficient, r is the interest

lar

The cost function of the wind is calculated using the following Equation (Augustine et al., 2012):

F(Puwina) = alPP., + GEP,, (3)

Where F(P, )is the cost of the wind generation, while a is the annuitization coefficient, r is the interest
rate which is equals 0.09, N is the investment lifetime and equals 20 years, I is the investment cost and
it equals 1400 $/kw and G£ is the operation and maintenance cost and equal to 1.6 cent/kw. It should
be mentioned that the annuitization for the wind is the same Equation for the solar. Furthermore since
the output power in calculated in (MW), the cost function that been used is converted from kW to MW
and calculated per hour.

2.1.2 Implementing Economic Load Dispatch

For the proposed microgrid economic load dispatch (for the conventional and (CHP) generators) is ap-
plied using analytical method which using the following steps to calculate the cost of generation:

Step 1: evaluating the value of lambda (\) which represented in Equation (4) and stated as (H. saadat, 1999):

P
P + 3
D i=1 Dy
it "
zngil
i=1 2y,

Step 2: calculating the value of the required output power for each generator by applying Equation

(5) which represented as (H. saadat, 1999):
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A= P
P = 2y (%)

Step 3: check the sum of the output power of the generators, the total sum of the generators output
power should be equal to the demanded power as stated in Equation (6) (H. saadat, 1999):

ng

zPi=PD (6)

i=1

Step 4: after finding the output power of each generator, now the value of the cost of operation for each
generator can be calculated using the quadric cost function shown in Equation (7) which presented as
(H. saadat, 1999):

Step 5: calculating the total cost of generation, which it is the sum of the costs of the used generators
and it presented as in Equation (8) which is (H. saadat, 1999):

C5"C, (8)

It should be mentioned that the cost of the renewable energy calculated separately as mentioned above
and added to the total cost of the conventional generators.
2.1.3 Simplified Version of the Analytical Method

In this subsection, a simplified version of the analytical approach that has been represented above will
be introduced. The simplified version combines the following two Equations (H. saadat, 1999):

1= B +2yP )
And
P,
P+ 3n
D i=1
A= (10)
ng 1
i=1 2y,

Achieved by substituting Equation (9) into (10), the following Equation will be obtained
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ng,Bi_ ngl .

oo PRI T Ry

= 1 (11)
2 ng—==
d Z 2y,

By applying this Equation, the output power of the generators may be computed without finding the
value of lambda (A) because it will be implemented within the Equation.

After calculating the values of P, the cost of generation can be calculated normally as described in the
analytical method

2.1.4 Salp Swarm Algorithm Implementation

This algorithm might be one of the major newly suggested methods; salps’ swarming behavior is con-
sidered the main idea of this algorithm

Salp swarm algorithm is similar to other swarm-inspired algorithms, the location of the salps needs to
be determined, so its defined by an n-dimensional search space in which n is the number of variables
of a certain task, this is why, the location of all of the salps are kept in a 2-D matrix named as x. The food
source are denoted as F in the search space as the target of the swarms (Mirjalili et al., 2017).

In order to solve the required optimization problem the following Equations are essentials. The follow-
ing formula used to update the leader’s location:

. F + c ((ub = Ib)c2 + ) c=0
xt=A (12)
E = ((ub = b)c2 + 1) c<0

Where x' presents the location of the first salp (i.e. the leader) in the jth dimension, Fis the location of
the food source in the jth dimension, ub]. denotes the upper bound of jth dimension, lb]. denotes the
lower bound of jth dimension, €1 C,y, and c, are random numbers.

The coefficient c, is the most significant of the parameters in SSA due to the fact that it balances the ex-
ploration, which is defined as follows (Mirjalili et al., 2017).:

T

412
o= 2e~T) (13)

Where | represents the current iteration and L denotes the maximum number of iterations. While the pa-
rameters c, and c,are random numbers produced in a uniform manner in the intervals [0, 1]. Theses pa-
rameters dictates if the following position in the jth dimension must be toward positive infinity or neg-
ative infinity
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Since the time in optimization is iteration, the discrepancy between iteration equals 1, v, = 0 therefore
the formula will be presented as follows (Mirjalili et al., 2017):

L
i = RS |
=50+ (14)

Where i > 2 and x' shows the position of i-th follower salp in the j-th dimension.

The ultimate goal of SSA is determining the global optima. On the other hand, the issue is that the global
optima of optimization issues is not known, therefore the SSA algorithm begins the approximation of
the global optima via the initiation of a number of salps arbitrarily located. After that, it performs a cal-
culation of the fitness of each of the salps, detects the salp that has the optimal fitness, and assigns its
location to the variable F as the source food that should to be chased by the group of salps. Meanwhile
the coefficient c, will be updated with the use of Equation (13). For every one of the dimensions, the lo-
cation of the leading salp will be updated using Equation (12) and the location of follower salps will be
updated using Equation (14) (Mirjalili et al., 2017).

The following steps describe the process of implementation of salp swarm algorithm.

Algorithm : Salp Swarm

1: Procedure

Input: Load, SolarLoad, WindLoad

Output: TotalConvCost, P, SolarCost, WindCost

2: Initializes the position of agents in the search space randomly then

[T 2]

put the result in array “x” :
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position = SSAinitialization(SearchAgents_no,dim,ub,lb,sumofx)
If Boundary no==
Positions=rand(Search Agents no, dim).*(ub-Ib)+Ib;
End
If Boundary no>1
For i=1:SearchAgents no
n = sumofx;
m= 1:n;
¢ = convert sum of x to integer
If (¢ > m(size(m)))
c=c-1
End
a=m *sort(rand)
b = diff
b = sumofx-sum(b)

Positions =b

End
End
3: Implement Slap Swarm as following:
At first make population and find the negative energy then extract
this energy by the Equation below:
Load = Load - (SolarLoad + WindLoad)
4: find the summation of points p1, p2, p3 as follow:

Sum of x = Load;

5: calculate the total cost of (wind + solar) by using the Equations:
SolarCost =a * Ip * Ps + GE * Ps
WindCost = a * Ip * Pw + GE * Pw
Where a=r/(1-(1+4)"(-N));
Ip = 5000 * 1000;
Ps = SolarLoad;
Pw = WindLoad;
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GE =((1.6) / 100) * 1000;
6: determine fitness function, which is the cost function.
7: find the optimization solution as follow:
o Initialize the first population of salps where the number of search agents
equals 30 and the maximum number of iterations are 1000
o Initialize the positions of Salps
o Calculate the fitness of initial Salps
o Start from the second iteration by starting the main loop, which starts
from the second iteration. The Equation (13) implemented to balance the
exploration and exploitation of salps, while Equation (12) implemented to
update the position of the leader salp. The Equation (14) updates the

position of the following salps.

8: End Procedure

2.1.5 Grass Hopper Optimization Algorithm (GOA) Implementation -
97
The algorithm of GOA simulates the grasshoppers’swarming behavior in nature (Mirjalili et al., 2018). The

algorithms that are nature-inspired logically split the process of searching to two operations, which are:

exploration and exploitation. In the former, the search agents are encouraged to move abruptly, whereas
they usually move locally in the process of exploitation. Grasshoppers perform those two tasks, in addi-
tion to naturally seeking target. Therefore, if a way can be found to mathematically model this behavior,
new nature-inspired algorithm can be designed (Mirjalili Saremi and Lewis, 2017), In order to solve the
presented task, the following Equations are important to the solution:

Ngs
ub — b X;— X; —

Xd=a(2a XS(IXd—XdI)X / l)XT (15)
i 2 f i d. d

j=1 Y
Where a represents the reduction coefficient, which is utilized to reduce the size of the comfort, repul-
sion and attraction zones, ub and Ib are the upper and lower limits, Td is the main goal (i.e. the optimal
solution) and yi is the location of the grasshopper. In the Equation above, the submission term denotes
the grasshopper’s location and it applies the phenomenon of interaction of grasshoppers in nature. The

term (Rajput et al., 2017).
Td denotes the tendency of moving towards food sources

For the grasshopper optimization, the following Equation used to gradually reduce the search space.
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Umax = YUmin

A = Amax — | I (16)

Where [ is the current iteration, L is the maximum number of iterations.

The following steps describe the process of implementation of grasshopper optimization algorithm.

Algorithm : Grass Hoper

1: Procedure
Input: Load, SolarLoad, WindLoad
Output: TotalConvCost, P, SolarCost, WindCost
2: Initializes the position of agents in the search space randomly then

put the result in array “x” :

X= initialization(N, dim, up, down, sumofx)

If (size up ==1) then
X=rand (N, dim).*(up-down)+down;
Else if size(up >1) then

For i=1 ton

n = sumofx
m=1ton
¢ = convert sum of x to integer
s = size(m)
Next
If (c > m(s))
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c=c-1;
End if
Else

a=m * sort (rand)

b = sum of x -sum(b)

X=b

Return (rand)
Implement Grass Hoper as following:
At first make population and find the negative energy then extract
this energy by the Equation below:

Load = Load - (SolarLoad + WindLoad)

find the summation of points p1, p2, p3 as follow:

Sum of x = Load;

X

calculate the total cost of (wind + solar) by using the Equations:
SolarCost =a * Ip * Ps + GE * Ps
WindCost = a * Iw * Pw + GE * Pw
Where a=r/(1-(1+4)"(-N));
Ip = 5000 * 1000;
lw = 1400*1000;
Ps = SolarLoad;
Pw = WindLoad;
GE =((1.6) / 100) * 1000;

determine fitness function and set the 30 search agents with 1000 iteration

find the optimization solution as follow:

o Initialize population of the grasshopper in the search space randomly

o Calculate the fitness of initial grasshoppers

o Find the best grasshopper (target) in the first population

o Starting the main loop for iterations, which apply Equation (16), in the
same loop the new position of the grasshopper is calculated by Equation

(15).
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o Relocate grasshoppers that go outside the search space
o Calculating the objective values for all grasshoppers
o Update the target

8: End Procedure

3. Results

The results of the optimization and the economic dispatch problem will be presented. the following Fig-
ures shows the operation time for each method, analytical and the simplified version of the analytical
method The Figure 1-2 shows that the operation time for the analytical method is

0.474 sec and simplified version method is 0.373 seconds.

File Edit Debug Window Help -
D S M

Start Profiling Run this code: | v @ Profile time: 15}
Profile Summary
Generated 18-Dec-2018 09:43.17 using performance time.

Eunction Name = Calls ' Total Time Self Tima® Total Time Plot
(dark band = self time)

analytic 1 0474 s 0474s EE—

W] selftime is the time spent in a function sxcluding the time spent in its child functions. Self time also includes overhead resulting
W from the process of profiling

Figure 1. The Operation Time of the Analytical Method

File Edit Debug Window Help »
fa B BN )
Start Profiling  Run this code: v @ Profile time: 0

Profile Summary
Generated 18-Dec-2018 09.47:11 using pedormance time.

Eunction Name Calls Total Time Self Time® Total Time Plot
(dark band = self time)

simplifisd 1 0373s 03735  EE—

Self time is the time spent in a function excluding the time spent in its child functions. Self time also includes overhead resulting
from the process of profiing

Figure 2. The Operation Time of the Simplified Version
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Cost Results will be presented as comparison among the used methods, which are the analytical method,
simplified version of the analytical method, salp swarm algorithm (SSA) and grasshopper optimization
algorithm (GOA). In addition, the last column of each table will present the minimum cost of each hour.
It should be mentioned that since the simplified version better time than the analytical method and it
produce the same magnitudes of values it will be considered the best in this comparison regarding the
analytical and the simplified version of economic dispatch.in addition the simplified version is preferred
as (sim) in the comparison results.

The following Figure shows the graphs of the relation between the cost of generation in (MW) and the
time, which is 24 hours for (GOA):

a first scenario b: second scenario
9000, T T T 9000, T T
= 8000 = 8000
E E
Q 7000 O 7000
6000 6000
0 3 10, 3 20 2% 0 3 1 1§ 20 2%
Tune (hwours) Tune {hours)
c: third scenario d: fourth scenario
9000, T T 9000 T
2 8000 = 8000
% kS
3 7000 O 7000
6000 6000
0 F 10, 15 2 % 0 5 In 1§ 20 %
Tane (haurs) T {haurs)

While the following Figure shows the graphs of the relation between the cost of generation in (MW) and

Figure 3. Results of the (GOA) Algorithm.

the time, which is 24 hours for (SSA):
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Figure 4. Results of (SSA) Algorithm.
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H Simplified & | Total cost ($/h) | Total cost ($/h) The best (SSA) Best result

our analytical ($/h) (SSA) (GOA) cost method vs (GOA) combination
1 6151.596 6151.596 6152.457 Sim/SSA SSA 6151.596
2 6380.378 6380.378 6380.386 Sim/SSA SSA 6380.378
3 6495.375 6495.375 6495418 Sim/SSA SSA 6495.375
4 6610.776 6610.776 6611.107 Sim/SSA SSA 6610.776
5 6726.581 6726.581 6727.216 Sim/SSA SSA 6726.581
6 6842.79 6842.79 6843.322 Sim/SSA SSA 6842.79
7 6959.403 6959.403 6959.424 Sim/SSA SSA 6959.403
8 707642 7076.42 7076.442 Sim/SSA SSA 7076.42
9 7787.005 7787.005 7787.346 Sim/SSA SSA 7787.005
10 8268.808 8268.808 8268.843 Sim/SSA SSA 8268.808
11 8512.133 8512.133 8512.21 Sim/SSA SSA 8512.133
12 8757.075 8757.075 8757.285 Sim/SSA SSA 8757.075
13 8512.133 8512.133 8512.216 Sim/SSA SSA 8512.133
14 8027.099 8027.099 8027.177 Sim/SSA SSA 8027.099
15 7548.527 7548.527 7548.731 Sim/SSA SSA 7548.527
16 707642 7076.42 7076.438 Sim/SSA SSA 7076.42
17 6842.79 6842.79 6842.976 Sim/SSA SSA 6842.79
18 7193.841 7193.841 7193.906 Sim/SSA SSA 7193.841
19 7548.527 7548.527 7549.437 Sim/SSA SSA 7548.527
20 8512.133 8512.133 8512.277 Sim/SSA SSA 8512.133
21 8147.751 8147.751 8148.428 Sim/SSA SSA 8147.751
22 7311.666 7311.666 7312.105 Sim/SSA SSA 7311.666
23 6610.776 6610.776 6611.382 Sim/SSA SSA 6610.776
24 6265.785 6265.785 6266.076 Sim/SSA SSA 6265.785

Total cost 7340241211 | 7340.241211 7340.52523 7340.241211

average
Table 5. Cost Comparison for First Scenario
Simplified & | Total cost ($/h) | Total cost ($/h) | The best cost (SSA) Best result
Hours analytical (SSA) (GOA) method vs (GOA) combination
($/h)

1 6141.552 6141.552 6141.644 Sim/SSA SSA 6141.552
2 6329.251 6329.251 6329.343 Sim/SSA SSA 6329.251
3 6438.925 6438.925 6438.929 Sim/SSA SSA 6438.925
4 6508.973 6508.973 6509.104 Sim/SSA SSA 6508.973
5 6681.328 6681.328 6681.329 Sim/SSA SSA 6681.328
6 6811.405 6811.405 6811.653 Sim/SSA SSA 6811.405
7 6841.27 6841.27 6841.81 Sim/SSA SSA 6841.27
8 6843.969 6843.969 6844.354 Sim/SSA SSA 6843.969
9 7540.551 7540.551 7540.631 Sim/SSA SSA 7540.551
10 7961.806 7961.806 7962.277 Sim/SSA SSA 7961.806
11 8379.771 8379.771 8380.11 Sim/SSA SSA 8379.771
12 8597.608 8597.608 8597.651 Sim/SSA SSA 8597.608
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13 8252.409 8252.409 8252.487 Sim/SSA SSA 8252.409
14 7830.502 7830.502 7830.548 Sim/SSA SSA 7830.502
15 7447.543 7447.543 7447.588 Sim/SSA SSA 7447.543
16 6966.404 6966.404 6967.094 Sim/SSA SSA 6966.404
17 6782.347 6782.347 6782.473 Sim/SSA SSA 6782.347
18 7171.388 7171.388 7172.215 Sim/SSA SSA 7171.388
19 7543.363 7543.363 7544.066 Sim/SSA SSA 7543.363
20 8510.852 8510.852 8511.349 Sim/SSA SSA 8510.852
21 8146.657 8146.657 8146.817 Sim/SSA SSA 8146.657
22 7309.58 7309.58 7309.67 Sim/SSA SSA 7309.58
23 6604.103 6604.103 6604.333 Sim/SSA SSA 6604.103
24 6262.306 6262.306 6262.392 Sim/SSA SSA 6262.306
Total cost 7245994383 | 7245.994383 | 7246.24434 7245.994383
average
Table 6. Cost Comparison for Second Scenario
H Simplified & | Total cost ($/h) | Total cost ($/h)|  The best (SSA) Best result
ours analytical ($/h) (SSA) (GOA) cost method vs (GOA) combination
1 6141.552 6141.552 6142.182 Sim/SSA SSA 6141.552
2 6329.251 6329.251 6329.882 Sim/SSA SSA 6329.251
3 6438.925 6438.925 6438.926 all Equal 6438.925
4 6508.973 6508.973 6509.275 Sim/SSA SSA 6508.973
5 6681.328 6681.328 6681.336 Sim/SSA SSA 6681.328
6 6811.527 6811.527 6812.207 Sim/SSA SSA 6811.527
7 6866.031 6866.031 6866.632 Sim/SSA SSA 6866.031
8 6907.663 6907.663 6907.687 Sim/SSA SSA 6907.663
9 7643.257 7643.257 7643.802 Sim/SSA SSA 7643.257
10 8139.714 8139.714 8139.725 Sim/SSA SSA 8139.714
11 8416.971 8416.971 8417.218 Sim/SSA SSA 8416.971
12 8616.288 8616.288 8616.449 Sim/SSA SSA 8616.288
13 8405.627 8405.627 8405.631 Sim/SSA SSA 8405.627
14 7953.291 7953.291 7953.612 Sim/SSA SSA 7953.291
15 7492.154 7492.154 7492.698 Sim/SSA SSA 7492.154
16 6987.886 6987.886 6988.441 Sim/SSA SSA 6987.886
17 6820.846 6820.846 6820.901 Sim/SSA SSA 6820.846
18 7181435 7181.435 7181.446 Sim/SSA SSA 7181.435
19 7543.363 7543.363 7543.681 Sim/SSA SSA 7543.363
20 8510.852 8510.852 8511.334 Sim/SSA SSA 8510.852
21 8146.657 8146.657 8146.868 Sim/SSA SSA 8146.657
22 7309.58 7309.58 7309.645 Sim/SSA SSA 7309.58
23 6604.103 6604.103 6604.456 Sim/SSA SSA 6604.103
24 6262.306 6262.306 6262914 Sim/SSA SSA 6262.306
Total 7279.982587 | 7279.982587 | 7280.289539 7279.982587

cost average

Table 7. Cost Comparison for Third Scenario
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Simplified & | Total cost ($/h) | Total cost ($/h) | The best cost (SSA) Best result
Hours analytical (SSA) (GOA) method vs (GOA) combination
($/h)
1 6151.596 6151.596 6151.957 Sim/SSA SSA 6151.596
2 6380.378 6380.378 6380.474 Sim/SSA SSA 6380.378
3 6495.375 6495.375 6495.456 Sim/SSA SSA 6495.375
4 6610.776 6610.776 6611.262 Sim/SSA SSA 6610.776
5 6726.581 6726.581 6726.921 Sim/SSA SSA 6726.581
6 6842.665 6842.665 6842.937 Sim/SSA SSA 6842.665
7 6933.157 6933.157 6933.363 Sim/SSA SSA 6933.157
8 7005.439 7005.439 7006.021 Sim/SSA SSA 7005.439
9 7676.185 7676.185 7676.433 Sim/SSA SSA 7676.185
10 8079.544 8079.544 8079.704 Sim/SSA SSA 8079.544
11 84734 84734 8473.903 Sim/SSA SSA 84734
12 8737.295 8737.295 8737.303 Sim/SSA SSA 8737.295
13 8351.509 8351.509 8351.888 Sim/SSA SSA 8351.509
14 7899.826 7899.826 7900.099 Sim/SSA SSA 7899.826
15 7502.571 7502.571 7503.075 Sim/SSA SSA 7502.571
16 7053.764 7053.764 7053.769 Sim/SSA SSA 7053.764
17 6803.758 6803.758 6804.25 Sim/SSA SSA 6803.758
18 7183.724 7183.724 7184.175 Sim/SSA SSA 7183.724
19 7548.527 7548.527 7548.738 Sim/SSA SSA 7548.527
20 8512.133 8512.133 8512.443 Sim/SSA SSA 8512.133
21 8147.751 8147.751 8148.427 Sim/SSA SSA 8147.751
22 7311.666 7311.666 7312.408 Sim/SSA SSA 7311.666
23 6610.776 6610.776 6611.152 Sim/SSA SSA 6610.776
24 6265.785 6265.785 6266.369 Sim/SSA SSA 6265.785
Total 7304.340915 | 7304340915 | 7304.688553 7304.340915
cost average
Table 8. Cost Comparison for Fourth Scenario
Average of total cost Total execution time
Simplified (SSA) (GOA) Best met- | Best results | Simplified (SSA) (GOA)
& analytic cost ($/h) cost ($/h) hod combina- & analytic Time (se- Time (se-
($/h) tion ($/h) (seconds) conds) conds)
7292.64 7292.64 7292.94 Sim/SSA 7292.64 (0373 & 2.874 122.37
0.474)

Table 9. Total Time and Cost of the Four Scenarios

4. CONCLUSION AND FUTURE WORK

This study presents economic dispatch problem on a microgrid including renewable energy (solar, wind)
to calculate the minimum cost possible using multiple methods such as analytical method and simplified
version of the analytical method, also applying two nature inspired optimization algorithms salp swarm
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algorithm (SSA) and grasshopper optimization algorithm (GOA). The results of the analytical method and
the simplified version showed that as expected, the total cost is identical but the simplified version exe-
cution time is better than the analytical method. The execution time varies according to the condition of
the used computer, however, the simplified version always showed less time for execution regardless of
the computer condition compared to the analytical method at the moment of execution. Even though
the simplified version reduces the steps and time for the solution, some cases of studies require knowing
the value of lambda and this way of solution will not be able to show that due to the fact that lambda
is included within the formula and will not be calculated separately.

The results of the implementation of the proposed (SSA) and (GOA) algorithms shows a dominance in re-
sults with the (SSA) algorithm where it showed a better result with less execution time. the optimal solu-
tion achieved in the 24th iterations with much less time (2.874 sec) compared to GOA algorithm which
took much time to achieve the solution approximately 122.37 second with 24 iterations. The disadvan-
tage in SSA algorithm in this system it requires more time to achieve the optimal solution than the ana-
lytical and simplified version methods.

The advantage that been shown in GOA algorithm is that it has high flexibility with the solution that can
be suitable for other types of optimization problem.

It can be concluded that, the obtained results showed that for the four-generation scenarios, the analyt-
ical method, simplified version of the analytical method and the salp swarm algorithm (SSA) produced
the same minimum cost. however, the simplified version of the analytical method presented the fastest
execution time among the three methods, so it considered as the best solution method for the proposed
system. While the (GOA) algorithm presented the slowest execution time with the highest cost values.

Furthermore, it can be concluded that the used optimization algorithms are more flexible and with the
proper alterations, they can be implemented to various types of applications. These optimization algo-
rithms benefit from the avoidance of considering the feasible solution as an optimal solution.

For the ELD methods, the analytical method and the simplified version of the analytical method are very
effective for these types of problems.

The different generation scenarios showed that the total cost reduced whenever the renewable energy im-
plemented. In the study, the second scenario where the solar and wind generation implemented showed
the best results. As a future work the proposed system can be developed in many ways like extending the
solution by adding the losses and reserves, furthermore, the system can include larger number of gener-
ating units and testing the new system with additional optimization techniques and the new system will
be simulated in a simulation to calculate the best minimum cost. For the renewable energy, the energy
credits for solar generation can be added to the calculation to minimize the solar energy generation cost.
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Ozet

Ulkemizde mermer iiretimi ve kullanimi yizyillar 6ncesine dayanmaktadir. Anadoluda sanat, kiiltiir ve me-
deniyeti temsil eden heykel, bina, anit gibi pek ¢cok eserde mermerler kullaniimistir. 1990 yillardan itibaren
tilkemizde ticari mermer sektoriintin gelisimi hizlanmis ve mermer ruhsati ve ocak sayilarinda artis gézlen-
mistir. Ispartada ise ticari mermer sektoriiniin tam anlamiyla gelismesi 2000'li yillarin ortalarini bulmustur.
Isparta il sinirlari icerisinde bircok bdlgede mermer Uretim faaliyetleri yogun bir sekilde strdiriilmektedir.
Gelendost ilcesi de bu 6nemli mermer tretim bolgelerinden birisidir. Gelendost ilcesi, Egirdir goliniin do-
gusunda yer almaktadir. Bolgede mermer Uretimi yapilan formasyon Kurucaova formasyonudur. Bu formas-

yonun 0zellikle bej ve krem renginde olan ve yapisal olarak butiinliik sunan seviyeleri mermer sektori agi-
sindan uygun renk ve desene sahiptir. Bolgede mermer isletmeciligi agisindan en 6nemli sorun genel olarak
karstik bosluklar ile kirik ve ¢atlak sistemleridir.

Anahtar Kelimeler: Ticari Mermer, Kirectasi, Gelendost.

EVALUATION OF MARBLE POTENTIAL OF LIMESTONE IN THE SOUTH OF GELENDOST
(ISPARTA) DISTRICT

Abstract

Marble production and use in our country dates base centuries. In Anatolia, marble were used many arti-
facts such as sculptures, buildings and monuments representing art, culture and civilization. From the 1990s,
development of the marble sector accelerated in our country and marble license and quarry was observed
increase. Development of marble sector was in the mind-2000s in Isparta. Marble production activites is be-
ing carried out intensely in many regions of Isparta. District of Gelendost is one of the important marble pro-
duction areas. District of Gelendost is located to the east of the Lake Egirdir. Formation of marble produc-
tion in the region is Kurucaova Formation. Especially, beige and cream colored and structural integrity levels
has suitable color and pattern for marble sector. Generally, the most important problem for marble mana-
gement in the region is karst cavities and crack systems.

Keywords: Marble, Limestone, Gelendost.
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1. GiRis

Bu calisma Egirdir Goli'niin dogusunda, Isparta-Konya ana karayolu tizerinde bulunan Gelendost ilgesi-
nin glineyinde yer alan Yesilkdy ve yakin cevresini kapsamaktadir. Bu kapsamda bdlgenin ticari mermer
potansiyeli acisindan degerlendirilmesi konu edinilmistir (Sekil 1).
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Sekil 1. Calisma alaninin yer bulduru haritasi

Ulkemiz mermer iiretimi ve ihracati konusunda son yillarda diinyada ilk siralarda yer almistir. Ulkemizin ti-
cari mermer Uretimi yapilan karbonat kdkenli kayag rezervlerinin (kirectasi, dolomitik kirectasi ve dolomit)
onemli bir bolimi Isparta ve yakin cevresinde bulunmaktadir (Caran, 2014). Isparta ili genelinde, 6zel-
likle son on bes yilda mermer endustrisinin talep ettigi niteliklerde blok mermer tretimleri bircok farkli
noktada gerceklestirilmistir. Bu tretim noktalarindan birisi de Gelendost ilcesidir.

Gelendost bolgesinde mermer uretiminin gergeklestirildigi kayag grubu; Toros Dag Kusagina ait Anamas-
Akseki otoktonunda yer alan krem ve bej renkli kirectaslaridir. Bolgede ticari mermer Uretiminin gercek-
lestirildigi kirectaslarinin yiizeylendikleri alanlar dikkate alinarak arazi calismalari yapilmistir. Arazi calisma-
larinda 6zellikle blok mermer Gretiminin sureklilik arz ettigi, Gretilen mermerlerin mermer endustrisinde
on plana cikarak markalastig, Gretime devam eden, herhangi bir sebeple Gretime ara vermis ya da faali-
yetleri sonlandiriimis mermer ocaklarinda yogunlasilmis ve degerlendirmeler yapilmistir.
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2. BOLGESEL JEOLOJi

Calisma alani ve gevresi Turkiye jeolojisinde “Isparta Agisi (biklim)” olarak bilinen alan icerisinde kalmak-
tadir. Bu buklim Antalya Korfezinin kuzeyinde, Toros Daglarinin kuzeye dogru biikulerek ters V seklinde
bir ac1 olusturmasiyla meydana gelmistir. Bu bolgeyi genel olarak otokton Toros karbonat platformu ka-
yaclari ve bunlar izerine yerlesmis allokton biytik nap dilimleri sekillendirilmistir. Isparta Agisi icinde yer
alan Mesozoyik yash karbonat kayalar basta olmak tizere, bunlara eslik eden Tersiyer yasli tortul ve volka-
nik kaya birimleri genellikle otokton birimlerini meydana getirir. Buna karsin, bolgede yer alan ofiyolitler
ve bunlara eslik eden karbonat kaya topluluklari ise allokton birimleri temsil eder. Isparta Agisinin dogu
kanadinda Akseki-Anamas otokton karbonat platformu ve bunu tektonik olarak tizerleyen Beysehir Hoy-
ran ofiyolitik naplari yer alir. Isparta agisinin bati kanadinda otokton Beydaglar karbonatlari ile bunu Ust-
leyen Likya Naplar bulunmaktadir. Her iki kanat Egirdir GolU kuzeyinde birlesmis ve Isparta Agisini mey-
dana getirmistir. Antalya Naplari ise aginin merkezi kesiminde yer almaktadir (Bluemental, 1963; Brunn et
al,, 1971; Sengdr, 1980; Kogyigit, 1983; Poisson, 1984; Senel, 1984; Robertson ve Woodcock, 1984, Caran,
2014). Calisma alani Isparta Agisinin dogu kanadinda Anamas-Akseki otoktonu lzerinde bulunmaktadir.

3. STRATIGRAFiI

Calisma alaninda Anamas-Akseki otoktonuna ait farkli litoloji, yas ve ortam kosullari sunan birimler yer
almaktadir (Sekil 2). Bunlar; yaslidan gence dogru Kurucaova formasyonu ve Casiryayla formasyonudur.
Adlanmamis Pliyosen birimler ve altivyonlar bunlari uyumsuz olarak tzerleyen diger birimlerdir.

Pl Adlanmarnig Piiyasen

YT

- R
- Kurucaava Formasyons

e Marmal Fay

Ak hA Ters Fay

. Yerlegim Yerl
VESILKOY ‘x" Akl Mermer Ocaklan (Temsili)
)/ Uretime Ara Veriimig Mermer
e Ocakian {Temsili)

Sekil 2. Calisma alani ve yakin gevresinin jeoloji haritasi (Senel, 1997'den degistirilerek)
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3.1. Kurucaova Formasyonu (Jkk)

Orta Toroslarin otokton kaya birimlerini olusturan formasyon; Senel et al. (1992) tarafindan isimlendiril-
mistir. Arastirmacilar tarafindan; Gelendost ilce merkezinin gtineyinde genis yayilimlar sunan birim hak-
kinda asagidaki bilgiler ortaya konulmustur. Kurucaova Formasyonu; ince, orta, kalin tabakali, yer yer gri,
sarimsi gri, kirli sar renkli, bol makro fosilli, yer yer kumlu, onkoidli, oolitli ve pelletli kirectaslari ile basla-
maktadir. Bunlarin tizerinde dolomitik kirectasi ara diizeyli, orta, kalin tabakali, gri, koyu gri, bej, krem, kirli
sarl renklerde, yerel olarak gastropodlu, onkoidli, oolitli, bol paleodasycladus ve lithiotisli kirectaslari yer
alir. Daha Ustte orta-kalin tabakali, bej, krem, acik gri, gri, acik kahve, yersel kirli beyaz renkli, bol makro
fosilli kirectaslar bulunmaktadir. Bazi seviyelerinde dolomit ve dolomitik kirectaslari izlenir. Genelde mik-
rit ve biomikrit, yer yer biosparit vb. nitelikte olan bu kirectaslarinin alt diizeylerinde oolitli ve pelletli di-
zeyler belirgindir. Sert, erime boslukluy, sik catlakli, catlaklar duru kalsit dolguludur. Cok kalin bir istife sa-
hip birimin kalinhiginin yer yer 1500 metreyi astigi diistinilmektedir. Birimin yasi Orta Liyas-Senomaniyen
olarak saptanmis olup, sig karbonat self ortaminda ¢okelmistir.

3.2 Casiryayla formasyonu (Ti)

Genel olarak kinntili kayalarla temsil edilen birim Ozg(il (1976) tarafindan adlandiriimistir. Senel (1997)'e
gore birimin litolojisi; ince-orta tabakall, yesil, gri, yesilimsi gri, pembe, kizil renklerde kumtasi, kiltasi ve
silttaslarindan olusmakta ve birim icinde kumlu-killi kirectasi ile marn ara seviyeleri de gorilmektedir.
Kumtasi ve kiltasi seviyeleri ardalanmali yapida olup, asirn yapraklanma nedeniyle seyl gériinimiini al-
mistir. Casiryayla formasyonu, Kurucaova formasyonunun uzerine uyumsuz olarak gelmektedir. Ancak,
bazi kesimlerde Kurucaova formasyonunun Casiryayla formasyonu Uzerine ters faylanma ile itildigi de
g6zlenmektedir. Casiryayla formasyonu adlanmamis Pliyosen biriminler tarafindan uyumsuz olarak tizer-
lenir. Kalinhgr yer yer 200 m ye ulasmaktadir. Birimin yasi Ust Paleosen-Orta Eosendir ve duraysiz havza
ortaminda ¢okelmistir.

3.3 Adlanmamis Pliyosen (Pl)

Birim calisma alani icerisinde gevsek tutturulmus konglomera, kumtasi ve camurtasi seklinde gozlen-
mektedir. GOl ve gol kiy fasiyeslerini kapsayan birimin kalinhigi 0-100 metre arasinda degisiklik gostere-
bilmektedir (Senel, 1997).

3.4. Aliivyon (Qal)

Calisma alaninda altivyonal birimler; genellikle ova ¢okelleri ve dere sedimanlari olarak gozlenmektedir.

4. KURUCAOVA FORMASYONUNUN TiCARi MERMER POTANSIYELi ACISINDAN DEGERLENDIRILMESI

Calisma alaninda Kurucaova formasyonuna ait yapisal olarak biitiinliik sunan krem ve bej renkli kirectasi
seviyelerinden ticari mermer blok Uretimi gerceklestirilmektedir (Sekil 3). Bu calismalar ilge merkezinin
glineyinde yer alan Yesilkdy ve yakin cevresinde yogunlasmistir.
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Sekil 3. inceleme alaninda yer yer gézlenen acik bej renkli kirectaslarinin el drneklerinden (A), mostralarindan (B,
C) ve bloklarindan (D) gorinim.

Calisma alani icerisinde bircok alanda mermer arama ve isletme ruhsati alinmis, bunlardan bazilarinda de-
neme ve Uretim amagl mermer ocakgilik faaliyetleri yapilmistir. Ancak, bélgede retim faaliyetlerini stir-
direbilen mermer isletme sayisi oldukga azdir (Sekil 4). Pek cok faaliyet donemsel olarak yapilip sonlan-
dinlmistir. Gelendost bolgesindeki kirectaslari, mermer endustrisinde ilk siralarda tercih edilen renk olan
bej ve krem tonlarinda genis yayilimlar sunmaktadir. Bolgede Yesilkdy'e yakin ocaklarda renk beje daha
yakin iken dogu yoniine gidildikce koyu bej ve krem rengine gecis gostermektedir.

I . ' : e

Sekil 4. Gelendost giineyindeki aktif (A) olarak Uretime devam edilen ve Uretime ara verilmis veya terk edilmis
(P) ocaklarin Google earth gorintimleri (A:Mermer ocak yerlerinin temsili gériinim; B, C: A seklinde gosterilen
ocaklarin yakin plandan gorinimu)
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Bolgedeki mermer isletmeleri icin en blylik sorun kirectaslan icerisinde gelisen irili, ufakli ve yogun ge-
lismis deliklerdir (Sekil 5A, B, C). Bu deliklerin bazilari karstlasma ile daha da biyimdustur (Sekil 5D). Bu
kadar yogun delik ancak yogun bir kirilma, hatta ezilme ile miimkin olabilir. Fakat yogun delikli kireg-
taslari calisma alaninda ¢ok masif yapilar sunmaktadir. Birimin peklesme sonrasi bu sekilde yogun tekto-
nizmaya maruz kalmasi durumunda bitinligini (masif yapisini) korumasi mimkiin olmayacaktir. Bu
nedenle bolgedeki delikli yapinin kiregtasinin peklesme donemindeki tektonik hareketlerle gelismis ola-
bilecegi duistiniilmektedir. Uretime devam eden, liretime ara vermis veya terk edilmis tim ocaklarda tre-
tim icin olumsuzluk olusturan yogun deliklere rastlaniimaktadir. Bdlgede kirectagi mostralarinda yaygin
gozlenen delikli yapinin daha alt kotlara inildikce azalacadi beklenilmistir. Ancak, beklentinin aksine mer-
mer isletmeciligi agisindan olumsuzluk olusturan bu delikler derinlere inildikce daha da artmakta ve baz

alanlarda oldukca genis karstik bosluklara (magdara ve diiden gibi) dontismektedir.

Sekil 5. Gelendost bolgesi kirectaslarindaki delikli yapilarin mostrada (A), blokta (B, C) ve kademede (D) gériinimii

Calisma alanindaki mermer isletmeleri icin delikli yapidan sonra gelen en énemli sorun olan yogun kirik
ve catlak sistemleridir (Sekil 6). Kurucaova Formasyonu kirectaslari, Isparta acisini sekillendiren sikismali
tektonizmadan oldukga fazla etkilenmistir. Bu durum bolgedeki kayaglarda yogun eklem sistemlerinin
gelisimine neden olmustur. Eklem sistemlerinin sikligi bolgedeki mermer ocak isletmelerinde blok verimi
acisindan olumsuzluklara neden olmaktadir. Ancak bu problem Egirdir, Senirkent ve Sutcller bolgesi bej
renkli mermer isletmeleri ile kiyaslandiginda daha diisiik seviyelerde kalmaktadir. Bu nedenle Isparta bol-
gesi bej renkli mermer ocak isletmelerinde blok verimliligi en yiiksek olan boélge calisma alanidir. Fakat
yasanan yogun deliklilik problemi tretilen bloklarin ticari degerini distirmektedir. Ancak calisma alani
da kendi icerisinde kirik ve catlak sistemlerinin yogunlugu bakimindan farkliliklar sunmaktadir. Calisma
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alaninin dogu kesiminde yer alan mermer ocak isletmelerinde blok verimi daha yiiksek iken, bati kesi-
mindeki ocak isletmelerinde tektonik etkiler sonucu artan kirik-catlak orani nedeniyle blok verimi daha
da dusmektedir. Bolgede her ne kadar kirik ve ¢atlak sistemlerinin olumsuz etkisi olsa da, Gelendost bol-
gesinde bulunan bircok ocagin faaliyetlerinin sonlanmasina yogun deliklerin varligi neden olmustur.

Sekil 6. Ocak kademelerinde gorilen kirik - catlak sistemleri

Kirectaslarinin peklesmesi sirasinda etkili olan tektonizma yogun delikli yapilarin gelismesine neden
olurken, ayni zamanda yodun kirik ve catlak sistemlerinin olusumuna da sebep olmustur. Bu kiriklarin
peklesme déneminde ikincil kalsitlerle doldurulmasi sonucunda kiregtaslarinda yogun kalsit damarlari
olusmustur. Cogunlukla ana tasin renginden farkli farkli renk tonlarinda olan bu ikincil kalsit dolgulari ki-
rectasinin renk homojenliginin bozulmasina neden olarak mermer bloklarinin kalitesini olumsuz etkile-
yerek ticari degerlerini diistirmustir (Sekil 7A). Bu kirik ve catlak sistemleri icerisine ayrica kirmizi ve siyah
renkli yabanci madde olarak tabir edilen mangan ve demir girisleri de gézlenmektedir (Sekil 7B). Bu du-
rum hem gorinti agisindan hem de blok saglamhgi agisindan problem olusturmaktadir.

Mermer sektoriinde, bir kayac icerisinde homojen dagilmayan ve iri yapida gézlenen fosiller istenmeyen
durumlar olsa da bazi durumlarda ticari olarak degerlendirilebilmektedir. Bolgede kirectaslarinin koyu bej
renkli seviyelerinde Uretimi yapilan ocaklarda tiretilen mermerlerde ortaya cikan ve homojen dagilan fo-
sil parcalari bolgeye has olan monte bello isimli mermerin ortaya ¢ikmasina sebep olmustur (Sekil 8A).
Bunun disinda bolgede Uretilen mermerler, ocean ve Gelendost beji gibi genel isimlerle de mermer en-
dustrisinde yer almaktadir (Sekil 8 B, C).
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Sekil 7. Kirectaginin kiriklarina giren ve kirli gériiniime sebep olan demir ve mangan (A
Mermer bloklarinda gortilen kirectasinin ana renginden farkli homojen olmayan dolgular (B)

Sekil 8. Kurucaova Formasyonundan Uretilen mermer plaka 6rnekleri
(A: Monte bello, B:Ocean, C:Gelendost beji)

5. CALISMA ALANI TiCARI MERMER iSTATISTIKLERI

Maden ve Petrol isleri Genel Miidirliigii (MAPEG) verilerine gére (Tablo 1); calisma alaninin icinde bulun-
dugu Gelendost ilcesi icin yillar itibariyle ytrirliikte olan mermer arama ve isletme ruhsat sayilarina ba-
kildiginda, 6zellikle 2010 ve 2011 yillarinda arama ruhsat sayisinin fazla, mermer isletme ruhsat sayisinin
ise arama ruhsatlarina gore oldukca az (mermer isletme faaliyetlerinin heniiz yeni) oldugu gorilmekte-
dir. 2012 yilindan baslayarak, arama ruhsat sayisinin giderek azaldigi, ancak isletme ruhsat sayisindaki ar-
tisin arama ruhsat sayisindaki azalmaya oranla daha diistik kaldigi gorilmekte olup, bu durum da ¢alisma
alani icerisinde alinan her arama ruhsatinin isletme dénemine gegemedigi sonucunu ortaya koymakta-
dir. 2010 yilinda bolgede toplam mermer ruhsat sayisi 53, 2011 yilinda 61 iken, 2017 yilinda 18'e gerile-
mistir. Mermer isletme ruhsatlarindan Maden Kanununun 7. maddesi kapsaminda gerekli yasal izinleri
alarak mermer isletme izni diizenlenen ruhsat sayisi 2017 yilina kadar ya artis gostermis ya da sabit kal-
mistir. Ancak 2017 yili itibariyle azalma egilimine girmistir.

Bolgede lretim beyan eden mermer ruhsat sayisina bakildiginda, degerlendirme yapilan herhangi bir
yil icin isletme izinli olan tim mermer ruhsatlarinin (2013 yili harig) tretim faaliyetinde bulunmadig
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anlasiimaktadir. 2013 yilinda ise bolgede isletme iznine sahip tim mermer ruhsatlarinda tretim faaliye-
tinde bulunulmustur. 2011-2017 yillari mermer tretim miktarlar dikkate alindiginda da tretimin en fazla
yapildigi yil yine 2013 yili olmustur (Tablo 2). 2013 yili disinda diger yillara bakildiginda genel olarak orta-
lama 5-6 gibi bir sayida mermer isletmesinin Gretim yaptigi anlasilmaktadir. Mermer endustrisindeki ta-
lep degisiklikleri gibi sebepler ile beraber bdlgedeki mermer Uretim miktarlarinda da dalgalanma mey-
dana geldigi gorilmektedir.

Yil Arama isletme Uretim faaliyetinde bulunan
2010 50 3 (izinli:3) 3
2011 54 7 (izinli:5) 4
2012 24 11 (izinli:8) 7
2013 19 17 (izinli:10) 10
2014 10 18 (izinli:10) 5
2015 9 18 (izinli:10) 7
2016 7 16 (izinli:12) 6
2017 4 14 (izinli:11) 5

*2010-2016:31 Aralik itibariyle ydirirliikte olan,2017 ise yil icindeki ruhsat sayilanidr.

Tablo 1. Gelendost ilgesinde yrirlikte olan ve Uretim yapan mermer ruhsat sayilari (MAPEG)

YIL Uretim miktari (m3)
2011 4450
2012 9.050
2013 12.030
2014 4,530
2015 9.730
2016 5.020
2017 6.200

Tablo 2. Gelendost bolgesinde yillara gére mermer tretim miktarlari (MAPEG)

6. SONUC

Bu calisma kapsaminda Gelendost ilcesinin glineyinde yer alan kiregtaslarinin ticari mermer potansiyeli
acisindan degerlendirmesi yapilarak, bu kirectaslarinda acilan mermer ocaklarinin jeolojik 6zellikleri aras-
tinlmistir.

Gelendost ilcesi glineyinde ticari mermer potansiyeli olarak en 6nemli kaynak, otokton Kurucaova formas-
yonuna ait bej ve krem renkli kirectaslaridir. Bu kayaclarin kalinliklar, yayimlari ve rezervleri de oldukga
fazladir. Ancak bolgedeki ticari mermerlerin blok verimini ve ticari degerini diisiiren bazi sebepler vardir.
Kirectaslarinda gelismis yogun delilkli yapi bunlarin basinda gelirken, bdlgenin gecirdigi tektonizma so-
nucunda mermer rezervlerinde olusan yogun kirik ve catlak sistemleri ikinci sirada yer almaktadir.

Calisma alaninda 50'nin {izerinde arama ruhsati alinmis, bircok noktada arama ve tretime yonelik de-
neme calismalari yapilmistir. Ancak, 2017 yilinda bolgede 4 arama ruhsati kalmis, isletme ruhsat sayisi ise
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14 olmustur. Arama ruhsati alinan rezerv alanlarinin biyuk kismi jeolojik veya ekonomik nedenlerle terk
edilmistir. Bolgede rezerv bitmesi nedeniyle terk edilmis ocak heniliz bulunmamaktadir. Ayrica, mermer
Uretimi yapan ruhsatl alan sayisi genel olarak yillar itibariyle ortalama 5-6'dir. Arama ruhsatlarinin pek ¢o-
gunun isletmeye gecememesi ve isletmeye gecen ruhsatlarin da aktif olarak tiretime devam edememesi
nedeni ile bélgenin mermer potansiyeli bugiinki sartlarda oldukga dusiik kalmaktadir.

Calisma alani icerisinde mermer Uretimi renk olarak genel anlamda bej ve krem tonlarinda degerlendiril-
mektedir. Calisma alaninda marka haline gelmis ve ticari isimleriyle 6n plana ¢ikmis bircok mermer cesidi
bulunmaktadir. Bunlar; Monte Bello, Ocean, Gelendost Beji genel isimleriyle bilinmektedir.
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Abstract

Breast malignancy is one of the primary driver of disease demise around the world. Early diagnostics essen-
tially builds the odds of right treatment and survival, however this procedure is dull and regularly prompts
a contradiction between pathologists. PC supported conclusion frameworks indicated potential for enhanc-
ing the demonstrative precision. In this work, we build up the computational methodology dependent on
increased profound convolution neural systems for bosom malignant growth histology picture characteri-
zation. Hematoxylin and eosin recolored bosom histology microscopy picture dataset is given by Kaggle to
Breast Cancer Histology Images. Our methodology uses a few profound neural system structures and incli-
nation helped trees classifier. For 5-class grouping assignment, we report 88.4% exactness. For 4-class group-
ing undertaking to recognize carcinomas we report 92.3% exactness, 96.2%, and affectability 94.5 by 87.2%
at the high-affectability working point. As far as anyone is concerned, this methodology performs other ba-
sic techniques in computerized histopathological image grouping.

Keywords: Deep learning techniquesi, Morphological processing, Image processing, Computer vision, Im-
age classification, Breast cancer, Feature extraction.
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ARTIRILMIS EVRiSIMSEL SiNiR AGLARI iLE GOGUS KANSERI TESHiSi VE GORUNTU
DEGERLENDIRMESi

Ozet

Meme kanseri, dlinyada insan 6limiine sebep olan baslica hastaliklardan biridir.Erken teshis, dogru tedavi-
nin gelistirilmesini ve sag kalma olasiligini arttirir, ancak bu siireg belirsizdir ve diizenli olarak patologlar ara-
sinda bir celiski yaratir. PC destekli sonug sistemlerinin, goriintiikesinligini arttirmada belirli potansiyele sa-
hip oldugu belirtilirBu ¢alismada , kucak malign biiyiime histolojisi resim karakterizasyonu icin artan derin
evrisim sinir sistemlerine bagl olan hesaplama metodolojisini gelistiriyoruz. Hematoksilen ve eosin recolo-
red g6gus histolojisinde mikroskopi resim veri seti Kaggle tarafindan Meme Kanseri Histolojisi Goruintiilerine
verilmistir. Metodolojimiz birkag derin sinir sistemi yapisi kullanir ve meyilli agac siniflandiricisina yardimci
olur. 5 sinifli gruplama atamasi i¢in% 88,4 oraninda dogruluk bildiririz. Karsinomlari tanimay tstlenen 4 si-
nifli gruplama icin yiiksek afiniteli calisma noktasinda% 92,3 dogruluk,% 96,2 ve afektabilite% 94,5 oraninda
rapor ediyoruz. Herhangi biri s6z konusu oldugunda, bu metodoloji bilgisayarl histopatolojik imge grupla-
masinda diger temel teknikleri de uygular.

Anahtar Kelimeler:Derin 6grenme teknikleri, Morfolojik isleme, Gorlintii isleme, Bilgisayarla gérme. Goriinti
siniflandirma, Meme kanseri, Ozellik cikarma.

1. INTRODUCTION

Breast disease is the most widely recognized malignant growth analyzed among European ladies, rep-
resenting 40% of all new malignant growth analyze in ladies in Europe. Bosom cells biopsies enable the
microscopic assessment of the cells and tissuesto analyze the manifestations of disease survey the infin-
itesimal structure and components of the tissue. The miniaturized analysis of tissue to study the expo-
sition of disease plans to recognize ordinary tissue, non-dangerous and harmful sores and to play out a
prognostic assessment [1]. There are numerous sorts of bosom carcinomas that encapsulate trademark
tissue morphology. Imaging and analysis of decalcified and un-decalcified histological tissue samples of
tissue, cells, and subcellular compartments is overseen by complex natural instruments related to cell
partition, enhancement, and infection [2]. Causing between observer assortments even among senior
pathologists [3]. The subjectivity of the utilization of morphological criteria in visual grouping spurs the
utilization of frameworks to enhance the conclusion exactness, diminish human blunder, increment the
dimension of between eyewitness understanding, and expanded reproducibility [4]. There are numerous
strategies created for the computerized pathology picture assessment, from guideline based to uses of
machine learning [5]. As of late, deep learning based methodologies were appeared to beat customary
machine learning techniques in many picture examination assignment, mechanizing end-to-end handling.

Circulated, elite execution of inclination helped trees for directed arrangement. Slope boosting models
are by and large widely utilized in machine learning because of their speed, exactness, and heartiness
against over-fitting. In the space of therapeutic imaging, augmented deep convolutional neural systems
ADCNN have been effectively utilized [7], bone infection forecast and age evaluation, and different is-
sues [8]. Past deep learning-based applications in histological minute picture examination have shown
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their capability to give utility in diagnosing bosom malignancy [9- 10]. In this study, we present an ap-
proach for microscopy picture examination for bosom disease type arrangement. Methodology uses AD-
CNNs for highlight extraction and inclination helped trees for characterization and, as far as anyone is
concerned, beats other comparable arrangements.

Our essential goal is to manufacture a precise bosom malignancy microscopic examination of tissue im-
ages arrangement show, which is the specific first and most vital technique in our framework. We train
and test our model with augmented deep convolution neural networks ADCNN, a bosom malignant
growth microscopic examination of tissue images collection of related sets of information that is com-
posed of separate images accessible to each analyst. Trial proof demonstrates that our proposed deep
learning model can successfully group microscopic examination of tissue images regardless of whether
the image goals in our assignment is higher than in other image characterization assignments. We ac-
complished entirely high precision which was up to 85% normal. Results demonstrates that augmented
deep convolution neural network in bosom disease determination is promising. At last, we likewise think
about various information preprocessing procedures.

2. MATERIALS AND METHODS
1 ok i\
Sp= (¢ 2SI M

Where the parameter j = 2 as recommended, K is the quantity of yields, Si is expression of a product Sj is
accumulated expression. The j-standard of a vector gives the normal for i = 1 and the maximum for j — e

We cast-off the dataset given by Kaggle to breast cancer histology images and breast cancer Wisconsin
(Diagnostic) dataset determine if the cancer is malignant or benign, we performed PCA analysis on un-
transformed data. To do so, we had to remove the diagnosis variable then scaled and centered the vari-
ables (images) of dataset provided by Kaggle [9]. Augmented deep Convolutional Neural Networks (AD-
CNN) that suggests to enable the radiologist to order mammography mass sores. Deep adapting generally
needs vast datasets to prepare systems of a specific profundity sans preparation. Exchange learning is a
successful technique to manage moderately little datasets as on account of restorative pictures, in spite
of the fact that it tends to be precarious as we can without much of a stretch begins.

After the information growth, there were 17280 preparing pictures, 2880 approval pictures, and 2880
testing pictures [7]. Each set comprised of half generous and half threatening cases. The hold out test
and approval datasets were isolated from the preparation set before the picture growth, so there was no
covering unique pictures over the gatherings.

« Initialization step.

« Applying of compression forces.

« Get the augmented deep convolution neural network for breast before and after compression.
- Correlation of the deformed model resulted from the ADCNN.

- Breast cancer recognition.
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In underlying tests, we utilized distinctive picture scales, the first 1024 x 1435 pixels and downscaled into
equal parts to 720 x 568 elements. The pictures of the first size we separate irregular harvests of two dif-
ferent sizes 600 x 600 & 1250 x 1250

10N
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Input Layer Convolution Layer Convolution layer C.L (Local) C.L (local)] Augmented Layers
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Frozen Augmented deep convolution layers

Figure 1. The augmented deep convolution neural network intended for this observation. The ADCNN is made out
of four convolutional layers, pooling, normalization/standardization layers, and 3 completely associated layers. The
data is 14125 dimensional and the amount of neurons in the constant convolutional 415 layers is 471281, 75617,
21525 and 8855 neurons. The totally related layers have 1024, 100 and 2 neurons for fca, fcb and fc2, independently.
The plan showed up on the best is used in the midst of getting ready with mammography data. The plan at the base
is used in the midst of trade learning with DBT data, for which the layers C1, C2 and C3 are hardened with learning
rate set to 0.

For ADCNN protest acknowledgment assignments with common pictures generally include just a single
protest at any given moment, conversely an exam in therapeutic imaging frequently accompanies an ar-
rangement of perspectives. A four example Mammogram pictures had been utilized in our think about,
each picture is 300 pixels by 225 pixels; taken from the mammographic database there is a rich writing
on building profound neural systems for multi-aspect information [4-6]. The greater part of them can be
categorized as one of two families. In the first place, there are takes a shot at unsupervised element ex-
traction from various perspectives utilizing a variation of profound auto-encoders. For the most part train
a multi-see profound neural system with unlabeled precedents, and utilize the yield of such a system as
an element extractor, trailed by a standard classifier.
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Classifier p(y[x)

Augment complete connected layer (2048 hidden units)

Succession (512x4 dim)

DCNN DCNN DCNN DCNN

ADCNN MADCNN FSM RCNN

Table 1. Portrayal of one convolutional arrange section for a solitary see. It changes the info see (a dim scale picture)
into a 512-dimensional vector.

MADCNN: Multi-aspect deep convolution neural networkis the point when there are 2-classes the most
every now and again connected execution metric is the MADCCN. In any case, since there are three classes
in our learning assignment, we can't make a difference this metric specifically. We utilized the full scale
normal of the three ROIs, shortened as MADCCN, as the principle execution metric in this work. Not at
all like other broadly utilized nonlinear classifiers, for example, a bolster vector machine or an irregular
woodland, a profound convolutional neural system yields a legitimate restrictive dissemination h(y|x). It
enables us to process the system's trust in its expectation by processing the entropy of this conveyance.

FSM: Finite segment model is imaging procedure has numerous points of interest as a noninvasive in-
dicative instrument, in light of its wellbeing, minimal effort and the expanding advancement in various
restorative imaging applications. In this work, 3-Dimentional numerical reproductions utilizing virtual
ghosts were built dependent on genuine in-vivo exploratory outcomes. The models were intended for
each in-vivo singular case stressing the biomechanical decencies of the bosom tissue [12]. The models
joined diverse bosom tumor’s parameters including position, size, and shape. Specifically, examinations
were utilized to think about this current work’s outcomes by different subtleties of in-vivo elasto-grams.
Tumor order; either favorable or harmful, was performed dependent on the non-direct biomechanical
conduct of bosom tumors. Tissue misshappenings and strain contrasts between the tumor and the en-
compassing foundation typical tissue were investigated and observationally fitted to ascertain the prin-
ciple grouping parameters.

RCNN:A recurrent neural system (RCNN) is a group of counterfeit neural network in which the relation-
shipsare between hubs frame a coordinated chart along a succession. This enables it to show transient
unique conduct for a period grouping. In contrast to nourish forward neural structure [13], RNNs can employ
their interior state to process arrangements of information sources. This makes them relevant in the allo-
cation, for instance, associated penmanship acknowledgment, Segmented or discourse acknowledgment

2. RESULTS

To approve the methodology, we utilize 15-crease arrange and classify mark-approval. For 5-class
non-cancer causing in the epithelial tissue of the breast (ordinary and generous) versus a cancer caus-
ing in the epithelial tissue of the breast (in situ and intrusive) characterization exactness was 86.7 + 4.8%.
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At high-affectability point 0.43 the affectability of the model to identify of 5-classes. «Carcinomas: 86.5%
*Specificity: 87.0%. *Invasive: 83.3%

« Benign 81.5%
« Malignant  85.5%

Exactness arrived at the midpoint of over-all folds was 84.1 + 3.7%. At long last, the significance of solid
enlargement and model combination we utilize is especially obvious. The intertwined model precision
is by 5-6% higher than any of its individual constituents.

Specificity identifies with the test’s capacity to accurately dismiss solid patients without a condition.
Think about the case of a therapeutic test for diagnosing a sickness. Particularity of a test is the extent of
healthy patients known not to have the infection. Carcinomas are cancer cells that resemble the ducts
of the breast and the lobules or glands of the breast

Feature-Extraction based ADCNN-based
Sensitivity (%) Average expression of FPS over | Average expression of FPS over
dataset dataset
Tissue-based Breast-based Tissue-based Breast-based
Training
65 0.60 - 0.32 -
75 0.75 - 0.60 -
79 3.00 - 1.23 -
89 450 - 2.30 -
Testing
65 0.86 0.57 0.54 0.06
75 2.39 0.60 1.14 0.05
80 3.60 0.63 1.69 0.34
85 - 1.32 3.53 0.23
20 - - - 0.93

Table 2. Correlation of the tissue-dependent on highlight extraction bends for the ADCNN-dependent on the whole
test set and the dangerous and favorable test subsets. NN: ADCNN-based. A test with 100% affectability will perceive
all patients with the infection by testing positive. A negative test outcome would conclusively discount nearness of
the infection in a patient represent by dash (-) because negative affectability of breast is trained over-fitting based on
tissue based and evaluated the samples over trained model. The count of affectability does not consider uncertain test
outcomes based on training.
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It merits making reference to that 7909 pictures in general is as yet a moderately little dataset for such a
convoluted picture order issue. Information growth is an appealing answer for diminish over-fitting and
increment the speculation of the model. | originally split the information arbitrarily into 75% preparing,
12.5% approving, and 12.5% testing datasets [9-11]. At that point | connected pivot change on each pic-
ture dependent on the presumption that the highlights that portray bosom sores ought to be revolu-
tion invariant/harsh.

The magnification factor of 40x, 100x, 200x and 400x give the validation based on training of augmented
deep convolutional neural network of different layer and Test is conducted based on their performance
with maximum accuracy at 200x magnification factor. At 40x magnification factor maximum 0.943 ac-
curacy can be plunged based on Tests and validation at 100x magnification factor maximum 0.932 ac-
curacy can be plunged based on Tests and validation at 200x magnification factor maximum 0.954 ac-
curacy can be plunged based on Tests and validation and at 400x magpnification factor maximum 0.939
accuracy can be plunged based on Tests and validation.

3. DISCUSSION

The performance of our framework on image-wise classification. As a baseline, we compare against Multi
aspect deep convolution neural networks (MADCNN) model which, although using a smaller subset of
this dataset, tested on a held-out set of roughly the same size. Their best accuracy performance on this
4-class classification problem was 77.8%.

Magnification factor
Accuracy at Methods
40x 100x 200x 400x
MADCNN 85.6+4.8 83.5+3.9 83.1+19 80.8+3.0
Image level
ADCNN 958 3.1 969+ 1.9 96.7 £ 2.0 949+ 28

We arranged ADCNN for mass recognizable proof using a profound designing with four intricacy layers
and three totally related layers. The ADCNN was arranged initial based on the data from 256 FPS and FD.
The heterogeneous information utilized for ADCNN preparing was coordinated to a steady dark dimen-
sion extend [14-15]. As appeared, the diverse dim dimension circulations of the ROIs were acclimated to
a typical reference go by foundation remedy.

At the point when there are 2-classes the most every now and again connected execution metric is the
MADCCN. In any case, since there are three classes in our learning assignment, we can’t make a differ-
ence this metric specifically. We utilized the full scale normal of the three ROIs, shortened as MADCCN,
as the principle execution metric in this work. Not at all like other broadly utilized nonlinear classifiers,
for example, a bolster vector machine or an irregular woodland, a profound convolutional neural system
yields a legitimate restrictive dissemination h(y|x). It enables us to process the system’s trust in its expec-
tation by processing the entropy of this conveyance.

Our framework achieves an accuracy score of 87.5%, a 12.5% improvement over the baseline score [15].
Even without the refinement model, our model offers a 6 % improvement over the baseline. Comparing
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the sensitivity ADCNN with MADCNN model.Higher sensitivity across all four subclasses using our frame-
work. Of noticeable improvement is the benign class which we saw an almost 20% improvement.

4. CONCLUSION

It is significant that, due to restricted computational assets, we needed to vigorously depend on our in-
volvement in the decision of learning parameters. We didn’t play out orderly scan for ideal parameters,
which regularly greatly affects the execution of a neural system in restricted information situations. The
techniques we utilized in this work are ground-breaking and our outcomes can be enhanced just by the
methods for applying more computational assets without fundamentally changing the strategy. In this
report, we suggest a straightforward and powerful strategy for the order of recolored histological bosom
malignant growth pictures in the circumstance of little preparing. To expand the strength of the classi-
fier we utilize solid information expansion and deep convolutional highlights extricated at various scales
with openly accessible ADCNNs pre-trained on ImageNetwork. Over it, we apply exceedingly precise
and inclined to over-fitting usage of the angle boosting calculation. In contrast to some past works, we
intentionally abstain from preparing neural systems on this measure of information to anticipate prob-
lematic speculation.
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1. INTRODUCTION
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1.1 Main Body
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sults given in the paper. This section should first extend, not repeat, the background to the article alre-
ady dealt with in the Introduction and lay the foundation for the results. Then results and discussion sho-
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Aurum Journal of Engineering Systems and Architecture follows standard US capitalization practices as
per the Merriam Webster’s Collegiate Dictionary (www.merriam-webster.com).

Titles of published works are always to be capitalized in headline style (i.e,, all the nouns and verbs, but
not the articles or prepositions unless they begin a sentence or subtitle). Aurum applies this rule to Tur-
kish titles even where the original title is in sentence style, as in French or German titles. Thus:

Raiffa, H., Schlaifer, R. Applied Statistical Decision Theory. Cambridge: Harvard Business School, 1961.

Integer numbers in Arabic numerals are required for all items like equations, references, figures, tables,
theorems, algorithms, proofs, notes, or any item you want to number across the paper. American sepa-
rators for thousands (,) and decimals (.) are used. Thousands separators are not used for page numbers:

Every year, approximately 7,500 foreign flagged ships visit US ports, carrying the bulk of shipments into
the US, including 175 billion gallons of oil and other fuels.

The transportation industry made $56 billion revenue out of port service operations, whereas federal,
state, and local agencies were able to collect $ 16.1 billion of taxes.

Wein, L. M., Wilkins, A.H., Baveja, M., and Flynn, S.“Preventing the importation of illicit nuclear materials
in shipping containers,’ Risk Analysis, 26(3), 1377-1393, 2006.
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