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Abstract

Internet traffic prediction plays a fundamental role in network design, management, control and optimization. Although
there exist several studies in litereture that focus on predicting Internet traffic using statistical and machine learning
methods, to the best of our knowledge, a fully functional off-the-shelf software with different optimization capabilities
has not been developed. The purpose of this study is to develop a new software for prediction of Internet traffic data
based on time-series Multilayer Perceptron (MLP). The software includes features such as the optimization of the
number of hidden layers and neurons in each layer and feedback delay optimization with respect to autocorrelations.
The Internet traffic data from two different Internet Service Providers, varying by 1-hour and 5-minute time
frequencies, have been used for testing the software. The datasets have been split into training and testing sets via 70-
30% and 80-20% split ratios. The Mean Absolute Percentage Error (MAPE) has been utilized as the main error rate
metric in order to evaluate the accuracy of the prediction models. It has been observed that the MAPE's of the Internet
traffic prediction models change between 3.25 and 9.09. One can conclude that the developed software can be used for
Internet traffic prediction within acceptable error rates.

Keywords: Multilayer perceptron, Traffic prediction, Time series

Oz

Internet trafik tahmini ag tasarimi, yonetimi, kontrolii ve optimizasyonunda temel bir rol oynamaktadir. Literatiirde
Internet trafiginin istatistiksel ve makine ogrenme yontemleri kullanilarak tahmin edilmesi iizerine odaklanan cesitli
calismalar bulunmasina ragmen, bilgimiz dahilinde farkli optimizasyon seceneklerine sahip, tam iglevsel bir yazilim
gelistirilmemistir. Bu ¢aligmanin temel amaci, Internet trafik tahmini icin zaman serili Cok Katmanlh Algilayici
(Multilayer Perceptron, MLP) iizerine kurulu yeni bir yazilimin gelistirilmesidir. Yazilimin igerdigi ozellikler arasinda
gizli katmanlarin ve her bir katman igerisindeki néron sayisinin optimize degerlerinin bulunmasinin yani sira en uygun
zaman gecikmesi degerlerinin otokorelasyonlara bagh olarak optimize edilmesi de bulunmaktadir. Yazilimin test
edilmesi amaciyla iki farkl Internet Servis Saglayicisi’ndan tedarik edilen, zaman frekanslart 1 saat ve 5 dakika
seklinde degisen Internet trafigi verileri kullamimigtir. Veri setleri %70-30 ve %80-20 oranlarmnda egitim ve test
verileri olmak tizere iki kisma béliinmiistiir. Tahmin modellerine ait performansin degerlendirilmesi amaciwyla, ana
metrik olarak Ortalama Mutlak Yiizde Hata (Mean Absolute Percentage Error, MAPE) hesaplanmistir. Internet trafik
tahmini modellerine ait MAPE degerlerinin 3.25 ve 9.09 arasinda degistigi gézlemlenmistir. Elde edilen sonuc¢lara
gore, gelistirilen yazilim kabul edilebilir hata oranlart ile Internet trafiginin tahmin edilmesi amaciyla kullanilabilir.

Anahtar kelimeler: Cok katmanl algilayici, Trafik tahmini, Zaman serileri
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1. Introduction

Internet traffic can be described as a general term
including the transmission of any type of Internet
data among different devices and systems. The
timely and accurate prediction of Internet data
usage is a topic which has great importance in
both literature and industry. One of the most
popular methods used for this purpose is Time
Series Analysis, a research concept about
processing data collected in certain time periods.

There exist several studies in literature about the
prediction of the Internet data traffic with
different methods. Table 1 displays a summary of
these studies.

Table 1. Literature studies on network traffic
prediction

Study Methods
Jiang et. al., 2009 ARMA,
Chabaa et. al., 2010 MLP, LM,
Liu et. al., 2011 CTSA, SVM
Cortez et. al., 2012 Naive
Olivieraet. al., 2014 MLP, SAE
Katris et. al., 2015 FARIMA,
Daly, 2016 NAR
Bian et. al., 2017 LSTM
Sahrani et. al., 2017 NARMA
Narejo et. al., 2018 DBN

ANN, Artificial Neural Network; ARMA, Auto-Regressive
Moving Average; CTSA, Chaotic Time Series Analysis;
DBN, Deep Belief Network; FARIMA, Autoregressive
Fractionally Integrated Moving Average; LM, Levenberg-
Marquardt; LSTM, Long-Short Term Memory, MLP,
Multilayer Perceptron; NAR, Non-Linear Autoregressive
Neural Networks; NARMA, Non-Linear Autoregressive
Moving Average; RBP, Resilient Back Propagation; SAE,
Stacked Autoencoder; SVM, Support Vector Machine;

Although there exist several academic studies on
Internet traffic prediction, the efforts are limited to
developing prediction models with various
methods and doing comparisons. The main
purpose of this study is to develop a standalone
desktop application which can perform time-series
prediction using MLP, a very common machine
learning method that is often used for neural
network-based studies in literature. It is also
aimed to develop the software with a variety of
options including customization of train/test ratio,
optimization of the number of hidden layers, the
amount of neurons in each layer, feedback delays
and training functions.

Section 2 gives brief information about the
datasets and software development. Section 3
presents the details of the software features and
sample results. Section 4 concludes the paper.

2. Datasets and Software Development
2.1. Dataset Generation

In this study, four data sets that have been
obtained from two different Internet Service
Providers have been used in order to create and
evaluate prediction models. Two out of the four
data sets (being referred to as A1H and B1H,
respectively) consist of time-periodical data being
measured in 1-hour time intervals while the time
interval is 5 minutes for the other two data sets
(being referred to as A5M and B5M,
respectively). Table 2 shows the statistics of the
data sets used for testing the prediction models
generated by the software.

Table 2. Dataset statistics

Number .
Time Data
Name of Interval | Format Data Type
Samples
AlH 1231 1 hour Bit Download
ASM 14772 . 5 Bit Download
minutes
B1H 1657 1 hour Bit Download
B5M 19888 . 5 Bit Download
minutes

2.2. Software Development

The development of the software has been carried
out using MATLAB programming language,
MATLAB R2017a Compiler and Neural Network
Toolbox. The design of the user interface has also
been done in the same environment. The
performance of the prediction models has been
evaluated by calculating MAPE, the formula of
which is given in (1).

n
100
N
t=1

A — P
A

MAPE =

€y

In (1), A is the actual value, Py is the predicted
value and N is the number of samples in the test
set.
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3. Features of the Software
3.1. Software Components

The main features which have been developed are
listed below.

3.1.1. Train-Test ratio adjustment

The amount of rows in the data set used for
training and testing the network can be adjusted
either with the exact amount or the percentage of
the data set rows which are intented to be used as
the training data whilst building the prediction
models.

3.1.2. The number of neurons in each hidden
layer

The amount of neurons in the hidden layers,
which are the structures between the input and the
output layers in an MLP network, can be adjusted
either manually or by the optimization algorithms
which are applied the training part of the data set
when selected. Two main optimization options
which have been provided by the software are 80-
20% sequential data division and 10-fold cross
validation. The software finds the optimum
number of neurons in every hidden layer by
creating sub-models and comparing the error rates
produced by those sub-models. Afterwards, the
optimized hidden layer size is used in order to
build the main prediction model with the purpose
of obtaining the best possible prediction accuracy.

3.1.3. The number of hidden layers

The option of using 1, 2 or 3 hidden layers in the
neural network can be chosen by the user.

3.1.4. The feedback delay values

The feedback delays, being one of commonly-
used criteria in time series analysis, can be
decided with several options. The feedback delay
optimization options are based on making use of
dataset autocorrelation. The autocorrelation value
of each row in the training data can be calculated
by the software and displayed by clicking on the
“Data Set AC” button. The main options for
optimizing the feedback delays are using the
indices which have a higher autocorrelation than a
certain threshold, or sorting all autocorrelations in
a descending order and using an array of best
indices with the highest autocorrelations. These
options also create an opportunity to test whether

the autocorrelation has an effect on finding the
optimum feedback delays.

3.1.5. Network training function

The activation function used for the neural
network, which is also decided by the user.

3.1.6. Save-Load option

The user is able to create a brand-new prediction
model and save the network settings after the
prediction, then use the same settings in order to
produce the same prediction results.

3.2. Prediction Steps

The prediction steps followed by the software can
be seen below.

e The neural network is created with respect to
the initial parameters which are decided
manually or automatically by the user’s
preference.

o In the manual mode, the dataset is divided
as training and testing sections. The neural
network is created with respect the values
entered manually on the user interface.

o In the optimization mode, the training and
testing data division is similar to the manual
mode. In order to apply optimization, the
training data is also divided into sections
depending on the selected optimization
option. The feedback delays are generated
with respect to the training data indices
with the best autocorrelations. Subsequent
to the data preparation process and
feedback delay selection, the software
begins creating sub-networks, each of them
built by a unique hidden layer size. Finally,
the main network is created with the
number of neurons that yielded the best
performance in the sub-networks.

e The software opens a new window for
displaying the comparison between the
predicted values and the actual test data both in
a table and a line graph, along with the
calculated MAPE.

e The option to save the network settings is
presented to the user in the results screen.

In order to test the software, eight different
prediction models have been created using the
given data sets with different train/test split ratios.
Table 3 shows the testing results for each data set.
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Table 3. MAPE's for each data set

Data Set | Train-Test Ratio | MAPE
AlH 70-30 9.09
AlH 80-20 6.63
A5SM 70-30 5.53
A5M 80-20 3.24
B1H 70-30 6.20
B1H 80-20 4.30
B5M 70-30 8.06
B5M 80-20 6.90

3.3. Screen Shots

Figure 1 through Figure 5 show some screen shots
of the developed software.

Predict

Load Data Set
A1H.csv (1231 rows)

Train Rows: 1000
OR
Train Rate:
Q@ %80-%20
) 10-fold
Data Set AC

Figure 1. Adjustment of train-test ratio

Hidden Layer Size
@ Use One Layer "1 Use Interval (1-n)
8

(") Use Two Layers

(") Use Three Layers

Figure 2. Number of hidden layers and
neurons

Delay Selection

Option 1: Enter Manually (with commas)

@ 1,2,3,24,25 25

) Use1ton

Figure 3. Feedback delay selection
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Figure 5. User interface - 2
4. Conclusion

The purpose of this study is the development of a
new software based on machine learning and time
series analysis, which can predict the Internet data
traffic. The project has been developed using
MATLAB programming language and the Neural
Network Toolbox. The main options of the
software include the optimization of hidden layer
size, the number of hidden layers and the
feedback delays. The performance of each

prediction is calculated by using MAPE, which
has been used as the main error metric. Using four
different data sets consisting of time-series data,
the models produce prediction MAPE values
between 3.25 and 9.09. It can be concluded that
the software can be used for the network traffic
prediction within the acceptable error rates.
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Oz

Fiziksel uygunluk, belirli testlerle dl¢iilebilen saglik veya beceri ile ilgili bir dizi 6zelliktir. Fiziksel uygunlugu korumak
saglik ve esenlik i¢in ¢ok onemlidir. Ancak, fiziksel uygunlugun 6l¢iilmesi profesyonel ekipman, deneyimli personel ve
¢ok zaman gerektirdiginden, arastirmacilarin fiziksel uygunlugu belirlemek igin farkli yollara ihtiyaglart vardir. Bu
caligmanin amaci, Destek Vektor Makineleri (SVM), Radyal Tabanli Fonksiyon Sinir Agi (RBFNN) ve Aga¢ Artimi
(TB) gibi makine 6grenme yontemlerini kullanarak Tiirk ortaokul 6grencilerinin fiziksel uygunlugunu tahmin etmek
icin yeni tahmin modelleri gelistirmektir. Veri seti 30m hiz, 20m asama kosusu, denge ve ceviklik testlerinin
sonuglarindan olusan veriyi icermektedir. Tahmin modellerini gelistirmek i¢in kullanilan tahmin degiskenleri cinsiyet,
yas, boy, kilo, viicut yagi, 30 saniyedeki mekik ve sinav sayilarindan olusmaktadir. Tahmin modellerinin performansi
Ortalama Karesel Hata (RMSE) kullanilarak hesaplanmigtir. Sonuglar, SVM tabanli tahmin modellerinin, RBFNN ve
TB'ye dayanan diger modelleri geride biraktigin1 gostermektedir. Ayrica, fiziksel uygunluk tahmini igin viicut yagi,
mekik ve ginav gibi tahmin degiskenlerinin birlikte kullanilmasi durumunda sonuglar {izerinde 6nemli bir rol oynadigint
gosterilmistir.

Anahtar kelimeler: Fiziksel uygunluk, Makine 6grenmesi, Tahmin.

Abstract

Physical fitness is a set of attributes that are either health or skill-related which can be measured with specific tests.
Maintaining physical fitness is essential for health and wellbeing. However, since measurement of physical fitness
requires improved professional equipment, experienced staff and lots of time, researchers need different ways to
determine physical fitness. The aim of this study is to develop new prediction models for predicting the physical fitness
of Turkish secondary school students by using machine learning methods including Support Vector Machines (SVM),
Radial Basis Function Neural Network (RBFNN) and Tree Boost (TB). The dataset comprises data of various humber
of subjects according to the target variables such as the test scores of the 30m speed, 20m stage run, balance and
agility. The predictor variables used to develop the prediction models are gender, age, height, weight, body fat, number
of curl-up and push-ups in 30 seconds. Root Mean Square Error (RMSE) has been utilized to assess the performance of
the prediction models. Based on the results we can conclude that SVM based prediction models outperform other
models based on RBFNN and TB. Also, the predictor variables body fat, push-up and curl-up play a significant role
when used all together for physical fitness prediction.

Keywords: Physical fitness, Machine learning, Prediction.
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1. Introduction

Physical fitness is a state of health and well-being
and, more specifically, the ability to perform
aspects of sports, occupations and daily activities.
Physical fitness plays an important role in our
lives and can improve our health and reduce the
risk of developing several diseases like type 2
diabetes, cancer and cardiovascular disease.
Fitness education and student fitness assessments
offer students an opportunity to assess, track, and
improve their fitness level (Hoffman, 2006).
However, physical fitness assessment using test
protocols  requires  improved  professional
equipment, experienced staff and lots of time.
Therefore, several physical fitness prediction
models using statistical and machine learning
methods have been proposed in literature. In
(Ahmed and Loutfi, 2013), Case-Based Reasoning
(CBR) approach to identify physical activity of
elderly based on pulse rate has been proposed.
The CBR approach has been compared with the
two popular classification techniques including
SVM and Neural Network (NN) on 24 subjects. In
(Dijkhuis, Blssuw, Ittersum and Aiello, 2018), an
activity tracker to record participants' daily step
count has been used as input for a coaching
session. The gathered step count data was used to
train eight different machine learning algorithms
to make hourly estimations of the probability of
achieving a personalized, daily steps threshold for
the number of 48 subjects. In (Fergus et al., 2015),
a supervised machine learning approach has been
adopted by a set of activities and features suitable
for measuring physical activity and evaluates the
use of a Multilayer Perceptron neural network for
the number of 28 subjects. In (Reichherzer et all.,
2017), the data analysis methods have been used
to train a classifier for records with the
individuals, their physical activities, and
conditions under which they were performed.
Four different machine learning algorithms that
Decision Tree (DT), Random Forest (RF), SVM,
Naive Bayesian (NB) methods were used to make
predictions for 29 participants.

The limitations of the studies in literature are as
follows: All the studies concentrate on classifying
physical activity levels rather than predicting the
actual test results. As we can observe from
literature reviews, the number of subject in the
datasets is limited (less than 50) and the
developed models require the subject to complete
several exercises in order to have physical activity
level rates.

In this study, the dataset which is covering
approximately 400 subjects, was analyzed using
rigorous data science techniques, which led to an
improved understanding of activity types and
features. A series of machine learning analyses
were performed to develop improved prediction
accuracy. Unlike previous studies, the predictor
variables and the prediction methods were
expanded to have more comprehensive prediction.
This study proposes to develop new prediction
models for Turkish secondary school students by
using SVM, RBFNN and TB.

2. Dataset Generation

The dataset comprises of different number of
subjects depending on the target variables of
healthy secondary school students. Different
physical exercise tests were applied on the
subjects for measuring their physical fitness. A
consent participant form was signed by all
subjects participating in this study. Participants
were assigned to perform the following core
stabilization assessments 30 meter (m) Speed,
20m Stage Run, Balance and Agility Tests to
predict physical fitness.

3. Results and Discussion

Three different machine learning methods
including SVM, RBFNN and TB have been
employed in order to develop physical fitness
prediction models. SVM is a state-of-the-art
regression method which is widely utilized in
many application areas due to its high accuracy
(Chuang et al., 2011; Wang, 2005; Abut et al.,
2015). RBFNN is a particular type of neural
network and is becoming an increasingly popular
neural network with diverse applications. RBFNN
consists of three layers: an input layer, a hidden
(kernel) layer with a non-linear RBFNN activation
function and a linear output layer. The nodes
within each layer are fully connected to the
previous layer (Hannan et al., 2010). The TB is a
technique for improving the accuracy of a
predictive function by applying the function
repeatedly in a series and combining the output of
each function with weighting so that the total error
of the prediction is minimized.

Eight prediction models have been produced by
using combinations of the predictor variables.
RMSE, the equation which is given below, has
been used to assess the performance of the
prediction models.
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RMSE =
1)
In (1), Y is the measured value, Y' is the predicted
value, and n is the number of samples in a test
subset.

Table 1. Physical fitness prediction models

Table 1 shows the physical fitness prediction
models. Table 2 shows the results for each model.

Model Number

Predictor Variables

Gender, Age, Weight, Height

Gender, Age, Weight, Height, Curl-up

Gender, Age, Weight, Height, Push-up

Gender, Age, Weight, Height, Body Fat

Gender, Age, Weight, Height, Curl-up, Push-up

Gender, Age, Weight, Height, Curl-up, Body Fat

Gender, Age, Weight, Height, Push-up, Body Fat

XN |01 D|W N =

Gender, Age, Weight, Height, Curl-up, Push-up, Body Fat

Table 2. RMSE values of physical fitness prediction models

Model 30m Speed (s) 20m Stage Run (s) Balance (s) Agility (s)
No
SVM | RBF B SVM | RBF | TB | SVM | RBF B SVM RBF B
1 051 | 055 | 0.58 211 | 217 | 217 | 665 | 741 | 985 | 1.76 1.83 1.86
2 047 | 053 | 0.50 206 | 213 | 214 | 660 | 6.99 | 9.83 | 163 2.48 1.72
3 0.49 | 050 | 0.53 207 | 217 | 211 | 662 | 7.10 | 9.82 | 1.68 1.87 1.75
4 048 | 051 | 054 206 | 222 | 222 | 6,70 | 6.94 | 9.80 | 1.74 1.87 1.85
5 044 | 0.47 | 0.46 204 | 214 | 209 | 662 | 765 | 9.81 | 158 1.69 1.64
6 0.44 | 0.48 | 0.47 204 | 214 | 216 | 6.67 | 743 | 9.84 | 161 1.76 1.72
7 0.46 | 058 | 0.49 205 | 218 | 215 | 6.62 | 7.44 | 9.81 | 168 1.84 1.76
8 043 | 0.49 | 0.45 203 | 222 | 212 | 6.63 | 9.69 | 9.80 | 159 1.90 1.65

SVM based models usually outperform RBFNN
based and TB based models by yielding lower
RMSE’s. The worst performance has been
observed in TB based models. The predictor
variables number of curl-up and push-ups in 30
seconds and body fat play a significant role in
physical fitness prediction.

4. Conclusion

This is an initial study showing that SVM is a
viable method that can be safely used to predict
the physical fitness of Turkish secondary school
students. In this context, several models have been
developed to predict the results of 30m Speed,
20m Stage Run, Balance and Agility tests.
However, future work is definitely required to
improve the accuracy of physical fitness
prediction models. Future work will include

developing deep learning based physical fitness
prediction models as well as integrating feature
selection algorithms.
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Abstract

The strength of hamstring and quadriceps muscles plays an important role for athletes and sportspeople in determining
their performance. The purpose of this study is to predict the hamstring and quadriceps muscle strength using Multiple
Linear Regression (MLR). The dataset used for this study includes the data of 70 athletes consisting of the features
gender, sports branch, height, weight and age, as well as the hamstring and quadriceps muscle strength values measured
with two types of activities (static training and classic training) used as the target variables. MLR has been used for the
development of prediction models using different types of validation options including cross-validation and random
percentage data split. The Root Mean Square Error (RMSE) has been utilized as the main error metric for evaluating the
performance of the prediction models. The RMSE values of the prediction models range between 14.91 and 32.41 Nm,
showing that in addition to machine learning methods, MLR can also be used for predicting the hamstring and
quadriceps muscle strength with acceptable error rates.

Keywords: Multiple linear regression, Hamstring, Quadriceps, Prediction

Oz

Hamstring ve Kuadriseps kas gruplarimin giicii, atletler ve sporcularin performanslarmin degerlendirilmesi igcin 6nemli
bir rol oynamaktadwr. Bu c¢alismanin amaci, Hamstring ve Kuadriseps kas giiciiniin Coklu Dogrusal Regresyon
(Multiple Linear Regression, MLR) kullanilarak tahmin edilmesidir. Bu ¢alisma icin kullanilan veri seti 70 sporcuya ait
cinsiyet, spor dali, boy, agirlik ve yas bilgilerinin yani sira hedef degiskenleri olarak iki tip fiziksel aktivite (statik
antrenman ve klasik antrenman) ile olgiilen hamstring ve kuadriseps kas giicii degerlerinden olugmaktadir. Tahmin
modellerinin olusturulmasinda MLR ile birlikte ¢apraz dogrulama ve rastgele veri dagilimi olmak iizere farkl
dogrulama secenekleri kullanmilmistir. Tahmin modellerinin degerlendirilmesi amaciyla Ortalama Karesel Hata (Root
Mean Square Error, RMSE) degerleri hesaplanmistir. RMSE degerlerinin 14.91ve 32.41 Nm olarak degismesi,
MLR nin kabul edilebilir hata oranlariyla, hamstring ve kuadriseps kas giiciiniin tahmininde makine ogrenme
yontemlerine alternatif olarak kullanmilabilirligini géstermektedir.

Anahtar kelimeler: Coklu dogrusal regresyon, Hamstring, Kuadriseps, Tahmin
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1. Introduction

Muscular strength is a term that is used to explain
the amount of force which can be applied by a
muscle against a resistance in a single effort
(Akay et. al., 2017). The strength that a muscle
can produce during activities can be important in
many cases such as athletism, team sports and any
type of personal training or physical movement.
Especially in sports, the strength of the hamstring
and quadriceps muscles has a critical effect on the
performance, speed and stamina of sportspeople
(Sow et. al., 2017).

The absolute measurement of the strength of
hamstring and quadriceps muscles can be made in

Table 1. Literature review

the laboratories specifically designed for this
purpose using advanced isometric devices called
isokinetic dynamometers (Sow et. al., 2017).
Although this method gives very accurate results,
it requires expensive equipment, lots of time and
trained staff while measuring the muscle strength.
Therefore, the usage of prediction models would
be a better choice than the direct measurement.

There have been several studies carried out in
literature about the prediction of muscle strength
using MLR or machine learning methods, as
shown in Table 1.

Study Year Method Measured Strength Metric Value
Abadie et al. 2000 MLR CPS, SPS, KES R 0.94
Horvat et al. 2003 MLR Bench Press R 0.91
Harbo et al. 2012 MLR Knee, Shoulder, Hip, R 0.79

Ankle, Elbow and
Muraki et al. 2013 MLR KES R 0.57
Sow et al. 2017 SVM Hamstring & RMSE 15.19
Quadriceps Muscles
Akay et al. 2017 SVM Hamstring & RMSE 15.55
Quadriceps Muscles

CPS, Chest Press Strength; KES, Knee Extension Strength; MLR, Multiple Linear Regression; RMSE, Root
Mean Square Error; R, Multiple Correlation Coefficient; SVM, Support Vector Machines; SPS, Shoulder

Press Strength.

This study proposes to develop new prediction
models for determination of hamstring and
guadriceps muscle strength with the usage of
MLR, with similar or better error rates as in the
studies in literature. Eight different prediction
models have been built using gender, sports
branch, height, weight and age as predictor
variables while the measured strength of
hamstring and quadriceps muscles during
different types of training as the target variables.
The RMSE’s produced by the prediction models
vary between 14.91 Nm and 32.41 Nm.

The rest of the paper is organized as follows.
Section 2 describes dataset generation. Section 3
presents results and discussion. Finally, Section 4
concludes the paper.

12

2. Dataset Generation

In order to create prediction models, the data of 75
college-aged athletes has been used. The muscle
strength values which have been used as the target
variables are measured with the help of different
physical activities including a light run for 5
minutes (classic training, CT), a 5-minute light
run followed by 4-minute active stretching (static
training, ST), as well as the static training
followed by 5 and 15-minute resting periods (ST-
5min and ST-15min).

Table 2 shows statistics of the dataset.
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Table 2. Statistics of the dataset

Feature Minimum Maximum Mean Star?da_\rd
Deviation
Gender 0 1 - -

Sports branch 0 16 5.94 4.67
Height (m) 1.57 2.02 1.71 0.07
Weight (kg) 45 93 62.04 11.27
Age (Year) 19 38 21.78 3.06
MO1 (Nm) 50.10 195.90 111.84 36.10
M11 (Nm) 61.20 197.70 111.61 36.44
M21 (Nm) 56.70 202.20 112.59 36.53
M31 (Nm) 46.50 194.60 113.16 36.44
MO02 (Nm) 72.20 285.20 154.77 54.80
M12 (Nm) 85.20 278.10 157.01 54.41
M22 (Nm) 85.70 301.20 161.76 56.62
M32 (Nm) 83.40 280.20 157.88 51.95

MO01, Hamstring strength (CT); M11, Hamstring strength (ST); M21, Hamstring strength (ST-5min); M31,
Hamstring strength (ST-15min); MO02, Quadriceps strength (CT); M12, Quadriceps strength (ST); M22,
Quadriceps strength (ST-5min); M32, Quadriceps strength (ST-15min)

3. Results and Discussion

In this study, eight different prediction models
have been built with respect to the muscle type
(hamstring and quadriceps) and the type of
physical activity (CT, ST, ST-bmin and ST-
15min). Five validation options including no
validation, 5-fold cross-validation, 10-fold cross-
validation, 70-30% random data division and 80-
20% random data division have been applied,
which vyields a total number of 40 evaluations
overall.

Comparison of the models has been made by
calculating the RMSE of each model. Figure 1 and
Figure 2 show the visual comparison of the
RMSE’s of the prediction models.

30.000

25.000

20.000
EMOL

mMI11
M21
EM31

15.000

10.000

5.000

[

5-fold

10-fold 80-20 70-30  No val.

Figure 1. RMSE values of hamstring muscle
strength prediction models
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35.000

30.000

25.000
mMO02
mMI12

M22
mM32

20.000

15.000

10.000

5.000

5-fold

10-fold 80-20 70-30 No val.

Figure 2. RMSE values of quadriceps muscle
strength prediction models

e According to the RMSE of each prediction
model, it has been observed that in general, the
models which are used for prediction of
hamstring muscle strength yield better results
than the ones used for predicting quadriceps
muscle strength. The models from M01 to M31
give a mean of 1895 Nm as RMSE for
hamstring muscle strength prediction while the
models from M02 to M32 give 24.13 Nm for
quadriceps muscle strength prediction.

e Among the prediction models, model MO01
generates the lowest arithmetical mean RMSE
with 18.03 Nm while the highest arithmetical
mean RMSE belongs to the model M02 with
26.19 Nm.
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e When the RMSE’s with the validation methods
are compared to the ones with the No
Validation option, the minimal shrinkage is
caused by 10-fold cross-validation most
frequently, in 5 out of the 8 models, ranging
between 6.89% and 9.74%.

e The best prediction performance among the
hamstring muscle strength models is given by
model MO1 with an average value of 18.03 Nm
while the average RMSE value, 21.95 Nm, for
the quadriceps strength is generated by model
M32. This comparison shows that the type of
training which leads to the best prediction
performance is CT for hamstring muscle
strength and ST-15min for quadriceps muscle
strength.

e Among the models built by using the
validation methods, M01 performs the most
accurate prediction for hamstring muscle
strength with the usage of 10-fold cross-
validation and by classic training, with a mean
RMSE of 16.194 Nm.

e The highest RMSE values, 32.41, 30.72 and
28.44 Nm are produced by the models M22
(70-30%), M02 (70-30%) and MO02 (80-20%),
respectively, all built with the usage of random
data division options.

4. Conclusion

This study has been carried out in order to create
MLR-based models for prediction of hamstring
and quadriceps muscle strength. Eight different
models have been built with respect to the type of
muscle group (hamstring and quadriceps) as well
as the type of physical exercise (static or classic
training, with or without rest). The study showed
that the hamstring muscle strength prediction
models are more accurate than the ones used for
the quadriceps muscle strength, and also that the
most favorable validation method for this purpose
is 10-fold cross-validation while the target
variables which yield more accurate predictions
are CT and ST-15min for the hamstring and
guadriceps muscle groups, respectively. The
RMSE’s vary between 14.91 Nm and 32.41 Nm,
which shows that the hamstring and quadriceps
muscle strength can be predicted with the usage of
MLR with acceptable error rates.
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Abstract

An improved design software-based replica correlator method within the microprocessor-controlled sonar buoy systems
has been proposed which improved the performance of detecting objects underwater. In the sea or ocean, the
microprocessor-controlled buoy is provided to be automatically wirelessly scan for removal of underwater information
and transmit it wirelessly to the main control station for additional processing and ultimate decision. In this study, sonar
buoy performance and system design proposal with 7-31 cell replica correlation are presented. Although the digital
delay lines are used to minimize the complexity of hardware-based replica correlator, the proposed software replica-
correlated system within microprocessor-controlled buoys, has improved the performance.

Keywords: Buoy, microprocessor control, replica correlation, sonar, underwater surveillance

(04

Sualtinda bulunan nesneleri gozetlemek amaciyla uygulanan mikroislemci kontrollii sonar samandwra sistemlerinin
performanst i¢in gelistirilmig bir tasarim yaklasimi énerilmistir. Denize veya okyanus igerisinde, mikroislemci kontrollii
samandira, sualti bilgisinin ¢ikarilmast igin otomatik olarak taranmasi ve daha ileri islem ve nihai kontrol eylemi
saglanmasi amaciyla bir uzak yer istasyonuna kablosuz olarak iletilmesi saglanr. Bu ¢alismada, 7-31 hiicre replika
korelasyonunu iceren sonar samandira performansi ve sistem tasarim taslagi sunulmugstur. Donanmimsal replika
korelatoriiniin karmasikligi, dijital gecikme kanallart kullanilarak en aza indirilmesine ragmen, onerilen mikroiglemci
kontrollii samandira, yazilim araciligiyla replika korelasyonu gerceklestirilmis ve gelistirilmis sistemle performans
artirilmistir.

Anahtar Kelimeler: Samandra, mikroislemci kontroller, replika korolasyon, sonar, sualti gézetim
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1. Introduction

The sonar buoys systems, which is placed on the
surface of the ocean is used to detect the object
and get continuously present information for a
long time. The noise types that affect the sonar
system performances are impulse noise and
colored noise. The presence of these noises affects
the detection process in letting the systems to
generate false alarms under different ambient
conditions. The SNR values are decreased by the
attenuation of the acoustic wave in the medium
and the limited power output for wave transmitted
by transducer. Detection of targets is an important
concern in radars and sonars. In this aspect several
approaches have been attempted (Skolnik, M.I.,
2000; Sarkar, N., 2004; Taub, H., Saha, G. and
Schilling, D. L., 2008) in the past. In pulse type
systems, one approach to improve the detection

process is to apply replica correlation
(Balasubramanian, K. and Arica, S. ,1993;
Balasubramanian, K.,  Camur, H. and

Rajaravivarma, 1999; Balasubramanian, K., 2000,

2005, 2006). As a further attempt improving the
design considerations of the replica correlation
detection is now reported.

2. Replica Correlator

Replica correlation technique in radars and sonars
is used to improve the probability of signal
detection. The transmitted acoustic pulse consists
n cells packet. In the proposed model ‘n’ is chosen
optimal pattern look-up table as lies between 7
and 31. The cells pattern is evaluated as a bit
stream design + or 0 showing in-phase and — or 1
showing the out-phase of the Continuous Wave
(CW) sinus wave incurring a phase shift of 180°.
This technique involves in using binary phase
shift keyed signal as a packet incorporated in the
duration of the on-going pulse. Figure 1(a) shows
the phase shift keyed signal pattern
(Balasubramanian, K., 2000) present during the
pulsing period. Figure 1(b) shows the block
diagram of the replica correlator code encodes for
carrier signal to receiver.

1.00 A
0.75 A
0.50

0.25 - (118 B L

0.00 -
—0.25 i

—0.50 A

Voltage-level

—0.75 A

—1.00 A

2000

CODE MODULATOR

3000

(@)

i

4000 5000 6000 7000

t

BPSK MODULATOR

sinwet or —sinwgt

~&

Pulse
0100111

Replica Codes

(b)

l sin wpt

Carrier
Oscillator

Figure 1. Replica correlation (a) CW coded signal binary phase shift keying. (b) block
diagram of replica code encoded carrier signal.
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The echo Binary phase shift keyed signal pass
through and propagates up to the end of the delay
channel (Balasubramanian, K. and Cihan, K,
1994; Balasubramanian, K., Gayathri,K.B. and
Camur,H., 1999) with taps located at seven
regular intervals. Each tap is connected with a
DAC (Digital to Analogue Converter) to get the
analogue equivalent of the delay produced in
respective taps. Internally, analogue inverters are

connected at taps 4, 5 and 7 such that inversion
takes place in the reverse order {1 0100 1 0} of
the transmitted pattern. When the incoming signal
reaches the last cell, at the instant of traversing it,
the signal gets boosted up n times of the original
amplitude. Figure 2 illustrates Replica correlated
output for AT-7 Cell Pattern. The target is
detected by comparing the signal amplitude with
an appropriate threshold.

7-Cells Replica Correlation output

o w

Voltage-level

!
o

0 100 200

300

400 500 600 700

Figure 2. Replica correlated output for AT-7 cell pattern

3. Replica Correlator Algorithm Design

On the basis of replica correlation automatic cell
pattern setting is an important concern for easy
detection of targets. This pattern gets the signal
boosted up in the last cell and suppresses it at
lowest possible level in all other cells. The
software finds the signal levels during n-pulse
periods for all the set patterns and assesses the
best pattern needed for the given n. Figure 3 and
Figure 4 illustrate how to calculate the magnitude
and cell pattern control function. Embedded
software defined radio (SDR) module uses
optimal pattern for given n-cells packet for
SONAR buoys for custom needs.

K =Yh=1Dn X(i+1-n) 1)
if x; indicates the bi-phase worth of the received
signal falling in i" cell and p, indicates the
polarity of the amplifier connected to the j™ faucet
of the electrical circuit the output completed at the
summing amplifier at numerous cells throughout
the propagation of the signal within the electrical
circuit is expressed in (1) whereby K; indicates the
amplitude of the summing amplifier at the i" cell
of the incoming signal. n-cell pattern K;
calculation Lower Triangular Matrix algorithm is
designed and implemented as given in Figure 5.

Amplitude Calculation

1 0 0 0 0 0 0 0 0 0 0

1 1 0 0 0 0 0 0 0 0 0

1 1 1 0 0 0 0 0 0 0 0
" 1] -1 -1 -1 0 0 0 0 0 0 0
8 1 1 -1 -1 -1 0 0 0 0 0 0
qa 1 1 1 -1 -1 -1 0 0 0 0 0
c 1] -1 -1 -1 1 1 1 0 0 0 0
8 1 -1 1 1 1 -1 -1 -1 0 0 0

1 1 -1 1 1 1 -1 -1 -1 0 0

1 -1 -1 1 -1 -1 -1 1 1 1 0

1 -1 1 1 -1 1 1 1 -1 -1 -1
T i1 o 4 o 4l ol al ol al ol af

Figure 3. K calculation by lower triangular matrix for 11-cells pattern
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Start

Setn=7 Setting & Declaration i i
Pattern=010011 — 7 - {;A“tose'eCt’O” Bigontin
while (true) {
INV],={-1,1,-1,-1,1,1,1 Calculation of
[ 1= } S— Inverter Vector [inv], if (threshold ==7)
% O Creation of Parallel Shift e TARGE*Z;**
[PSR]7X7= : : :> Register Matrix [PSR]nn DETECTED
i ww 4
elseif (SNR > n(SNR, (7))
1 . 0 Generation of Result Matrix then
[RM];,7= [ ; : ] —_ [PSR]nn X [inv]y = [RM]neq n = lookup(Pattern,n)
—f e =4
Compute column SUM of }
[RM]nn

[Kl=[-1,0,-1,0,—1,0,7] =—) Calculate [Ki],

Figure 4. Sonar buoy SDR system block diagram and detection process.

Set _PATTERN_;
int N = _PATTERN_.Length ;

var _INV_ = new int[N + 1]; //InvereterVector
var _PSR_ = new int[N + 1, N + 1]; //ParallelShiftRegister Matrix
var _AMP_ = new int[N + 1, N + 1]; //Aplitude Matrix

var _Ki_ = new int[N + 1]; //Ki Result
int j=0, k=0;
for (int col = N=1; col >= 0; col--=) {
for (int row = (N-1) = col; row >= 0; row—-) {
_PSR_[j, k] = _INV_[row];

if (_PSR_[j, kIl == 0) _PSR_[j, k] = -1;
k++; }

k=20, =0;

j++; }

// Creating Lower Triangual Matrix
for (int col = N; col >= 0; col——) {
for (int row = N - col; row >= 0; row—) {
_AMP_[j, k] = _PSR_[j, k] % _INV_[N - coll;

k++; }
k = 0;
j++; b

// _Amplitude binnary Matrix calculation
for (int col = 0; col <= N; col++) {
for (int row = 0; row <= N; row++)
_Ki_[coll += _AMP_[row, coll; //calculated output levels Ki index voltage

}

Figure 5. Algorithm for Ki replica pattern calculation
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Table 1. gives optimum cell pattern for selected
lengths ranging from 7 to 31 cells and presents the

Table 1. Optimal cell patterns for look up table

Cell  Optimal-Cell Pattern
Density n
7 0100111

9 111001101

11 10110111000

13 1111100110101

15 101011001100000

17 11110001000100101

19 1000010000101110100
21 111111000110010010101

23 10000100001000101110100

25 1111110001110010010010101

27 111000011101110111011010010

29 10001011000101100001001111011
31 1110111001110000101101100100010

4. Dynamic Setting of Cells Length for Custom
Needs References

Depending upon the requirements, as demanded
by the situation, our software automatically finds
the optimal pattern n and sets the packet as 7-cell
pattern under low range and low noise
environment or even 31-cell pattern under long
range noisy environment. Considering an
application of sonar buoys (Balasubramanian, K.,
2006) launched in the sea or ocean for underwater
exploration the selection of the value of n helps in
optimizing the system performance. Figure 6.
shows simplified block diagram of a sonar buoy.

1 PZT

/ (Piezoelectric
> |:|| Transducer )

Osc | Controlled
Inverter

nt
Micro-controller
—

» Power
amp &
Trans

+ Replica =|] Stepper
Correlation
T— Amp !I:H
Figure 6. Simplified schematic of sonar

transceiver

Herein nt indicating the type number of the buoy
is given as an input to microcontroller, which in
turn finds best cell density number (n) from a
lookup table available in memory and calls the
algorithm to set the cell pattern. The pattern is
sending serially to a controlled inverter to
generate the BPSK signal (Balasubramanian, K.,
1998) accordingly. The source for CW input is a
phase set oscillator (Osc). The BPSK generated is
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voltage level (Kuren, E., and Cellatoglu, A.,
2017).

Voltage
Level

[E=Y

G WWWWWwWwwwrErkErFrkrw

power amplified and fed to a transmitter
Piezoelectric Transducer (PZT) for producing
acoustic wave in under water medium. The
reflected acoustic wave from a target is picked by
receiver PZT and amplified. The processes of
finding the envelope of the replica-correlation
output, threshold detection and range estimation
are all done in microcontroller. Also, the
microcontroller issues drive signal to stepper
motors driving the PZTs for producing angular
sweeping of the acoustic beam. In reality, a set of
buoys is thrown in sequence in a selected area for
underwater exploration. Depending upon the
distance from the shore, the buoy needs a
particular cell density n for achieving optimal
requirements. The value of nt need be fed into
software in accordance with the type of buoy
thrown at that instance.

5. Probability of Detection and Performance
Analysis

The probability of detection depends on the
probability of false alarm and the signal to noise
ratio (Skolnik, M.l.,, 2000; Kuren, E., and
Cellatoglu, A., 2017) of received signal. In
addition, the level of the received signal plus
noise depends on the number of cells n present in
the transmitted pulse packet. The relationship
between the probability of detection and n is
almost linear. Therefore, with the larger n
detecting the desired target on a threshold would
be easy. This is seen in Figure 2. The sonar buoy
works in underwater sea or ocean where the level
of background noise is unknown. More noise
would be added up with the signal when the
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distance of the target increases. Therefore,
detection performance of targets under the
coverage of desired range would be important.
Figure 7. and Figure 8. show the performance

under different ranges of noisy environment.
Gaussian Noise (AWGN) is added to the signal
and performance is evaluated.

Received Signal AWGN Noise (y =y + n)

2 o5
9
& 0.0
8
-g _2‘5 L T T T T T
0 200 400 600 800
t(s)
9-Cells Replica Correlated output
3 101
& 01
&
S —10
> T T T T T
0 200 400 600 800
t(s)
Figure 7. Performance evaluation with Gaussian noise (AWGN SNRy,=0) is added to transmitted
signal.
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Figure 8. Performance analysis replica correlated output under different noise environment. (a)
31-cells pattern with 200% noise. (b) 31-cells pattern with 400% noise. (c) 31-cells pattern with
600% noise. (d) 31-cells pattern with 800% noise

6.Conclusion

In certain  microprocessor-controlled target
detection systems replica correlation technique is
used with hardware-based control as well as
software-based control.  The hardware-based
replica correlation employs digital delay line and
becomes complex in complexity when the cell
density n increases. The software replica
correlation on the other hand uses FIFO memory
to gather the data required for processing. While
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processing is performed almost instantaneously
there is a very small delay is introduced in
software method for processing. Nevertheless,
with recent high-speed processors the time delay
becomes negligible value. The complexity
contributed in software method is mainly due to
the growth size of FIFO memory occupying larger
memory space. With the latest technological
developments available in practice the complexity
and cost factor would decrease well compared to
hardware methods.



Kiiren ve Cellatoglu | GUFBED CMES (2018) 15-21

References

Balasubramanian, K., 1998.Binary phase shift
keying generator. Electronics World,
104(1744), 300.

Balasubramanian, K., 2000. Replica correlation
detection. Electronics World, Vol 106, No
1767, p. 238-240.

Balasubramanian, K., 2005. Design
Considerations of Portable Sonar and
Ground Station Sonar for Improved System

Performance. The 3rd International
Conference on Computing,
Communications and Control

Technologies, July 24-27, Austin, Abstract.

Balasubramanian, K., 2006. Sonar Buoys: an
Improved Design Approach. Proceedings of
the 3rd International Conference on
Informatics in Control, Automation and
Robotics. Setubal, Portugal, p. 161-167.

Balasubramanian, K. and Arica, S. ,1993. On the
synthesis of a nine-point replica correlator
for a sonar. Proceedings of the International
Symposium on Signals Circuits and
Systems, lasi, Romania, 148-151.

Balasubramanian, K. and Camur, B. ,2002. On the
development of replica correlation software
for improving the probability of detection.
Proceedings of the 6th World Multi
conference on Systemics, Cybernetics and
Informatics, Orlando, 9, p. 437-441.

21

Balasubramanian, K. and Cihan, K., 1994. An
intelligent digital delay line for replica
correlation. Proceedings of the International
Conference on Robotics, Vision and
Parallel Processing  for Industrial
Automation, Malaysia, p. 191-197.

Balasubramanian, K.,  Camur, H. and
Rajaravivarma, 1999., Replica Correlation
Technique for Improving the SNR of

Digitally  Transmitted signals. IEEE
SoutheastCON  Conference,  Lexinton,
Kentucky.

Balasubramanian, K., Gayathri, K.B. and Camur,
H., 1999. Voltage Control for a Digital
Delay Line. Electronics World, 105(1762),
826.

Kuren, E., and Cellatoglu, A., 2017. Optimal cell-
pattern setting algorithm for
communications  systems.  Electronics
World, 123(1977), 32-34.

Sarkar, N., 2004. Elements of Digital signal
processing: New Delhi, Khanna Publishers,
775p.

Skolnik, M.l.,, 2000. Introduction to Radar
Systems: New York, McGraw Hill, 590p.

Taub, H., Saha, G. and Schilling, D. L.
2008. Principles of Communication
systems: New Delhi, Tata Mc-Graw Hill,
884p.



GUFBED/GUSTIJ (2018) CMES 2018 SEMPOZYUM EK SAYISI: 22-30
DOI: 10.17714/gumusfenbil 432302 Aragtirma Makalesi / Research Article

Karayolu Kaplamalarinin Sonlu Elemanlar Yéntemi Ile Analizinde Gerilme-
Birim Sekil Degistirme Davranisina Etki Eden Parametrelerin Incelenmesi

Investigation of Finite Element Method Parameters Affecting the Displacement Behaviour
of Highway Pavements

Murat BOSTANCIOGLU"
jnwat Miihendisligi Béliimii, Miihendislik Fakiiltesi, Cumhuriyet Universitesi, Sivas, TURKIYE

* Gelis tarihi / Received: 08.06.2018 « Diizeltilerek gelis tarihi / Received in revised form: 27.09.2018  « Kabul tarihi / Accepted: 01.10.2018

Oz

Esnek kaplamalar bitiim ve graniiler malzemeler ile insa edilen bir iist yapi tirlidir. Esnek st yapilarin
projelendirilmesinde kullanilan yontemler; ampirik yontemler, kayma go¢mesi sinirlama yontemi, deplasman siirlama
yontemi, regresyon yontemi ve mekanistik ampirik yontemler olarak bes kategoriye ayrilabilir. Bu yontemler arasindan
geleneksel ampirik yontemlerden mekanistik ampirik dizayn yontemlerine dogru bir yonelme s6z konusudur. Kaplama
tabakalariin heterojenligi, dinamik ve tekrarli yiikkleme kosullari gibi sebeplerle aragtirmacilar ¢aligmalarini sonlu
elemanlar yontemi ile yapmayi tercih etmektedir ancak sonlu elemanlar modelinin 2 veya 3 boyutlu olarak
tanimlanmasi, yiikleme kosullari, tabakalar arasi temas durumlar1 ve formiilasyonlari, 1zgara boyutlari, sinir kosullar1 ve
model boyutlar1 gibi parametreler sonuglar iizerinde 6nemli bir etkiye sahiptir. Bu ¢aligmada kaplama, temel ve alt
temel tabakalarindan olusan geleneksel bir iist yap1 kesiti iizerinde statik yiikleme kosullar1 altinda kaplama tepkilerini
etkileyen parametreler incelenmistir.

Anahtar kelimeler: Esnek iist yapilar, Kaplama tepkileri, Mekanistik-ampirik dizayn, Sonlu elemanlar yontemi

Abstract

Flexible pavements are a type of superstructure constructed using bitumen and granular materials. The methods used in
the design of flexible pavements can be examined in five categories. Empirical methods, limiting shear failure methods,
limiting deflection methods, regression methods and mechanistic-empirical methods. There has been a dramatic change
in the design methods for flexible pavements from the early purely empirical methods to the modern mechanistic-
empirical methods. Due to the heterogeneous pavement layers and dynamic and cycling loading instead of static
loading, researchers diverted their research to the finite element method, which provides a better solution in the
dynamic analysis of pavements while considering the heterogeneity. However, in finite element method, parameters
such as the definition of the model as 2D or 3D, the loading condition, the types and formulation of contact between
layers, size of mesh, boundary conditions and dimensions of the model have a significant effect on the results. In this
study, finite element model parameters affecting the pavement responses under static loading were investigated on a
typical superstructure configuration consists pavement, base and subgrade layers.

Keywords: Flexible pavements, Pavement responses, Mechanistic-empirical design, Finite element model
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1. Giris

Esnek kaplamalar bitiim ve graniiler malzemeler
kullanilarak insa edilen bir iist yap1 tipidir. Esnek
iist yapilarin tasariminda kullanilan yontemler bes
kategoride incelenebilir.  Bunlar;  kaplama
kalmligmmi tabakalarin Kaliforniya tasima giicii
oran1 (CBR) ile iliskilendiren ampirik yontemler,
kaplama kalinlig1 hesabinda kayma gd¢mesini ve
taban zemini veya ylizey deplasmanini sinirlamayi
prensip olarak alan “kayma gd¢mesi sinirlama” ve
“deplasman smirlama” yontemleri, iilkemizde
Karayollar1 Genel Miidiirliigii tarafindan esnek iist
yapilarin projelendirilmesinde kullanilan
AASHTO yonteminin de icinde yer aldigi
kaplama performansina veya yol testlerine bagh
regresyon yontemleri ve mekanistik-ampirik
yontemler olarak siralanabilir.  Giinlimiizde
kaplama tasariminda, sadece smirli sayida
malzeme, yiik ve gevresel etkiler ile yapilan yol
testlerinden elde edilen verileri kullanan ampirik
yontemlerden mevcut trafik ve ¢evre etkileri
altindaki kaplamanin tepkilerini (gerilme, sekil
degistirme, deplasman) mekanik teoriler ile
hesaplayan mekanistik-ampirik yontemlere bir
yonelme s6z konusudur (Huang, 2004; Zheng vd.,
2012; Lu vd., 2014; Ahmed ve Erlingsson, 2016).

Burmister’in elastik teorisi mekanistik-amprik
yontemler arasinda en pratik ve siklikla kullanilan
yontem olarak bilinmektedir. Bu teorinin amaci
kaplama tabakasi altindaki yatay c¢ekme birim
sekil degistirmelerini ve taban zemini iizerindeki
diisey basmng birim sekil degistirmelerini
sinirlamaktir ~ (Huang, 2004; Ahmed ve
Erlingsson, 2016). Yontemde tabakalarin sabit bir
elastisite modiilii (E) ve poisson oranina sahip (v)
homojen, izotropik ve lineer elastik oldugu,
malzemelerin agirliksiz, tabakalarin en alt tabaka
hari¢ sonlu kalinlikta (en alt tabaka yari sonsuz)
ve yikiin dairesel bir alana uniform olarak etki
ettigi kabulleri yapilmaktadir. Burmister yontemi
modifiye edilerek viskoelastik veya non-lineer
elastik malzemelerden olusan tabakali yapilarin
analizinde de kullanilmaktadir (Huang, 2004;
Zheng vd., 2012).

Karayolu st yapi tabakalarinin idealden uzak
heterojen davranislari, trafik yiklerinin dairesel
yerine farkli geometrideki temas yiizeyleri iizerine
etki etmesi ve bu yiiklerin statik yerine dinamik ve
tekrarli olmasi, dikdortgensel kesitler yerine daha
kompleks geometriler ve sinir kosullari ile ¢aligsma
zorunluluklar1 ve gelisen ve hizlanan bilgisayar
teknolojisinin bir sonucu olarak, sonlu elemanlar
metodu (SEM) son dénemde kaplama tepkilerini
belirlemek i¢in yaygin olarak kullamlan bir
yontem haline gelmistir (Hadi ve Bodhinayake,
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2003; Abd Alla, 2006; Yoo vd., 2006; Ambassa
vd., 2013; Beskou vd., 2016; Sarkar, 2016).

SEM metodu 2 ve 3 boyutlu iist yapt modellerinin
statik ve dinamik analizlerinde, lineer elastik ve
viskoelastik ~ olarak  tanimlanan = malzeme
tiplerinde, farkli yiikleme hizlarinda, tek veya ¢ift
tekerlek yiikii ve tekil, tandem, tridem aks yiikleri
altinda, geogrid ile giiclendirilmis kaplamalarin
analizlerinde basariyla uygulanmistir (Al-Azzawi,
2012; Beskou vd., 2016; Ahmed ve Erlingsson,
2016; Sarkar, 2016; Ahirwar ve Mandal, 2017).
Ancak SEM metodunda modelin 2 boyutlu veya 3
boyutlu olarak tanimlanmasi, yiikleme durumu,
tabakalar arasindaki yiizeylerin temas tipleri,
sonlu eleman 1zgarasmnin sikligi (mesh) ve
olusturulan modelin boyutlari gibi parametreler
sonuca Onemli Ol¢iide etki etmekte ve metodun
etkin  kullanimi  i¢cin  uygun bir sekilde
diizenlenmelidir.

Bu ¢alisgmada taban zemini, temel ve kaplama
tabakalarindan olusan tipik bir esnek iist yapi
kesiti SEM metodu ile modellenmis ve modelin
kaplama tepkilerini dogru tahmin etmesi igin
gerekli degiskenlerin  optimize edilmesi
saglanmistir. Modelleme i¢in ticari ANSYS 18.2
Workbench yazilimi kullanilmistir. Hesaplanan
gerilme ve birim sekil degistirme degerlerine goére
doniisiim fonksiyonlar1 yardimiyla yol Omrii
hesab1 yapilarak SEM metodu degiskenlerinin bir
esnek iist yapmin Omriine olan etkisi de ayrica
incelenmistir.

2. Materyal ve Yontem
2.1. Model Geometrisi ve Sinir Kosullar

Caligmada eksenel simetrik geometride, taban
zemini, temel ve kaplama tabakalarindan olusan
bir iist yap1 kesiti secilmistir (Huang, 2004).
Malzemeler lineer elastik olarak tanimlanmis ve
ozellikleri Sekil 1-a’da verilmistir. Kaplama
yiizeyine etki eden yiik 122 mm yarigapinda
dairesel bir alan iizerine 0.83 MPa tekerlek i¢
basinci ile uniform olarak etki etmektedir. 3
boyutlu modelde simetriden dolay1 % dairesel alan
iizerine yiikleme yapilarak analizler ¢calistirilmistir
(Sekil 1-b). Kesiti olusturan tiim tabakalar igin
herhangi bir siireksizlik olmadigi (gatlaksiz
tabaka) ve tabaka ara yiizeylerinin tamamen
yapisik (bonded) oldugu degerlendirilmistir (Hadi
ve Bodhinayake, 2003).

Modelin  sinir  kosullarinin  tanimlanmasinda
asagidaki kosullar dikkate alinmistir (Sekil 2’ye
referansla);
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Taban diizlemindeki (bcde) diigiim
noktalarinin diisey deplasmanlar
engellenmistir

(abcf) diizlemi, simetri diizlemi oldugu
igin yiike dik dogrultulardaki
deplasmanlar engellenmis, diisey

deplasmanlar serbest birakilmigtir.

= ——0.83 MPa
J l Il mum
| E=2758% MPa v=0.4
r.[‘“*-: EAPLAMA .
i E=138 MPa ve=(1.4
> TEMEL S
:/7 SIMETRI EKSENI
=
| E=69 MPa v=0.4 ¥
" TABAN ZEMINI
X
5 & & 0 2
(a)

- (cefg) diizlemi tekerlegin tam ortasindan
gecen diisey diizlem oldugundan yiike dik

dogrultulardaki deplasmanlar
engellenmis, diisey deplasmanlar serbest
birakilmistir (Hadi ve Bodhinayake,
2003).

=111 000,00 drmm)

A

Sekil 1. (a) Ust yap1 en kesiti, (b) 3 boyutlu model ve yiikleme alani

Sekil 2. Sinir kosullari
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Modelden elde edilen sonuglarin dogrulanmasi
amaciyla Huang (2004) tarafindan gelistirilen ve
mekanistik-ampirik kaplama analizlerinde
referans kabul edilen (Muniandy vd., 2013;
Sarkar, 2016; Chegenizadeh vd., 2016; Hafeez
vd., 2017) Kenlayer paket programi kullanilmustir.
Belirlenen kesitin Kenlayer ile ¢0ziimiinde
kaplama tabakasi Ust ylizeyi i¢in elde edilen
deplasman degeri (0.56 mm) olusturulan modelde
plan boyutlar1 950x950 mm ve taban zemini
derinligi 2540 mm olarak segildiginde 0.55 mm
olarak bulunmus ve %98 oraninda bir uyumluluk
elde edilmistir.

2.2. Yol Hizmet Omvriiniin Tahmin Edilmesi

Mekanistik-ampirik dizayn yontemlerinin
kullanilabilmesi i¢in elde edilen gerilme, birim
sekil degistirme veya deplasman degerlerinin
kaplama davranmisini (gatlama, tekerlek izinde
oturma, pliriizliiliik vd.) yansitan bir parametreye
doniistiirilmesi gerekmektedir (Ekwulo ve Eme,
2009). Yorulma catlaklart kaplamada tekrarli
yiiklemeye bagli olarak ortaya ¢ikan bir bozulma
tipidir. Mekanistik-ampirik dizayn yonteminde
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yorulma Kriteri olarak asfalt betonu tabakasi
altinda meydana gelen c¢ekme birim sekil
degistirmeleri kullanilmaktadir. Bu birim sekil
degistirme degerlerinin belirli bir sinir1 agmasi
durumunda  kaplamada  c¢atlaklar meydana
gelmektedir. Asfalt Enstitiisii ve Shell yontemleri
ile yorulmaya baglh go¢meyi saglayan yiik tekrar
sayist formiilleri sirasiyla asagida belirtilmistir
(Ekwulo ve Eme, 2009; Adhikari vd., 2009).

Ny = 0.0796 (g,) 3291 (E;) 70854 1)
Ny = 0.0685 (g,)>671 (E;) 2363 (@3]

Formiillerde N; gd¢meyi meydana getiren yiik
tekrar sayisini, g kaplama tabakasi altindaki yatay
birim sekil degistirmeyi, E; ise kaplama
tabakasinin elastisite modiiliinii (psi)
belirtmektedir.

Asfalt Enstitiisii ve Shell tarafindan Onerilen ve
kaplamada meydana gelen tekerlek izinde
oturmaya bagli gogme ile taban zemini lizerindeki

diisey basing birim sekil degistirmesi arasindaki
iliski Formiil 3 ve 4’te belirtilmistir.

Ny = 1.365x107%(g,) 477 (3)
Ny = 6.15x1077(g.)~* (4)

Formiillerde Ny tekerlek izinde oturma gd¢mesini
meydana getiren yiik tekrar sayisini, g ise taban
zemini  {izerindeki  basing  birim  sekil
degistirmesini gostermektedir (Hesham ve Shiraz,
1998; Ekwulo ve Eme, 2009).

3. Bulgular ve Tartisma

Sonlu elemanlar yonteminde plan ve kesit
boyutlarinin  (Sekil 3) se¢imi sonuca Onemli
Olgiide etki etmektedir. Plan boyutlariin
etkinligini incelemek amaciyla farkli kenar
uzunluklar1 i¢in analizler yapilarak {ist yapidaki
maksimum deplasman degerleri hesaplanmis ve
sonuclar Tablo 1°de verilmistir.

Sekil 3. Model boyutlar

Tablo 1. Plan boyutlarina bagh deplasman degerleri

Yiikleme yari¢api (r)(mm)  Plan boyutlar (x-z)(mm)  r/X Maksimum deplasman (mm)
122 1350x1350 0.090 0.41
122 1100x1100 0.111 0.48
122 1050x1050 0.116 0.50
122 1000x1000 0.122 0.52
122 950x950 0.128 0.55
122 900x900 0.135 0.58
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Tablo 1 incelendiginde kenar boyutlarinin artigma
bagli olarak deplasman degerlerinin diistigi
gozlenmektedir. Kenar uzunluklarindaki artigin
yiikkleme noktas1 etrafindaki yanal destegi
artirmast diisen deplasman degerlerini
aciklamaktadir.

Taban zemini derinligi 2540 mm sabit olmak
iizere farkli plan boyutlarinin yol émrii iizerindeki
etkisinin sayisal degerler ile kiyaslanmasim
saglamak amaciyla taban zemini {izerinde

meydana gelen diisey birim sekil degistirme (&)
ve buna bagli Shell yontemi ile hesaplanan yol
omrii degerleri (Ny) Tablo 2’de verilmistir. N¢
degerleri  incelendiginde plan  boyutlarmin
artmasina bagli olarak diisey birim sekil
degistirme degerlerinde bir azalma ve buna bagl
olarak yol Oomriinde yaklasik %25 bir artis soz
konusudur. Bu sonuclara gore plan boyutlarinin
secimi yol Omriine bagl analizlerde mutlaka goz
onlinde bulundurulmas1 gereken Onemli bir
parametre olarak degerlendirilmelidir.

Tablo 2. Plan boyutlarina bagh diisey birim sekil degistirme ve yol émrii degerleri

Plan boyutlar (x-z)(mm) & N¢

900x900 5.14x10™ 8.81E+06
950%x950 5.04x10™ 9.53E+06
1000x1000 4.96x10™ 1.02E+07
1050x1050 4.91x10™ 1.06E+07
1100x1100 4.86x10™ 1.10E+07

Sekil 4’te verilen ve yar1 sonsuz tabaka derinligi
(y) olarak adlandirilan taban zemini kalinlig
degisimine bagh deplasman degerleri
incelendiginde taban zemini kalmhig azaldikga
deplasman degerlerinin de azaldig1 goriilmektedir.
Plan boyutlarinin 950x950 olarak belirlendigi bu
analizde deplasman degerlerinin azalmasini
saglayan en Onemli parametre sinir kosullarinda
diisey deplasmani engellenmis olan taban
diizlemine olan mesafenin kisalmasidir. Diisey

[l [=] [l [l [=] [=]
- i - [==]

Deplasman (mm)
i

[l
[ =]

[=]

o

- o
003 01

L]

dogrultuda rijit davranig gosteren yiizeye olan
mesafe kisaldikca deplasman degerleri de
dismiistiir. Kenlayer programi ile elde edilen
deplasman degerini saglayan temel derinligi/taban
zemini derinligi oram grafikten 0.06 olarak
okunmaktadir. Buna bagli olarak hesaplanan taban
zemini derinligi ise 2540 mm dir. Boyutsal
analizden elde edilen bu degerler 1s18inda yari
sonsuz tabaka derinliginin plan boyutlarina oranla
2.67 kat fazla olmasi gerektigi sdylenebilir.

015

P nos
013 UL 4]

Temel derinligi/ Taban zemini derinligi

Sekil 4. Taban zemini derinligine bagli deplasman degisimi

Siir kosullarinin tanimlanmasi sonlu elemanlar
yonteminde sonuglara etki eden bir diger 6nemli
parametredir, c¢alismada daha Onceden de
tanmimlandig1 gibi taban diizlemi, simetri diizlemi
ve tekerlek ortasindan gecen dizlem diiseyde
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deplasman yapmayacak sekilde tanimlanmistir bu
sinir kosullarina ilave olarak yolun trafik akis
yoniindeki derinliginin fazla olmasi sebebiyle bu
akis yoniinde dikey olan diizlemin de (Sekil 2’ye
referans ile (cefg) diizlemine paralel kars1 diizlem)
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diisey  deplasmanlari  smurlanarak  analizler
yapilmustir. Bu kapsamda ¢alismanin
baslangicindaki ~ smmir  kosullar1  (boundary

condition) 3 diizlemi kapsadigindan “3BC”, trafik
dogrultusuna dik diizlemin de kisitlanmasi ile
olusan yeni model “4BC” olarak tanimlanmis ve
bu iki farkli durumda olusan deplasman degerleri
plan boyutlarmin degisimine bagli olarak Sekil
5’te verilmistir.

Sekil 5 incelendiginde trafik dogrultusuna dik
olan diizlemde ek bir smir kosulu tanimlamak
deplasman degerlerinde %18-22 arasinda bir
diisiise sebep olmaktadir, rijit diigiim noktasi

sayisinin artmasi deplasman degerlerinde Gnemli
bir fark ortaya koymaktadir ve sekilden de
goriilecegi gibi plan boyutlarinin  azalmasi
deplasman degerlerinin daha fazla diismesini
saglamaktadir. 3BC modeli ile 4BC modeli
arasindaki farklarin beton yollar gibi daha rijit

kaplama tiplerinde birbirine yakin sonuglar
verecegi  degerlendirilebilir.  Ancak  esnek
kaplamalar  {izerlerine gelen tekerlek i¢

basinglarini beton yollara nazaran daha az bir
alana yayabildikleri i¢in 4BC modeli ile ¢aligmak
yerine 3BC modeli ile ¢alismak daha uygun bir
¢Oziim olarak ifade edilebilir.

0.9 —

0.8 ——

0.7

05 ——

Deplasman degerleri (mm)
¥

. —+—4BC
r——— —] —8—3BC

-

04 —

L

i}

&00 7040

00

Plan boyutlar: {x=2}

Q00 1000

Sekil 5. Smir kosullarina bagl deplasman degerleri

Izgara (mesh) boyutlariin se¢imi sonlu elemanlar
yonteminin sonuglara etki eden en Onemli
parametrelerinden birisidir, biiyiik 1zgara boyutlari
yakinsak olmayan sonuglar verirken kiiciilen
1zgara boyutlar1 ise ¢6ziim siiresinin oldukca
uzamasina sebebiyet vermekte ve ozellikle birden
cok analizin yapilacagi problemlerde biiyiik
zaman kayiplarina yol agmaktadir. Caligmada
karayolu kaplamasinin deplasman degerlerine
1zgara boyutlarmin  etkisini  degerlendirmek
amaciyla 3 farkli ¢aligma yapilmistir (Sekil 6). Bu
caligmalarda yikiin uygulandig1 % daire alandaki
1zgara boyutlari, kaplama tabakasinin 1zgara
boyutlar1 ve temel tabakasinin i1zgara boyutlari
lizerindeki degisimlerin sonuca etkileri
aragtirllmigtir.  Izgara analizi yapilirken plan
boyutlart  950x950 mm, yar1 sonsuz tabaka
derinligi 2540 mm ve boyut fonksiyonu “uniform”
olarak ¢aligilmistir. Yiik altindaki bdlgede yapilan
inceltme iglemine ve kaplama tabakasini olusturan
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dikdortgen prizmanin maksimum yiizey boyutuna
bagli deplasman sonuglart Tablo 3’te, temel
tabakast kalmligmin (152.4 mm) bdliinme
boyutuna bagli deplasman degerleri ise Tablo 4’te
Ozetlenmigtir.

Sonuglar incelendiginde yiik altindaki bolgede
1zgara boyutlarinin incelmesi sonuglar iizerinde
cok etkili degilken kaplama tabakasi yiizey
boyutlar1 sonuglar iizerinde %0.4 oraninda etki
gostermistir. Yikii dogrudan almayan temel
tabakasindaki 1zgara boyutu degisimi ise sonuglar
hicbir  farklilik ortaya c¢ikartmamistir. Bu
sonuglara goére 1zgara boyutlar1 sec¢iminin,
calisilan modelin etkin sonuglar vermesi agisindan
birinci derece dneme sahip bir parametre olmadigi
belirtilebilir.
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Sekil 6. Model 1zgara analizi

Tablo 3. Izgara boyutlarina bagli deplasman degerleri (mm)

Izgara inceltme seviyesi / Maksimum yiizey boyutu (mm)

Analiz : - :
. . Inceltme 1 Inceltme Inceltme
bolgesi (Kaln) 2 (Orta) 3 (ince) 60 50 40 30 20 10
Y4 daire 0.55049 0.55062 0.55069
Kaplama 0.5497 0.55023 0.55128 0.55138 0.55169 0.55198

Tablo 4. Temel tabakasi kalinligi bolme boyutuna bagli deplasman degerleri (mm)

Analiz bolgesi Temel tabakasi kalinhigi blme boyutu (mm)
50 38 4.75 9.5
Temel 0.54969 0.54969 0.5497 0.5497

Sonlu elemanlar yonteminde birbirinden farklhi
malzeme Ozelliklerine sahip ylizeyler arasinda
temas denklemleri kurulmasi gerekmektedir. Eger
uygun temas denklemi segilmez ise yiik altinda,
bir kiitlenin  kendisinden farkli mekanik
ozellikteki kiitle icerisine girmesi/batmasi sonucu
ortaya ¢ikmaktadir (Sekil 7). Bu durum {ist yap1
analizlerinde tekerlek-kaplama veya kaplama- Sekil 7. Temas kiitlesinin hedef kiitle igerine
temel ara yiizeylerinde gerceklesebilir ancak batmasi

fiziksel olarak miimkiin olmayan bu durumun

engellenmesi icin ANSYS paket programinda

temas formiilasyonu olarak “Multi  Point 4. Sonuglar ve Oneriler

Constraint (MPC)” se¢imi yapilmahdir. Bu

formiilasyon temas ytizeyleri arasinda Karayolu esnek 1iist yapi tabakalarmin sonlu
deplasmanlar birbirine baglayan kisit denklemleri elemanlar yontemi ile analiz edilmesinde model
ckleyerek  temas yiizeyindeki iki  digim sonuglarina etki eden parametrelerin incelendigi
noktasinin deplasmanlarini birbirine bu calismaya ait bulgular 1s18inda asagidaki
esitlemektedir. sonuglar ifade edilebilir;
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Plan boyutlarinin se¢imi  sonlu elemanlar
analizinde 6nemli parametrelerden bir tanesidir
ve bu boyutlarin fazla veya eksik olarak
tanimlanmas1  elde  edilen  deplasman
degerlerini  6nemli Olgiide etkilemektedir.
Calisgmada yiikleme yaricapi/plan boyutu
oraninin  optimum degeri 0.128 olarak
bulunmustur.

Plan boyutlarinin yol émrii hesaplarina etkisini
degerlendirmek amaciyla yapilan analizlerde
900x900 mm yerine 1100x1100 mm Kkare
kesitli bir model ile calisildiginda tekerlek
izinde oturma kriterine bagli yol &mri
degerinde %25 oraninda bir artis oldugu
belirlenmistir. Bu sonuglar birim  sekil
degistirme ve buna bagli donilisiim formiilleri
ile yol 6mrii hesaplamalarinda plan boyutlar
seciminin ¢ok Onemli bir kriter oldugunu
ortaya koymaktadir.

Modeli olusturan tabakalardan en altta yer alan
ve yar1 sonsuz tabaka olarak adlandirilan taban
zemini derinligi, taban diizleminin diisey
deplasmanlarinin  engellenmesi  sebebiyle
sonuglar ilizerinde onemli bir etkiye sahiptir.
Bu tabakanin derinliginin az segilmesi
deplasman  degerlerini  azaltirken fazla
seciminde ise deplasman degerleri Onemli
Olciide artmaktadir. Temel tabakasi derinligi /
taban zemini derinligi oraninda optimum
degerin %6 oldugu belirtilebilir.

Kare prizma olarak tanimlanan modeli
meydana getiren 6 yiizeyden 3 veya 4
tanesinde diisey sinir kosulu tanimlayarak
caligtirilan analizlerde trafik yoniine dik
dogrultudaki ylizeyin de diisey
deplasmanlarinin sinirlandirilmasi elde edilen
deplasman degerlerinde %18-22 arasinda bir
diisiise sebep oldugu ancak bu kisitin esnek
kaplamalar yerine rijit kaplamalar icin daha
uygun bir sinir kosulu olacagi
degerlendirilmistir.

Izgara boyutlarinin  degerlendirilmesi igin
yapilan c¢alismalarda yilike dogrudan temas
eden kaplama tabakasindaki diigiim noktasi
sayisinin  artmasinin - modelin  yakinsamasi
tizerinde c¢ok az bir etkiye sahip oldugu
belirlenmis ancak yiikii dogrudan almayan
temel tabakasindaki 1zgara boyutlarinin
sonuglara bir etkisinin olmadigi gdzlenmistir.
Izgara boyutlarindaki azalmanin ve diigiim
noktast sayisindaki artisin ¢éziim siiresini de
artirdigi g6z Oniine alindiginda c¢ok ince
1zgaralar ile c¢alismanin gerekli olmadigi
sOylenebilir.

Kaplama analizlerinde  fiziksel  olarak
tabakalarin veya kaplama {izerindeki tekerlegin
birbirleri igerisine batma durumu

29

disiiniilmediginden beraber hareket eden
yiizeylere ortak diigiim noktalari tanimlamay1
saglayan MPC temas formiilasyonunun uygun
bir analiz parametresi oldugu diisiiniilmektedir.
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1. Introduction

A surface S in the Euclidean 3-space is
r(u,v)={x(u,v),y(u,v),z(u,v)}.

A surface of factorable S in E* can be given as
z=f(x)g(y) or y=f(x)g(z) or x=f(y)g(2),
where f and g are smooth functions on some
interval of R.

In Yu and Liu (2007), a classification and some
fundamental formulas were given for factorable
surfaces in the Euclidean space and in the
Minkowski space. In Meng and Liu (2009),
factorable surfaces in 3- dimensional Minkowski
space studied and some classification of such
surfaces are given.

A surface M " is parallel to M if points of M " are
at a constant distance along the normal from the
surface M. So, there are infinite numbers of
parallel surfaces (Yoon, 2008).

Kiziltug and Yayl studied timelike curves on
timelike parallel surfaces in Minkowski 3-spaces
E:*. They find images of timelike curve which lie
on timelike surface in E:3. Then, they gave some
characterization for its image curve in (Kiziltug
and Yayli, 2012). Unluturk and Ekici (2003),
obtain parallel surfaces of timelike ruled surfaces
which are developable are timelike ruled
Weingarten surfaces. Then, some properties of
that kind parallel surfaces are obtained in
Minkowski 3-space in (Unluturk and Ekici, 2003).
Safiulina investigate the existence and geometry
of such two-dimensional Riemannian
submanifolds (surfaces) and she gives their
complete classification. Moreover, it is shown that
in E_{s}» with s>0 do exist not totally geodesic
minimal semiparallel space-like surfaces in
(Safiulina, 2001). Calvaruso and Van der Veken
completely classified surfaces with parallel
second fundamental form in all non-symmetric
homogeneous Lorentzian three manifolds in
(Calvaruso and Veken, 2010). In Yilmaz (2010),
they investigate singularities of all parallel
surfaces to a given regular surface.

2. Method

The Heisenberg group Heis, is defined as R® with
the group operation

Ex'y’Z) * (X1, Y1,21) = x+x, Yyt 12+ 2 +
E(x}ﬁ — X1y 1)

The left invariant Riemannian metric given by

32

2
g =ds® = dx* +dy’ +(dz +%(ydx— xdy)j (2)

Then we have for the left invariant Riemann
metric 9

0 0 0 X0 0
R T I ®3)
ox 20z oy 20z 164
These vector fields are dual to the coframe
vv1:dx,W2:dy,w3:dz+§dx—gdy 4)
Then, Levi- Civita connections are
0 e -
2V.e,=|-e 0 ¢ ®)
-e, ¢ O
also, we have the Heisenberg bracket relations.
[el,ez]:e3,[e3,e1]:[e2,e3]:0 (6)

In this paper, we used Riemannian metric and
Levi- Civita connections for obtain mean
curvature.

3. Parallel Surface of the Factorable Surface in
Hs

3.1. Parallel Surfaces of Type 1 Factorable
Surface

Let a(X) = (& (x),a,(x),a5(X)) and

B(Y)=(8.(y).5.(y).B(y)) be differentiable
nongeodesic curves in Heis, which is endowed
with left invariant Riemannian metric g . Type 1
of the factorable surface parameterized as

(P(x:Y) = (al(x),O, C) * (0' ﬁz(Y):d) =
(@ (), B, (3,5 2 (B () @

Then, the parallel surface of factorable surface
o(x,y)=a(x)* A(y) is defined as

O(x,y) = (X, y) + N(x,y) (8)
where N is the unit normal vector field of the
factorable surface.

Theorem 3.1. If the parallel surface of the
factorable surface of type 1 0(x,y) in the Hs is a
minimal surface, then
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. a2 a B, 2 -~ " l 2 B, (a+2) "
by TG gy PP g Bl ) v 2 )

B v po p@+2) o pr(a+) : 2
_7(0[1 (_ﬂz +(a1+ (1+ﬂ22)3l2) ?"‘ (1+ﬁ22)3/2)+2(a1 _l))_ﬁz
o ﬂz

- 1 B(a+2) . L 1 ,
ot~ gy 4™ (g prype) PP D B A )
P2 ) a (al_ 5 )

o, Y L
Py sy

y P21 g g

Cas)

TWAYT 2 @ B

where

A= a(_‘?’ﬂzﬂz + (1+ ﬂzz)ﬂz "
@+5,)"
B= ﬂz I(]-_ Zﬂzz) + ﬂzﬁz "(1+ ﬁzz)
@+ 5)"

Proof. The parameterization of the parallel factorable suface

af,(y) )

0(X, y) = (al(x) - m

RYAORCABYAL) TRk

9)

(10)

(11

(12)

where a is a non-zero constant. If we take derivatives of the parallel surface of the factorable surface

according to x and y, then we have

1
0,=a'(e + Eﬂzea)

, a 1 a
=B et Gt )

()" W+

An orthogonal vector at each point of the surface is

3p4,a
2 —5)e, +2¢;)

1
N :;(_ﬁ2e1+(al+m

where

— 2 3ﬂ2a 2
p_\/ﬂZ +(al+(l+ﬂ22)3/2) +4

The coefficients of the first fundamental form are
2 1 2
E=a," (145 5;)

_ o ipn a 1, a ap
F=a'p ((1+ﬁ22)3l2 + Zﬁz 2 (l+ﬁ22)3/2))
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(13)

(14)

(15)

(16)

(17)

(18)
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2 1 ap
G=8, 4 (Coyt— )41 19
ﬁz ((1+ﬂ22)3 +(20(1+ (1+ﬂ22)3/2) + ) ( )
Then, components of the second fundamental form are
a I n 1 1 ﬂ (a+2) n
h11 = 71(_:82051 +E(a1 ? ﬂz (al + (1‘2“ﬂ22)3/2)+ Zal ﬂz) (20)
_(zllﬁ2I _nR2 ﬂ ﬂ2(1+a) 2 1
h12 - zp ( ﬁZ +a1( 2 + (1+ﬂ22)3/2 + (al )) (21)
B, 2 24 ag, B,(2+a) .
h,=2"2(-8- —_——— = 42 -1
21 2p ( /32 (ﬂz + 2 (1+ﬁ22)3/2 (0(1 + (l+ﬂ22)3/2 + (ﬂz )) (22)
B, 2 ap, a a, ag,
h. =£2 (_ o /o SR | O i
=2 PO T YV s 2w sy )

(o, + 22213 opy
1 (1+ﬁ22)3/2 !

So, if 0(x,y) is minimal, we have the equation (17).

3.2. Parallel Surfaces of Type 2 Factorable Surface

Let a(x) and ﬁ(y) be differentiable nongeodesic curves in Heis, which is endowed with left invariant
Riemannian metric 9 . Type 1 of the factorable surface parameterized as

P(%,Y) = 0,c,(0,0)* (A.(9),0,-0) = (,(Y). (). 3 AV () ”

Then, the parallel surface of factorable surface ¢(x,y)=a(x)*g(y)is defined as

s y) = (Ai(y), ay (%), %ﬂl(Y)az(X)) +bN(x,y) (25)

where N is the unit normal vector field of the factorable surface and b is a non-zero constant.

Theorem 3.2. If the parallel surface of the factorable surface of type 2 &(x,y) in the Hs is a minimal surface,
then

34
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2 o B’ b " l o, b, a; B(b+1)
A G A T m e e
L@ A bA . BER A
P G ) ey )

cpop B BB a  bp  a  pb+])
—a, ﬁl (1+?( 2 (1+ﬂ12)3/2))( 2 (1+ﬂ12)3/2) 2 (1+,312)3/2)

26
_3Bp +b(3ﬂ1ﬁ1'z—(1+/>’f)ﬂ1"+1)+a_z'(ﬁ_ bp, )2 - A(b+1) ) 20
20+ 7" 1+ 20272 g2 @eph”
1 L1 1 W o D
+Eﬁ1(a2 _Zaz ,Bl)"'a(ﬂlaz +a2 ﬂl (W"'D))
22 b? o, bp, 2y(% Ai(b+1) v
Ay S T Sy A
Proof. The proof can be shown similarly to Theorem 1.
Example 3.3. Let the factorable surface given with
@(X,y) =cos ye, +sinxe, + %sin xcosye, (27)
and the unit normal vector fied of this surface is
in x 2
N =- > e — csy e, + e;.
Jeos?y+sin®x+4  \Jecos?y+sin?x+4  Jcos? y+sin?x+4 28)
. 1.
cos ye, +sinxe, + Esm X COS Ye,
Then, the parallel factorable surface of type 2 is
E(,Y) = (€08 y - —————)e, +(sinx - ————3 e,
Joos? y +sin? x+4 Jcos? y +sin® x+4
sinxcosy 2 (29)
+( + e,.
2 Jcos? y +sin? x + 4
4. Conclusion Kiziltug, S. and Yayli, Y., 2012. Timelike
Curves on Timelike Parallel Surfaces in
In this paper, we deduce conditions of Minkowski 3-space E.*. Mathematica
minimal parallel factorable surface in three Aeterna, 2(8), 689 — 700.

dimensional Riemannian Heisnberg group.
Meng, H. and Liu, H., 2009. Factorable
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Oz

Bu makalede, agik birim diskte analitik olan f(z) = z — X34, axz* bi¢imindeki fonksiyonlar ve D™ diferansiyel
operatorii kullanilarak negatif katsayili yildizil fonksiyonlarmn P(j, 4, a,n) alt sinifina ¢alisildi. a, =0 , z5 € R ve
f(zy) = zg olan P(j, A, a, n, ) simifin1 goz 6niine alindi. P(j, 4, @, n, z,) sinifina ait baz1 6zellikler elde edildi.

Anahtar kelimeler: Univalent fonksiyon, Sabit nokta, Y1ldizil, Konveks, Siligean operatdrii

Abstract
In this paper, we study the subclass P(j, A, a,n) of starlike functions and with negative coefficients by using the
differential D™ operator and functions of the form f(z) = z — ¥ ;14 a,z"* which are analytic in the open unit disk. We

consider the class P(j, 4, a, n, z,) for which (z,) = z, , z, real where a, = 0. Some properties belonging to the class
P(j, A, a,n, zy) are obtained.
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1. Giris

1.1. Tamuim f, U={z:z€ Cvelz| <1} acgk
birim diskinde analitik olan

f(2) =z +¥n,anz" 1)

formundaki f fonksiyonlar ailesi A ile tanimlidir.
f € A fonksiyonunun . mertebeden yildizil
oldugunu sdyleyebilmemiz i¢in gerek ve yeter sart

Re {@} >a

< .
o O0O<a<1;zeU) )

olmasidir. Biitiin boyle fonksiyonlarin sinifi S*(a)
olarak adlandirilir. Ayrica f € A fonksiyonunun
a. mertebeden konveks oldugunu
sOyleyebilmemiz i¢in gerek ve yeter sart

zf"(2)
f'(2)

Re {1+ }>e O<a<tizewy (@

olmasidir. Biitiin boyle fonksiyonlarin sinifi C(a)
olarak adlandirilir. U agik birim diskinde yildizil

ve konveks fonksiyonlarin sinifi sirasiyla $*(0) =
S ve C(0) = C ile gosterilir.

Silverman (1976), a,, = 0 ve —1 < z; < 1 olmak
tizere f fonksiyonunun f(z,) = z, olan yildizil
fonksiyonlarin alt siniflarin1 Sg(a, z,) seklinde ve
f'(zg) =1 olan yildiz1l fonksiyonlarin alt
smiflarmi  da  S{(a,z,) seklinde tammladi
(Silverman, 1976).

1.2. Tanim
D°f(2) = f(2)
D'f(z) = Df(2) = zf'(2) = z + Xy j41 kay 2"

i)nf(z) =D(D"(z)) =z + Vst k"a zk (neN)
seklindeki D operatoriine Salagean Operatorii
denir (Salagean, 1983).

1.3. Tanim U = {z:z € Cve |z| < 1} agik birim
diskinde analitik olan

f(z) =z+ 3 a2  (eEN={123.)D (4

seklindeki fonksiyonlarin simifi

tanimlanir (Salagean, 1983).

A(j) olarak

1.4. Tanim A(j) smifinda olan f fonksiyonunun
pozitif katsayili Q(j, A, a,n) sinifinda olmasi igin
gerek ve yeter sart

38

®)

(1-22(0"r @) +42(p" 1 ()

(1-)D™f(2)+AD™1f(z) >
(JEN;0<Sa<1,0<A<1L;neNy VzeU)
olmasidir. Burada, D™ Sailagean operatoridiir
(Aouf ve Srivastava, 1996).

1.5. Tanim U acik birim diskinde analitik olan

f@) =z-Nmaz (a2 0;n€N)(6)
bi¢imindeki fonksiyonlarm smifi T(j) olarak
tanimlanir (Aouf ve Srivastava, 1996).

1.6. Tanim P(j,A,a,n) = Q(j, A, a,n) NT(j) ile
negatif katsayili olarak P(j, A, a,n) smifi olarak
tamimlanir  (Aouf ve  Srivastava, 1996).
P(j, A, «,n) simfindaki bir f fonksiyonu

D°f(z) = f(2)
D'f(2) = Df (2) = zf'(2) = z — L js1 kay 2"

ven =1,2,3,. i¢in

Df(z) = D(D™'f(2)) = z — Tz j1 k" ay 2"
(n €N)

yazabiliriz.

P(j, A, a,n) sinifina ait fonksiyonlar i¢in katsayi
esitsizliklerini, ayrik teoremlerini, kapalilik
teoremlerini ve bazi Ozelliklerini Aouf ve
Srivastava (1996) elde etmislerdir. Onlar birde
P(j, A, a,n) smifinin konvekslik, yildizillik, yakin
konvekslik yarigapini belirlemislerdir.

Teoremimizin ispat1 i¢in asagidaki ti¢ lemma
gereklidir.

11 Lemma f(2) =z — XL g axz"
tamimli fonksiyonun P(j, 4, ¢, n) sinifinda olmasi
i¢in gerek ve yeter sart

seklinde

Skt k- 1+ (k- Dla <1-a  (7)

olmasidir. Burada, a;, =20, n€ Ny, 0<a <1,
z€U ve 0<A<1 dir (Aouf ve Srivastava,
1996).

1.2. Lemma Her n € N i¢in a, = 0 olmak lizere
f(2) =ayz— Yy, a,2" fonksiyonunun

So (@, zy) olmast igin gerek ve yeter sart

T [ -2 <1 (®)

1-a



Baba / GUFBED CMES (2018) 37-45

olmasidir. Burada, z, € R sabit nokta, a; # 0 ve
0 < a < 1 dir (Silverman, 1976).

1.1. Sonug¢ (Silverman, 1975) makalesindeki, 3.
Teoreminin ispatinda kiigiik bir degisik ile
Teorem  3.1.3’in  sartlann  altinda  f(2)
fonksiyonunun iinivalent olmasi igin gerek ve
yeter sart Yo,a,(n—z,") <1 durumunu
ortaya koymustur (a¢ =0 olduguna dikkat
edelim). Dolayisiyla, Silverman’nin yukaridaki
gibi tamimladig1 fonksiyonlarin {inivalent olmasi
icin gerek ve yeter sart yildizil olmasidir sonucu
¢ikarilir (Silverman, 1976).

1.2. Sonu¢ (Ekstremal fonksiyon) Eger f(z) =
A1Z — Yip=p Ay z™ fonksiyonu Sg(a, zy) smmifinda
olursa, o zaman her neN icin a, <

(na)l(—# oldugundan ekstremal fonksiyonu
el -1 0

Herhangi bir sabit noktaya sahip P(j, A, a,n, zy)
alt smifin1 tamimlandi ve bu simifa ait katsayi
esitsizlikleri belirlendi (Kiziltung ve Baba, 2012).
Baba (2018), calismamda P (j, A, a, n, zy) simifinin
konveks oldugunu ve bu sinifa ait fonksiyonlarin
Modified Hadamard carpimi elde edildi. Bu
makaledeki  sonuglar,  (Silverman, 1976)
makalesiyle sonug kesinlestirildi.

2. P(j, A, a,n, zy) Smifinin Baz1 Ozellikleri

P(j,A a,n,zy) smfi igin Ornekler ve baz
sonuglar verildi. (Aouf wve Srivastava, 1996)
tarafindan kullanilan yontemlerle P(j, 4, a, n, z)
siifinin bazi 6zellikleri elde edildi.

2.1. Ornek Oncelikle z € U olmak iizere, Lemma
1.1 yardmyla P(j,A,a,n) smifina ait f(z)
fonksiyonunu tamimlayalim. j =1, a =0 ve

()1 A=1 degerleri icin, (7) esitsizliginden
f(z) = % ©) _, k™2a;, < 1 elde edilir ve bu son esitsizlikte
o ay = knl+6 alinirsa,
dir (Silverman, 1976).
YO gni2g, = YO pn+2 nl+6_zoo= %zﬂ_ ~

1.3. Lemma f(2) =z — X3~ 41 axz®  seklinde 0'18822323 <k1 - g AR
tammli  fonksiyonun P(j, A, a,n,z,) smifinda
olmasi igin gerek ve yeter sart olur ve dolayistyla
[ () + (k- DA -z e, <1 (10) f@) =z - X5, o 2° (11)
olmasidir. Burada a;, = 0,j EN,n € Nj,0 < a <
1,zeU, 0<A<1 ve z; €R sabit noktadir fonksiyonu elde edilir. Ayrica, bu f(2)
(Kiziltunc ve Baba, 2012). fonksiyonu reel eksen boyunca z — 1 iken,

(1-Dz(D"{(2)) +22(D™1(2))’ (D" ()’ LS

{ i@ (> ¢ = Re {—Dn+1f(z) } > 0= T >0 (12)

oldugundan dolay1 P(j, 4, a,n, z) smifindadir. Simdi de, (11) deki f(z) fonksiyonu i¢in (10) esitsizligi

kullanilarak,
Z [kn+2 _
k=2

esitsizligi elde edilir. Bu da, f(z) fonksiyonun
P(j, A a,n, zy) smifinda olmast demektir. Bu son
esitsizligin  sol tarafi sifira esit olacagindan
fonksiyonun sabit noktas1 bulunabilir. Yine, son
esitsizligin sag tarafi negatif oldugundan, z, = 0
noktas1 f(z) fonksiyonunun bir sabit noktasidir.
Birim diskin f(z) fonksiyonu altindaki goriintiisii
Sekil 1°de gosterildigi gibidir.

1 [ee]

k—
Zg 1]kn+6 =1 :z
k=2

39

kn+6

2.1. Not Genel olarak, her z; € R sabit noktasi
icin  uygun bir qa; katsayis1 bulunarak,
P(j,A a,n,zy) smifina ait f(z) fonksiyonunun
sabit noktasi bulunabilir. Bunun i¢in Lemma
1.3’0n sartlarii ve bu teoremin bir sonucu olan
Yk=j+1 a,z& 1 =0 esitligini saglamas1 yeterli
olacaktir.
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2.2. Ornek z, =% sabit nokta olmak {izere, n=0,j=1 a=0veA=1 degerleri igin, (7)

P(, A, a,n,zy) smifina ait herhangi bir f(z) .es'itsizliginde.tn Y=z kay <1 elde edilir. Bunun
fonksiyonu bulalim. Lemma 1.1 yardimiyla igin uygun bir a, katsayisi,

i o — i (23413 (1>"‘1 ~ i 23413 <1>"‘1 a1
< T = L \kk-1) "~ \2 VAVICES AV S0

k=2

k—1
esitsizligini saglayacak sekilde a;, = kzz’?:j) — G) olarak bulunabilir.

““"’:;’4 " 05 10

Sekil 1. Birim diskin f(z) = z — Yp~, #Zk fonksiyonu altindaki goriintiisii (z, = 0 sabit noktasi igin).
Simdi de,

[ 2,3413  (1\F1 (13)
f@”‘;[m‘@ |

fonksiyonu i¢in (1.10) esitsizligi kullanilarak,

Z[k —zo5 e, < 1= Z az&t > Z ka, = 2,3413 — 3 = —0,6587
k=2 k=2 k=2

elde edilir. Son esitsizligin sol tarafi sifira esit olacagindan fonksiyonun sabit noktasini bulunabilir. Burada
Lemma 1.3’{in sartlarinin saglandigi goriilebilir. Yine, zy = 0 noktas1 bu elde edilen fonksiyonun bir sabit
noktasidir.

Ay sekilde, z, =% noktasinin bir sabit nokta olmasi i¢in (13)’deki fonksiyonun ;- j+1 azE1=0
esitligini saglamas1 gerekir. O halde,

5 2,3413 (1)"‘1 _ 23413 (3) — 23413.014237 — - =
h-D 2 |TLA -1 - 2330 3

W] =
I

W =
Il

(e

k=2 k=2
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olacagindan z, =% noktas1 bu f(z) fonksiyonunun bir sabit noktadir. Burada, birim diskin f(z) =z —

2,3413 1N\ . o A o
Yhez k-1 (5) z" fonksiyonu altindaki goriintiisii Sekil 2’°de verilmistir.

0,

Sekil 2. Birim diskin f(z) = z — Y- 2[23413 (

k-1
K2 (e1) —) ]Zk fonksiyonu altindaki goriintiisii (z, = %igin).

2

2.1. Sonu¢ Lemma 1.1 igin ekstremal fonksiyonu,

Q1-G+1D™ 1 (14)
f(2)=z—— . . —z/*
G+D"G+1—-a)(1+j1) — (1 —a)zyk?
seklindedir. Buradaa, =2 0, ENn €Ny, 0<a<1,z€eU, 0 <A<1vez, € R sabit noktadir.
2.2. Sonug¢ f(z) € P(j,A, a,n, zp) ise
A-a)(G+ D™ (15)
a; <
kS GFD G+ l—a) A+ = (1= a)zg 1
dir.
2.3. Sonu¢ Eger, j = 1,A = 0,n = 0 alinirsa P(j, 4, a,n, z5) = P(1, @, z;) olur. Dolayisiyla,
(16)

> (=0

k=2
olur ki, P(1, a, zy) = Sg(a, z,) elde edilir (Kiziltunc ve Baba, 2012).

2.4. Sonug f(z) € P(j, A, a,n, zy) sinifinin iinivalent olmasi i¢in gerek ve yeter sart
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- (7)
Z [™1(1 + (k — DA} — 28 a, < 1
k=j+1

olmasidir. j = 1,4 = 1,n = 0 alinirsa Sonug 1.1 elde edilir.

2.5. Sonu¢ Eger, j = 1,A = 1,n = 0 alinirsa P(j, A, a,n, z5) = P(1,1, @, zy) olur. Dolayisiyla,

k=) iy (18)
Z 1-—a G =1
olurki, P(1,1,a,zy) = Kj(a, zy) dir (Kiziltunc ve Baba, 2012).
2.1. Teorem 0< ay < @5, 0< 1 <1,n € Ny vej € N olmak iizere
P(j, A a,n,zy) 2 P(,A azn, zy) (19)

dir.

Ispat. 0< a; < a, < 1ve § > 0 olmak iizere, P(j, A, ay,m,2) 2 P(j, 4, az,n, ) oldugunu gosterelim.
f(2) € P(j, A az,n,zy) Ve a;=a, — § olsun. Lemma 1.3 kullanilarak

Z [k”( ){1+(k—1)/1}—zo ]akS1

k=j+1

elde edilir ve Y371, axz§~* = 0 oldugundan,

[k —a){1+ (k— DA} =z apy <1-a,
k=j+1
dir. Lemma 1.1°den,
z k"1 + (k — DA}]ap < 1
k=j+1
olur. Sonug olarak,
[k™(k — a){1 + (k — 1)A} — z& Y ay,
k=j+1
[k (k — ay + 8){1 + (k — DA} — zE ] ay
k=j+1
< Z [k™(k — a){1+ (k — DA} — z§ap + 6 Z k{1 + (k — 1A} ay
k=j+1 k=j+1

Sl—a2+6=1_a1<1

oldugundan, f(z) € P(j, A, @y, n, z,) olur.
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2.2. Teorem 0< a < 1, 0< 44 < 4, <1 olmak iizere
P, A, a,n,zy) 2 P, Ay, a,n, zp) (20)
dir.

Ispat. 0< A, < A1, < 1ve § > 0 olmak iizere, P(j, A, @, n, zy) 2 P(j, A5, a,n, z,) oldugunu gosterelim.
f(z) € P(j, A1, a,n,zy) ve A;=A, — § olsun. Lemma 1.3 kullanilarak

[oe]

12;1 [k” (%) (14 (k= DAY — zg-l] e
< i [k" (II:—Z) {14 (k— DA} - z{f—l] a, <1
k=j+1

elde edilir. Dolayisiyla, f(z) € P(j,1,, @, n, zy) olur.
2.3. Teorem: 0< a < 1,0< A <1,n € N ve j € N olmak tizere

PG, ALan+1,z5) € P(,A a,n, zy) (21)
diir.

Ispat. f(z) € P(j, A, a,n, zy) olsun. Lemma 1.3 kullanilarak

[o¢]

Z [k” (’1‘_;2) (4 Kk—-12) - zg-l] i

k=j+1
oo

< Z [kn+1 ('I_;Z)u + (k- 1A} — z{;—l] a <1

k=j+1
elde edilir. Dolayisiyla, f(z) € P(j, A, a,n + 1, z,) olur.

2.4. Teorem (6) ile tamimli f(z) fonksiyonu P(j, 4, a, n, z,) sinifinda olsun. Bu durumda |z| = r < 1 i¢in,

PGS SlONAR = 2)
T D+ 1)@ +D) - (1 —a)zpkt
ve
1- . 2
D@ < D — @3)
G+D"(J+1-a)A+,j1) - (1 - a)z
seklindedir. Burada, ze U ve 0 < m < n dir.
(22) ve (23) esitsizliklerindeki esitlik durumlari,
f2)=z- 1< 2t (z=4r) (24)

U+DU+1-a)(1+j2)
seklindeki ekstremal fonksiyonu ile saglanir.
Ispat. |z| = r < 1 olmak iizere f(z) € P(j, A, a, n, zy) olmasi igin gerek ve yeter sart

D™f(z) € P(j,A, a,n —m,zy)
olmasidir. Ayrica,
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- (25)
D™"f(z) =z — Z k™a, z*
k=j+1
esitligi ve Lemma 1.3 kullanilarak
z [k"(k— )1+ (k- D -1 - )z oy <1-a
k=j+1
olur. Bu son esitsizlik yardimiyla,
l—a> Z [k"(k — ){1 + (k — DA} — (1 — @)z~ ay
k=j+1
. nes . A
=(+D"G+1-a)A+jDaj +— (1 —a) Z o W20
k=j+1
. (n-m)(; , a- a)zo
>G+D™MG + 1 - a)(A +jDajq + o — Z k™ay
G+
k= ]+1
. . , . (1 - a)Zo
2+ DG4 L= DG+ D" g+ = Z k™a,
k =j+1
1 —
>+ DG+ 1— @) (L +jA) Z kma, - (-ayz Z k™a,
. g+nm
k=j+1 k=j+1
elde edilir ve buradan da
i _ ; m (26)
M < 1-a)(+1D

W G+DrG+1—a)(1+j1)—(1—a)z]

bulunur. (26) ifadesi, (25)’de yerine yazilirsa,

1-a)(G+D™ . i
G+ +1-a)A+jA) - (1 - O()Z(’)‘—lr] L<|D™f(2)]
<r+ 1-a)(G+1) i1

G+D"G+1-a)(A+j1)— (1 —a)zk™?
elde edilir. Boylece ispat tamamlanmais olur.
Teorem 2.4 de m = 0 alinirsa asagidaki sonug elde edilir.

2.6. Sonug (6) ile taniml1 f(z) fonksiyonu P(j, 4, @, n, zy) sinifinda olsun. Bu durumda |z| = r < 1 igin,

f@) =7 - - j+1 (27)
G+O"G+1-a)@Q+jA) -1 - cx)z(’)‘_1
ve
(1-a) j 28
f@ 21+ oo @€V (28)
olur.

(27) ve (28) esitsizliklerindeki esitlik durumlari (24) da tanimli ekstremal fonksiyonu i¢in saglanir.
Teorem 4.4.13’de m = 1 alinirsa asagidaki sonug elde edilir.
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2.7. Sonug (6) ile tamiml1 £ (z) fonksiyonu P(j, A, @, n, z,) sinifinda olsun. Bu durumda |z| = r < 1 igin,

TG P —tio U _— #)
G+D"G+1-a)(1+j1)— (1 - a)z§
ve
Ifl(z)l 2 1 + . . (1 (Z)(] + 1) — ')"j (Z € u) (30)
G+D"G+1-a)(1+j1)— (1 - a)z§
olur. (29) ve (30) esitsizliklerindeki esitlik durumlar1 (24)’da tanimli ekstremal fonksiyonu icin saglanir.
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Abstract

In this article, a solution to the morphological ambiguity problem which occurs frequently in morphologically complex
languages like Turkish is proposed. Generally, statistical methods are applicable for these tasks which maximize the
information, obtained for a probable word order sequence in a sentence. The decision in selection of the method for
calculation of the probabilities and the sequence selection method depends on the nature of the language. By using the
co-occurrence statistics obtained from a semantic graph network which represents the lemmas of the sentences, the best
word order sequence is selected from the alternatives. The non-ambiguous and free-word-order character of this
network is helpful in determining the statistics independently. The probability values are obtained by using the Naive
Bayes (NB) method and the selection of each word sequence is achieved by maximization, in the inspiration of the
Viterbi algorithm.

Keywords: Co-occurrence, Morphological ambiguity, Naive Bayes, the Viterbi algorithm
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Bu makalede, Tiirk¢e gibi bicimsel olarak karmasik yapida olan dillerde siklikla karsilasilan bicimbirimsel belirsizlik
problemi igin bir ¢oziim onerilmistir. Genellikle, bu tipte bir problemin ¢oziimii igin bir ciimledeki muhtemel kelime
swralarindan uygun olamin segilmesi icin bilgiyi maksimuma ¢ikaran istatistiksel yontemler uygulanmaktadr.
Olasiliklarin hesaplanmasi ve uygun siranmin segilmesi i¢in tercih edilecek metot uygulanacak dilin dogasina baghdir.
Ciimlelerde gegen kelimelerin madde bagslarinin olusturdugu bir anlamsal ¢izgeden elde edilen birliktelik istatistikleri
kullanilarak alternatifler arasindan uygun olan kelime sira dizilimi segilmektedir. Bu ¢izge aginin belirsizlik icermeyen
serbest sirall karakteri istatistiklerin bagimsiz olarak hesaplanmasinda oldukg¢a faydaldwr. Olasiliksal degerler Naive
Bayes (NB) yontemi kullamlarak elde edilmekte ve her kelime siralart arasimndan uygun olanimin, Viterbi
algoritmasindan esinlenilerek, maksimumu segilmektedir.
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1. Introduction

Natural languages, ambiguity occurs according to
the  researched  language’s  nature. In
morphologically simple languages, especially like
English, polysemous words can have different
senses according to their usage purposes in texts.
This kind of ambiguity problem is solved by
Word Sense Disambiguation (WSD) methods. On
the other hand, for the morphologically complex
languages like Turkish, Finnish and Hungarian the
output of the morphological analyser can cause
more than one solution for a word which causes
ambiguity. Lexical or syntactical disambiguation
methods help in removing this kind of
ambiguities. Recently graphs are getting more
popular in the application of lexical
disambiguation and WSD in many research (Sinha
and Mihalcea, 2007; Minkov et al., 2006; Fan et
al., 2011; Hessami et al., 2011).

The complex structure of the languages causes the
new words to be included and the useless ones to
be removed from usage. Sometimes, some
relations between words are stronger and
sometimes weaker as time goes by. Complex
networks are ideal for modelling these languages
according to the necessity. In general, the simplest
design is created by using the co-occurrence
relations between words in a text (Borge-
Holthoefer and Arenas, 2010). It is possible to
produce a co-occurrence graph by applying a
fixed-width window in a sentence or document
(Beliga et al., 2015). Co-occurrence graphs are
used in Natural language processing (NLP) fields
like text summarization (Mihalcea and Tarau,
2004), indexing (Matsuo et al., 2001), keyword
and keyphrase extraction (Lahiri et al., 2014;
Litvak et al., 2011), disambiguation (Duque et al.,
2018; Martinez-Romo et al., 2011).

In this study, a directed and weighted graph is
composed by ignoring the neighbouring
sequences, in an unsupervised fashion. This graph
is used in morphological disambiguation of
Turkish sentences which have at least one
ambiguous word. The second section of the study
summarizes the related work for this field, the
third section describes the methodology, the
fourth section gives the experimental results and
the fifth section concludes the study.

2. Related Work
Using co-occurrence of words in WSD takes place

in many NLP studies. In (Niwa and Nitta, 1994),
they have concluded that using co-occurrence
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vectors instead of distance vectors is
advantageous. In machine translation field, query
disambiguation tests provide better results when
co-occurrence statistics is applied (Ballesteros and
Croft, 1998). In (Duque et al., 2018), the paper
abstracts of bio-medical science are used to
construct a co-occurrence network of concepts for
WSD and the study achieved a 10% improvement
in accuracy. In another study (Martinez-Romo et
al., 2011), a co-occurrence graph is established to
cluster words with similar meanings and by
assigning weight values of statistical significance
using in WSD and Word Sense Induction (WSI).
When morphological disambiguation of Turkish is
considered, (Sak et al., 2007) provide the best
reported accuracy value in their study. They
collect the trigram statistics of the word features
and roots in the sentences and select the n-best
sequences by using the Viterbi algorithm.

3. Methodology

In this study, a semantic graph of Turkish lemmas
is composed by using the co-occurrence relations
existing in the sentence level. These relationship
statistics are used as an input to the Naive Bayes
(NB) method to be used in the selection of the
correct sequence in an ambiguous sentence.

Lemma is the dictionary form of a word in a
natural language. Lemmatization is used as a term
to discover the lemmas of the words. In the first
stage of the study, lemmas of Turkish Language
Association (TLA) are added to a graph database
to be wused in lemmatization. For the
lemmatization of words in corpus, we have used
the finite state automatas which are described in
(Eryigit, 2012). In the second stage, the sentences
in the corpus (Tahiroglu et al., 2014) are
lemmatized and lemmas are used as the main
component of the semantic graph by establishing
connections in-between. Co-occurrence provides
frequency increases of the graph. As a corpus,
57,000 sentences of Turkish newspaper texts are
processed.

3.1 Composition of the Semantic Graph

A semantic graph which has unambiguous
character is composed by connecting the lemmas
(If it is a lemma connect itself) of a sentence with
a relation property named ‘COOCCUR’. This
property is used to calculate co-occurrence
frequencies for further processing.

In the beginning, during the process of each
sentence, a tokenization is applied. Following the
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tokenization, all lemmas occurred in the sentence
are collected as a list. The inflected words which
have more than one lemma alternative (ambiguity)
are ignored to obtain a non-ambiguous semantic
graph. All the lemmas collected in the list are
connected to each other with ‘COOCCUR’
relation type.

Co-occurrence graph is trained as follows:
1. Take a sentence from the sentence dataset
2. Select a token from the sentence.

i. If the token is an inflected word
lemmatize it. If there is only one lemma
candidate of the inflected word (non-
ambiguity) add this lemma to the sentence
lemma list. If there is more than one
candidate (ambiguity) do nothing.

If the token is a lemma add it to the

lemma list

3. Connect all the lemmas in the lemma list with
a ‘COOCCUR’ relation type in the graph.

$ match (n) where n.name='festival

Lemma(10)

sanat ddnyasi

Graph
=
A

]
P

el

polisiye roman

D>

Co,
Code O

Cus,

JCCUR

CcOoOv

secici kurul

el sanatlan

Color:

relFreq=1 (If this relation occurs only
increment relFreq value)

4. Goto1l

5. End function

‘relFreq” value of ‘COOCCUR’ relationship

represents the lemma pairs which co-occur in a
sentence. Each lemma node name in the list is
checked with the others for a sentence and if there
does not exist a relation between lemmas a
‘COOCCUR’ relation with type ‘relFreq=1" is
established. If there exists a relation ‘relFreq’
frequency value is incremented.

In Figure 1, other lemmas connected to the lemma
node named ‘festival’ (fest in English) in the
semantic graph can be seen. As seen in the
Figure, nearly all other lemmas are semantically
related to the lemma ‘festival’.

return n

gerceklestime

O

festival

0D

C00pg,

sahne sanatlan

UR

o
COOCCUR

gelenekselles

o

sinema salonu

sinema perdesi

Line width

Figure 1. Lemma nodes connected to lemma node named ‘festival’ in semantic graph

3.2 Disambiguation Methodology

At the beginning of the disambiguation process,
each test sentence is lemmatized and all
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alternative word sequences (permutation) are
detected. An example sentence is introduced in
Figure 2 which has 6 alternatives:
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Saclan gozleri altindan  kirpikleri uzun kaslari biraz alinmig.
/ altin (N) \ / alin (N)
sag (N) —{ gz (N) kirpik (N) | uzun (N) > kas (N) | biraz (N) [+ alin (V)

N

alt (N)

AN

al (V)

Figure 2. An example sentence of sequences

As seen in Figure 2 there are two lemma
alternatives for the word ‘altindan’ and three
alternatives for the word ‘alinmig’. When 3 is
multiplied by 2 results is 6 representing the
permutation count for this sentence.

f(ai.a; "
P(q1,42) = fgq;qg = (qi=sag ve q;=gb2)
f(ai.q3
P(qi,q3) = (ai.g;) (qi=sag ve gi=altin)

f(atad)+f(ata?)

In the preceding equations, f represents the
frequency value (relFreq) of the relation between
qi and g} in co-occur graph. All the permutations

Following the detection of the sequences, Naive
Bayes values for each lemma sequence are
calculated using the lemma relation statistics
obtained from the co-occurrence graph. The
calculations are done as shown in Equations (1)
and (2):

1)
)

of the example sentence in Figure 2 can be seen in
Figure 3.

sac (N) | gdz (N) | altin (N) | kirpik (N) | uzun (N) | kas (N) | biraz (N) | alin (N)
sac (N) | gz (N) | alt (N) Kirpik (N) | uzun (N) | kas (N) | biraz (N) | alin (V)
sac (N) | géz (N) | altin (N) | kirpik (N) | uzun (N) [ kag (N) | biraz (N) | al (V)
sac (N) | goz (N) | alt (N) kirpik (N) | uzun (N) | kas (N) | biraz (N) [ alin (N)
sac (N) | géz (N) | altin (N) | kirpik (N) | uzun (N) | kag (N) [ biraz (N) | alin (V)
sac (N) [ géz (N) | alt (N) Kirpik (N) | uzun (N) | kas (N) | biraz (N) | al (V)

Figure 3. Six alternative sequences of the example sentence

Six Naive Bayes values are calculated for each
sequence in Figure 3 as:

P(Q1) = 1_[{\I=_11 ?’=i+1P(qi, Qj) 3)
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4. Experimental Results

4.1. Training of the Semantic Graph

Statistics of the semantic graph built by training
all the sentences in the corpus are listed in Table
1:
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Table 1. Statistics of the semantic graph

Lemma node count 79364
Connected Lemma count 18929
Co-occur relationship count 2121864
Trained sentence count 57K

The 79K TLA lemmas listed in Table 1 are used
for lemmatization. 18929 of these lemmas are
connected to each other with at least one
‘COOCCUR’ relation type after training.

4.2. Preparation of the Test Sentences

To obtain test sentences, at first, all ambiguous
sentences from the sentence dataset are selected.
The sentences which have fully inter-connected
(detected by using the co-occurrence graph)
lemmas are captured from the ambiguous
sentences. The resulting sentences are the input to
the disambiguation function as test sentences. The
statistics for the test sentences are shown in Table
2:

Table 2. Test sentence statistics

Sentence length < 150
Total sentence count 30000
Ambiguous sentence count 13725
Semantically connected sentence

180
count
Ambiguity rate 45.75 %

ginin en (en)

giniin (gin) en (en)

yiksek

Test output of a sentence trained with 57 K.
riksek (yiksek)
Test output of a sentence trained with 73 K.
(yiksek)

As seen in Table 2, 30K portion of the 57K
sentences is used to obtain test sentences. A
sentence size of minimum 150 characters is
applied as a filter to be able to select the sentences
with at least a few words. Semantically connected
sentences represent the sentences which include
lemmas full-connected with at least one
‘COOCCUR'’ relation in the semantic graph.

4.3. Test Results

180 ambiguous sentences are subject to the
disambiguation process. Since there are errors due
to lemmatization nearly half of the test sentences
are useless. The remaining sentences are
considered in accuracy calculation, as shown in
Table 3:

Table 3. Disambiguation test results

Semantically connected sentence

180
count
Permutations with equal value
. 72
(ignored)
Incorrectly lemmatized sentences 70
Correctly disambiguated sentences 26
Success ratio 68.42 %

The test results are checked in a supervised
fashion. The success ratio is 68.42% which can
increase in value with more training. When the
same test set is applied to a graph trained with
73K sentences there is one more correctly
disambiguated sentence as shown in Figure 4:

sentences:
2icakliklari (=icaklik)
sentences:

g2icakliklari (=icaklik)

Figure 4. Correct disambiguation with a larger train-set

As seen in Figure 4, the word ‘giinlin’ is selected
as ‘glini’ lemma alternative (red frame). This
erroneous selection is automatically corrected
after the training with a larger data-set as the word
‘giin’. This is because of the frequency increase
between some re-occurring relations between
some lemmas in the co-occurrence graph as
training goes by.

50

For the disambiguation of Turkish language, (Sak
et al., 2007)’s study improves the baseline study
(93.61%) by providing an accuracy value of
96.80%. Statistics for the trigram models are
provided by Markov method and Perceptron
algorithm is used for training and ranking.
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5. Conclusion

In this study, a disambiguation model is
implemented on an unsupervised lemma graph
database by using co-occurrence relations in-
between. Co-occurrence frequency statistics are
the main calculation parameter. A sentence with
ambiguous words may have many alternative
word sequences. Co-occurrence statistics are
helpful in solving this kind of ambiguity.

When we consider the disambiguation of Turkish
texts, features of words with their syntactical tags
and root relationships are the main source of
information in use. This study is different from
(Sak et al., 2007)’s study, which is nearest in
statistical means. We take the advantage of
lemma-to-lemma relationships in a global context
instead of trigram statistics of root-to-root
relationships of words. Also we cannot profit from
the syntactic features of words because of the
nature of our algorithm. In our knowledge, there is
not any work for morphological disambiguation of
Turkish, exactly as the same of our methodology,
which only relies on co-occurrence relationship of
words in semantical means.

A dense training graph, composed of hundred
thousands of words is needed to obtain more
accurate results in the application of this
methodology. More training will provide more
clues in sentence disambiguation with the
increased co-occurrence frequency values.
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Abstract

The Internet of Things (loT) is a vision of the future Internet. Due to limited resources of loT devices, a new generation
of protocols and algorithms are being developed and standardized. The Constrained Application Protocol (CoAP) has
been designed by the Internet Engineering Task Force (IETF) for application layer communication. CoAP is based on
User Datagram Protocol (UDP), a simple transport layer protocol that does not handle congestion within the network.
However, the phenomenon of congestion in 10T networks is also a major problem. Thus, the core CoAP specification
offers a basic CoAP congestion control (CC) mechanism based on retransmission timeout (RTQO) with binary
exponential backoff (BEB). Default COAP CC is insensitive to network conditions. Thus, to improve the default CoAP
CC, CoAP Simple Congestion Control/Advanced (CoCoA), defined in a draft specification, is being standardized by the
IETF CoRE working group. Nevertheless, comparison of default CoAP CC and CoCoA has not been sufficiently
investigated in the literature. In this paper, we investigate and present comparison of default CoAP CC and CoCoA in
terms of throughput (i.e. number of requests/second) by varying number of concurrent clients where each client
continuously sends back-to-back traffic to servers residing in 1x6, 3x6 and 5x6 grid network topology. Our results show
that CoCoA is not always better than default CoAP CC in terms of throughput in some scenarios. As a result, design
and development of new CoAP CC mechanisms are open to research.

Keywords: Internet of Things, Congestion control, CoOAP, CoCoA, Cooja, ContikiOS

Oz

Nesnelerin Interneti (IoT) gelecegin Internet inin bir vizyonudur. loT cihazlarinin sinrly kaynaklar: nedeniyle yeni nesil
protokoller ve algoritmalar gelistirilmekte ve standartlastiriimaktadir. Kisith Uygulama Protokolii (CoAP), uygulama
katmani iletisimi igin Internet Miihendisligi Géorev Gurubu (IETF) tarafindan tasarlanmigtir. CoAP, ag i¢inde
tikamikhig1 karsilamayan basit bir tasima katmani protokolii olan Kullanici Datagram Protokolii (UDP) iizerine
kurulmustur. Bununla birlikte, IoT aglarinda tikaniklik olayr da biiyiik bir sorundur. Bu nedenle, ¢ekirdek CoAP
spesifikasyonu, ikili iistel geri ¢ekilme (BEB) ile yeniden iletim zaman asumina (RTO) dayali temel bir CoAP tikanikiik
kontrolii (CC) mekanizmasi sunar. Mevcut CoAP CC, ag kosullarina duyarsizdir. Bu nedenle, mevcut CoAP CC'yi
gelistirmek i¢cin IETF CoRE ¢alisma grubu tarafindan taslak bir spesifikasyonda tanimlanan CoAP Simple Congestion
Control/Advanced (CoCoA) mekanizmast standartlastirilmaktadir. Ancak mevcut CoAP CC ve CoCoA'min
karsilastiriimast  literatiirde ~ yeterince arastirilmamistir.  Bu  ¢alismada, eszamanli  istemcilerin  sayisinin
degistirilmesiyle her istemcinin siirekli olarak 1x6, 3x6 ve 5x6 grid ag topolojilerinde yer alan sunuculara arka arkaya
trafik génderilerek mevcut CoAP CC ve CoCoA'nin performanslart is/zaman orani (yani istek sayisi/saniye) agisindan
karsilastiriimis ve sunulmugstur. Elde edilen sonuglar, CoCoA'nin bazi senaryolarda mevcut CoAP CC'den is/zaman
orani agisindan her zaman daha iyi olmadigini géstermektedir. Sonug olarak, yeni CoAP CC mekanizmalarimin
tasarimi ve gelistirilmesi arastirmaya agiktir.
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1. Introduction

The Internet of Things (loT) is a vision of the
future Internet where the network of physical
devices, embedded with electronics, software,
sensors, actuators, and communication unit and
protocols, enable to connect and exchange data
about themselves and their surroundings within
the existing Internet infrastructure. Experts
forecast that the 10T will include about 30 billion
physical devices and the global market value of
loT will reach $7.1 trillion by 2020 (Manjarekar
et al., 2018). The loT is bringing about new
generation of applications such as smart factories,
cities, homes, grids, power plants, automotive,
transportation, aerospace, aviation, healthcare and
agriculture (Bandyopadhyay and Sen, 2011; Li et
al., 2015).

Due to constrained energy, computation, memory
and communication capacities of 10T devices, a
new generation of protocols and algorithms are
being developed and standardized. The
Constrained Application Protocol (CoAP) was
constructed by the Internet Engineering Task
Force (IETF) for the needs of loT application
layer communication (Shelby et al., 2014). The
CoAP is a specialized web transfer protocol for
use with these constrained physical devices.
CoAP is based on User Datagram Protocol (UDP)
to better fit the requirements of constrained
physical devices. UDP is a very simple and
lightweight transport layer protocol that does not
handle congestion within the network. However,
the phenomenon of congestion in loT networks is
also a major problem.

When the queuing and storing capacities of
physical devices forming the loT network are
exceeded or generated traffic within loT network
gets close to the network capacity, network
congestion is inevitably observed. Typical effect
of network congestion results with queuing delay
and packet loss. Congestion decreases the network
utilization and can lead to congestive collapse.
Congestion control and avoidance mechanisms
are required to avoid congestive collapse. Thus,
the core CoAP specification offers a basic CoAP
congestion control (CC) mechanism based on
retransmission timeout (RTO) with binary
exponential backoff (BEB). Default CoAP CC is
insensitive to network conditions.

Because default CoAP CC mechanism is
conservative, rather than adjusting its behavior to
network  conditions, it may significantly
underperform.  Thus, = CoAP  specification
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encourages further CC mechanisms that leverage
information related to current network condition.
As a result, to improve the CoAP CC, CoAP
Simple Congestion Control/Advanced (CoCoA) is
being standardized by the IETF CoRE working
group (Bormann et al., 2018). CoCoA uses round-
trip time (RTT) measurements, dynamic RTO
backoff computations, and RTO aging method to
improve the performance of CoAP.

As far as we know, there exist some rare previous
studies on comparing the performance of default
CoAP CC and CoCoA (Betzler et al.,, 2014;
Betzler et al., 2015; Ancillotti and Bruno, 2017)
and comparing the performance of default CoAP
CC, CoCoA and alternative CCs ( Jarvinen et al.,
2015; Betzler et al., 2016; Lee et al., 2016). In
(Betzler et al., 2014, 2015, 2016), the authors
suggested CoCoA CC mechanism for CoAP and
showed that CoCoA obtains better results than
default CoAP CC in the larger part of considered
cases. In (Jarvinen et al., 2015), two TCP-based
RTO calculation methods, namely Linux RTO
and Peak-Hopper RTO, are proposed for CoAP
CC. The results show that all the alternatives of
default CoAP CC operate more efficient
particularly at higher congestion levels. In
contrast, the authors in (Betzler et al., 2016) find
out that Linux RTO and Peak-Hopper RTO
underperform default CoAP CC under certain
conditions. Hence, they do not recommend these
two RTO calculation methods as CC mechanisms
for CoAP. In (Lee et al., 2016), a new RTT-based
adaptive CC mechanism is proposed. The results
reveal that the proposed mechanism increases the
throughput of default CoAP CC. In (Ancillotti and
Bruno, 2017), as far as we know for the first time
in literature, the authors reveal that CoCoA
performs worse than default CoAP CC under
burst and light traffic loads in grid network
topologies.

Although the studies in (Betzler et al., 2014, 2015,
2016) show that performance of CoCoA is better
than or in worst case similar to that of default
CoAP CC, in (Ancillotti and Bruno, 2017) the
authors showed that CoCoA does not perform the
best in heavy and light traffic loads in grid
topologies. In addtion to the results obtained in
(Ancillotti and Bruno, 2017), in our work, we
additively reveal that CoCoA also performs worse
than default CoAP under moderate traffic loads
besides heavy and light traffic loads in grid
network topologies. We distinctly show that
CoCoA does not consistently perform the best in
different MAC protocol setups in grid topologies.
Particularly, as being different from the rest of
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previous studies, we considered three different
congestion scenarios, namely lightly, moderately
and heavily congested grid networks with two
different MAC approaches including nullMAC
and Carrier Sense Multiple Access (CSMA).

In this paper, we investigate and present
comparison of default CoAP CC and CoCoA in
terms of throughput (i.e. number of
requests/second) by varying number of clients
where each client continuously sends back-to-
back traffic to servers residing in a 1x6, 3x6 and
5x6 grid network topology operated with
nullMAC or CSMA. Our results show that
CoCoA is not always better than default CoAP
CC in our grid topologies and MAC protocol
setups. As a result, design and development of
new CoAP CC mechanisms are open to research.

This paper is organized as follows. Section 2
describes the default CoAP CC and CoCoA
mechanisms.  Sections 3  introduces the
experimental setup and methodology used to
compare the performance of CoCoA with default
CoAP CC. Section 4 is devoted to results and
discussion. Finally, Section 5 presents our
conclusion.

2. CoAP Congestion Control Mechanisms

In this section, we first describe the default CoOAP
CC mechanism. Then, we introduce the new
mechanisms leveraged by CoCoA.

2.1. Default CoAP Congestion Control

CoAP specifies four types of messages:
confirmable (CON), reset (RST), non-confirmable
(NON) and acknowledgement (ACK) messages
(Shelby et al., 2014). When a CON message is
transmitted by a client, an ACK message is
needed from the receiver. A CON message may
maximally be retransmitted four times before the
transmission is identified as failed. The initial
RTO value is set to a random value between two
and three seconds. This random initialization
prevents synchronization issues. If RTO runs out
and no ACK or response is obtained by the
receiver, the client presumes that the CON
message is lost. Hence, the client retransmits the
CON message again. Consequently, for the next
retransmission, the RTO value is doubled. This is
known as BEB algorithm. Upon four
retransmissions  without any reply, the
transmission is recognized as failed and the client
can send a new CON request to the same receiver.
Moreover, CoAP limits the number of parallel
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pending interactions to a single destination by
NSTART parameter that is set to a conventional
value of one by default. A pending interaction can
be a CON or NON request that has not been
replied yet.

2.2. CoAP Simple Congestion Control/Advanced
(CoCoA)

Default CoAP CC is insensitive to network
conditions. Hence, CoCoA leverages adaptive
RTO computations, a variable backoff factor
(VBF), and RTO aging. An RTO for remote
receiver (RTOoverall) is computed and updated in
adaptive RTO computations. The RTO is
computed adaptively by administering an
exponentially weighted moving average (EWMA)
of RTT and RTT-variation estimates. CoCoA
keeps two RTO estimators for any remote
receiver, referred to as the strong RTO estimator
(RTTsirong) and the weak RTO estimator (RTT yeax)-
The RTTstrong preserves RTT information when
no retransmission is obtained. On the other hand,
the RTTyex preserves RTT information from
retransmitted requests where the time is obtained
between delivering the initial request and
collecting the response. Succeeding equations
represent RTTVAR and RTT where RTTVAR
means the round-trip time variation, RTT means
round-trip time, and X represents the strong or
weak correspondingly when a new RTT
(RTTx_new) is measured.

RTTVARy = (1 — B) X RTTVARy + B
X |RTTy — RTTy,_ | (1)
RTTy = (1 — @) X RTTy + & X RTTy pew,

In (1), default values for o and B are 0.25 and
0.125, respectively. Consequently, any update of
RTTX results with an update of RTOX as

RTOx = RTTy + Ky X RTTVARYy, (2)
where Kstrong=4 and Kweak=1. Finally,
RTOoverall, which represents the total RTO value
kept up for a remote receiver, is calculated as

RTOgperan = ¥x X RTOx + (1 —yx) X (3)
RTOoverallr
where ystrong=0.5 and yweak=0.25. RTOoveall is
then utilized to decide the initial RTO (RTOinit).
Contrary to the BEB used in default CoAP CC,
CoCoA employs a VBF that sets the backoff value
depending on the RTOinit. Additionally, to
prevent the utilization of obsolete RTOoverall
estimates that may have turned out to be



Demir ve Abut / GUFBED CMES (2018) 53-60

counterfeit after some time, CoCoA employs an
aging method to the RTO estimation of remote
receivers.

3. Experimental Setup and Methodology

For our experiments, we run varying number of
clients and servers where the number of clients is
always the same with the number of servers. Each
client is programmed with Californium (Kovatsch
et al., 2014) implementation of CoAP where
default CoAP CC or CoCoA can be preferred as
congestion control mechanism. On the other side,
each server is programmed with Erbium
implementation of CoAP in Cooja (Kovatsch et
al., 2011) emulator of ContikiOS (Dunkels et al.,
2004) toolset. The CoAP servers are programmed
with ContikiOS that provide Erbium CoAP, UDP,

10C.0%

30m

(a) 1x6 grid topology

ulPv6, RPL, SICSlowpan, nullMAC or CSMA
based on nullRDC network stack over IEEE
802.15.4 physical layer.

Each client continuously sends back-to-back
traffic to CoAP servers residing in a 1x6, 3x6 or
5x6 grid network topology for three minutes, as
illustrated in Figure 1. Moreover, each client
randomly selects a server. For 1x6 grid topology,
the number of concurrent clients is varied as 2, 3,
4 and 5, whereas for 3x6 grid topology the
number of concurrent clients is varied as 3, 5, 13
and 17. Finally, for 5x6 grid topology the number
of concurrent clients is varied as 4, 6, 21 and 29.
By starting each particular client-server scenario
on 24 individual PCs simultaneously, we collected
and evaluated the experimental results.
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Figure 1. Overview of experimental setup consisting of 1x6, 3x6 or 5x6 grid topologies. The nodes are 30 m
apart from each other. The nodes with ID 1 represent the border gateways.
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4. Results and Discussion

Table 1 and Table 2 show the throughput results
of CoCoA compared to default CoAP CC using
nUllIMAC and CSMA for 1x6, 3x6 and 5x6 grid
topologies. In 1x6 topologies, where nullMAC is
used as a medium access protocol, it is observed
that CoCoA consistently outperforms default
CoAP CC. Contrary, in 1x6 topologies where
CSMA is used instead of nullMAC, the opposite
case is observed, i.e. default CoAP CC performs

better than CoCoA in terms of achieved
throughput. In all other cases (i.e. in 3x6 and 5x6
topologies), where nullMAC is used as a medium
access protocol, default CoAP CC performs better
than CoCoA. In contrast, if CSMA is used instead
of nullMAC, in some cases default CoAP CC
performs better than CoCoA (i.e. in experiments
with case ID’s 7, 8, 10, 11 and 12), and in some
other cases CoCoA outperforms default CoAP CC
(i.e. in experiments with case ID’s 5, 6 and 9).

Table 1. Comparison of default CoAP CC and CoCoA in terms of throughput using nullMAC

Case ID Number of clients Topology Def(ag(l;ﬁ:gé /Z)CC (Rggtiosfs\/s)
1 2 1x6 3.653 4.704
2 3 1x6 3.375 3.391
3 4 1x6 1.793 2.066
4 5 1x6 1.412 1.506
5 3 3x6 3.195 2.888
6 5 3x6 3.206 3.046
7 13 3x6 1.087 0.956
8 17 3x6 0.748 0.628
9 4 5x6 3.829 3.353
10 6 5x6 3.008 2.483
11 21 5x6 0.920 0.905
12 29 5x6 0.747 0.695
Table 2. Comparison of default CoAP CC and CoCoA in terms of throughput using CSMA
Case ID Number of clients Topology Defggégggé /F;)CC (Rggtizg/s)
1 2 1x6 3.166 2.612
2 3 1x6 2.046 1.682
3 4 1x6 1.613 1.374
4 5 1x6 1.379 1.052
5 3 3x6 2.639 2.670
6 5 3x6 1.635 1.766
7 13 3x6 0.850 0.828
8 17 3x6 0.623 0.565
9 4 5x6 3.250 3.403
10 6 5x6 2.733 2.493
11 21 5x6 0.896 0.780
12 29 5x6 0.626 0.600

Figure 2 through Figure 4 illustrate the percentage
increase or decrease rates in throughput of CoCoA
compared to default CoAP CC using nullMAC
and CSMA for 1x6, 3x6 and 5x6 grid topologies,
respectively.
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As illustrated in Figure 2, if CoCoA and default
CoAP CC run with nullMAC in 1x6 topology,
CoCoA outperforms default CoAP CC relatively
improving the throughput ranging between 0.47%
and 22.34%. In contrast, if CoCoA and default
CoAP CC run with CSMA in 1x6 topology,
CoCoA underperforms default CoAP CC
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relatively worsening the throughput
between 17.39% and 31.08%.

ranging

According to Figure 3, if CoCoA and default
CoAP CC run with nullMAC in 3x6 topology,
CoCoA underperforms default CoAP CC
relatively worsening the throughput ranging
between 5.25% and 19.11%. Differently from the
previous case, when CoCoA and default CoAP
CC run with CSMA in the same topology, CoCoA
outperforms default CoAP CC when the number
of concurrent clients is 3 or 5 improving the
throughput to 1.16% and 7.42%, respectively.
When the number of concurrent clients is 13 or
17, CoCoA underperforms default CoAP CC

30
20

10

-30

-40

Percentage Increase/Decrease Rate (%)

relatively worsening the throughput to 2.66% and
10.27%, respectively.

Finally, in Figure 4, it is seen that independent of
whether CoCoA and default CoAP CC run with
nullIMAC or CSMA (except the case where
CoCoA and default CoAP CC run with CSMA
and the number of concurrent clients is 4) in 5x6
topology, CoCoA consistently underperforms
default CoAP CC relatively worsening the
throughput ranging between 1.66% and 21.14%.
In case where CoCoA and default CoAP CC run
with CSMA and the number of concurrent client
is 4, CoCoA outperforms default CoAP CC
relatively improving the throughput to 4.50%.

I 1 =
3 4
20

Number of concurrent clients
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Figure 2. Percentage increase/decrease rates in throughput of CoCoA compared to default CoAP CC using

nullMAC and CSMA for 1x6 topology
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Figure 3. Percentage increase/decrease rates in throughput of CoCoA compared to default CoAP CC using

nullMAC and CSMA for 3x6 topology

58



Demir ve Abut / GUFBED CMES (2018) 53-60

10

-10

-15

-20

Percentage Increase/Decrease Rate (%)

-25

[ox)

21 R

Number of concurrent clients

5x6 - NullMAC

5x6- CSMA

Figure 4. Percentage increase/decrease rates in throughput of CoCoA compared to default CoAP CC using

nullMAC and CSMA for 5x6 topology

With these results, we demonstrate that MAC-
level protocol setups influence the performance of
the used CC mechanism. For example, in 1x6
topology, when nullMAC is used, CoCoA
performs better than default CoAP CC in almost
all traffic loads. On the other hand, in 1x6
topology, when CSMA is used, default CoAP CC
performs better than CoCoA. Moreover, we
investigated the performance of default CoAP CC
and CoCoA in varying traffic loads, namely in
lightly, moderately and heavily congested 1x6,
3x6 and 5x6 grid network topologies. Unlike other
studies in the literature where CoCoA was shown
to be superior to default CoAP CC under only
heavy and light traffic loads, we observe and
highlight that default CoAP CC outperforms
CoCoA in almost all light, moderate and heavy
traffic loads when CSMA, the most commonly
used MAC protocol, is employed in considered
grid networks.

The analysis of these results indicates that both
CC mechanisms have their own shortcomings,
and there is no generalizable superiority of one
CC mechanism over the other that consistently
performs well over all topologies, MAC protocols
and varying traffic loads. Particularly, CoAP has
the demerit of having a conservative
retransmission timer which can cause long idle
times before the lost packet is retransmitted
during timeout period. On the other side, CoCoA
can lead to unnecessary retransmissions, causing
more congestion and resulting with reduced
throughput. To overcome the shortcomings of CC
mechanisms, one possible way would be to design
enhanced CC mechanisms which may accurately
adapt network conditions.
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5. Conclusion

In this paper, we investigated and presented
comparison of default CoAP CC and CoCoA in
terms of throughput (i.e. number of
requests/second) by varying number of concurrent
clients where each client continuously sends back-
to-back traffic to servers residing in 1x6, 3x6 and
5x6 grid network topologies. At the client-side,
we configured 24 PCs to execute concurrent
clients that use Californium implementation of
default CoAP CC and CoCoA. At the server-side,
we also used the same PCs to run varying number
of servers that use Erbium implementation of
CoAP in Cooja simulator of ContikiOS. Our
results show that CoCoA is not always better than
default CoAP CC in terms of throughput in some
scenarios. As a result, design and development of
new CoAP CC mechanisms are open to research.
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Abstract

In this study, we propose an electrical circuit model that will be useful for understanding of the mechanisms and
dynamics of the human cardiovascular system, which is considered as a complex system in the field of physiology. The
electrical circuit model, defined as the Windkessel model, plays an important role in the observation of the
characteristic effect of the blood pressure on the arterial system. An electrical circuit model, which we have connected
to the input terminals of the Windkessel model, ensures that the mean arterial blood pressure signals are observed
within the expected range of values. The Windkessel circuit model that we have tried to develop in this study was
constructed in a laboratory environment and the results were observed. It is thought that this study will contribute to the
literature in terms of the development of the Windkessel model by increasing the number of parameters involved in the
models of heart and arterial system.

Keywords: Arterial system, Mean arterial blood pressure, Windkessel model

Oz

Bu ¢calismada, fizyoloji alaninda karmasik bir sistem olarak kabul edilen insan kardiyovaskiiler sistemin sahip oldugu
mekanizmalarin ve dinamiklerinin anlasilabilmesine fayda saglayacak elektriksel bir devre modeli onerilmektedir.
Windkessel model olarak tanimlanan elektriksel devre modeli, kalpten pompalanan kan basincinin arteriyel sistemdeki
karakteristik etkisinin gozlemlenmesinde onemli rol oynamaktadir. Windkessel modelin girisine entegre ettigimiz ayri
bir elektrik devre modeli, ortalama arteriyel kan basinct sinyallerinin beklenen deger araliklarinda gozlemlenmesini
saglamaktadir. Bu ¢alismada ele alinan ve gelistirmeye ¢alistigimiz Windkessel devre modeli laboratuvar ortaminda
kurulumu gergeklestirilmis ve sonucglarit gézlemlenmistir. Kalp ve arteriyel sistem iliskisinde rol alan parametre
sayilarimin arttirtlarak, Windkessel modelin gelistivilmesine bir alt yapt olmast agisindan bu ¢alismanin literatiire katki
saglayacag diigiiniilmektedir.
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1. Introduction

Human physiology has a complex structure in
terms of system dynamics. Direct computation or
modeling of this structure is difficult. Using
modeling techniques and technologies helps to the
researchers to analyze and  understand
physiological systems. Modeling on physiological
systems has become a popular research field in
recent years with major contributions coming
from a mix of physiologists, mathematicians, and
engineers (Guyton et al., 1972; Khoo, 2000).
Human physiology includes major systems that
maintain  vital  functions. The  human
cardiovascular system (CVS) is one of the major
systems of physiology that it consists of the heart
and vascular system (Guyton and Hall, 2006; Bora
et al., 2017). Various modeling techniques of
different disciplines are used to explain dynamics
of CVS, such as blood pressure, blood flow, blood
flow velocity, blood volume, etc. Behavior of
CVS is tried to be modeled by techniques, such as
fluid mechanics (Olufsen, 2001), electrical circuit
model (Westerhof et al., 2009; Fazeli and Hahn,
2012; Kokalari et al., 2013), computer based
modeling (Bora et al, 2017; Al-Jaafreh et al.,
2005), control theory (Wu et al., 2005),
mathematical and numerical modeling (Quarteroni
et al., 2002).

In comparison to several mathematical and
electrical models of CVS, the researchers have
used different approaches with the aim of
providing better understanding and modelling of
the wvascular system dynamics and heart
mechanism in the CVS (Abdolrazaghi et al.,
2010). In this work, an electrical circuit model is
defined to observe the arterial system dynamics.
Windkessel model which is represented by
electrical model of the arterial system is a
mathematical model related to the relationship of
between blood pressure and blood flow. In the
literature, Windkessel model has been
implemented for several numbers of compartment
lumped parameters by using differential
equations, laplace transforms, the equations of
fluid dynamics, block diagrams, and conceptual
formulation of the effects between the heart and
systemic arterial system (De Pater and Van Den
Berg, 1964). In this study, we use 3-elements
Windkessel model. Unlike other studies, we have
added a clamper circuit to the Windkessel model
to observe the desired results in normal
conditions, assuming the physical parameters of a
healthy adult individual. This work contributes to
the electrical analogue of the Windkessel model;
thus we propose to extend the model with
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electronic components to improve the Windkessel
model behavior. We plan to improve the model
with integrated circuits in the future.

We have organized this paper as follows: Section
2 offers a detailed account of the arterial system.
Details of the Windkessel model, the electrical
circuit model of the arterial system, are described
in Section 3. Proposed Windkessel model and its
results are illustrated in Section 4. Evaluated of
the results of this study and suggestions are given
in the Conclusions section.

2. Arterial System

CVS can be described as a closed circuit model
which consists of the heart (cardio) and blood
vessels (vascular). CVS provides blood circulation
within the body through the blood vessels
(Guyton and Hall, 2006; Marieb and Hoehn,
2010; Bora et al., 2017). The heart is an important
vital component of CVS. The blood is pumped
from the heart to the blood vessels. Therefore,
parameters such as blood pressure, blood flow,
resistance, in terms of vascular system dynamics
are important. Vascular system consists of the
arterial system, capillary and venous system. The
arterial system consists of arteries and arterioles
which carry oxygen-rich blood away from the
heart through the body. The aorta is the largest
and main artery of the human body. Capillaries
are the smallest vessels where diffusion occurs
between blood and cells in tissues. Venous system
involves veins, like the vena cava and pulmonary
veins that carry oxygen-poor blood back to the
heart (Guyton and Hall, 2006; Jahangir, 2016;
Bora et al., 2017). The oxygen-rich blood pumped
from the artery is transported to the tissues and
organs through the capillaries from the arterial
system, where the circulation of the oxygen-poor
blood through the venous system is defined as
systemic circulation (Figure 1).

Capillery

!

Veins I

<—| Vena-cava |'—|

Figure 1. Systemic circulation

The left ventricle, defined as the left heart in
Figure 1, is the only gate to the arterial system.
The left ventricle pumps oxygen-rich blood under
a certain pressure. Blood vessels are flexible and
this flexibility significantly affects blood flow
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dynamics (Capoccia, 2015). For example, the
aorta has the highest elasticity due to its
distinctive elastic layers (Guyton and Hall, 2006).
The aorta has a significant dynamic structure
when analyzing local blood flow characteristics
such as pressure and blood flow fluctuations in the
arterial system. The mechanism of a fluid in a
straight pipe relative to hydrodynamic laws
(Kinsky, 1982) has a similar meaning to the
mechanism by which pressure is transmitted
through the blood, which is a propelling force
through the vessel (Oertel, 2005). This thrusting
force arises from the energy difference between
any two points of the vessel. This is actually
Ohm's law, which is based on hemodynamics
(Guyton and Hall, 2006). According to Ohm's
law, the blood flow (F) in the vessel is calculated
by equation (1). AP is pressure difference
(pressure gradient) between the two endpoints of
the vessel. R is resistance against the blood flow
along the vessel.

F=— )
The main purpose of hemodynamics is to deliver
blood to the tissue capillaries at a sufficient
pressure and to ensure the continuity of
circulation through the mechanisms that will
allow the oxygen-poor blood to return to the heart.
The time from the heartbeat to the next beat is
defined as a heart cycle. For this reason, blood
pressure pumped from the heart can change as a
function of time. The mean arterial blood pressure
curve during a cardiac cycle is shown in Figure 2.

3
o
x

Pressure (mmHg)

3
=

1 cardiaccycle —>

time (sec)

Figure 2. The mean arterial blood pressure
(Guyton and Hall, 2006)

In Figure 2, the minimum pressure is between 60
and 89 mmHg and the maximum is between 100
and 140 mmHg (Bora et al., 2017).

There are various methods that are used in
modeling the CVS (Creigen et al., 2007). The
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Windkessel model explained in Section 3 was
included to the literature as an electrical analogue
where the parameters of CVS were represented by
electrical components in an electrical circuit
model.

3. Electrical Circuit Model

The German physiologist Otto Frank (Frank,
1899) introduced the Windkessel model in his
article. Frank has identified the heart and arterial
system as a closed hydraulic circuit. This circuit
consists of a water pump connected to an old type
of firefighting mechanism, which is connected to
a chamber filled with water except for some air.
When the pump starts to work, water tries to push
the water towards the outlet of the compartment
by compressing the air (Westerhof et al., 2009;
Mei et al., 2018). This mechanism can be
represented as an electrical circuit model. In the
electrical circuit model, the fluid defined as the
water in the fluid spaces of the fluid mechanism
corresponds to electric charges which describe all
electrical phenomena: 1) electric force, i.e.
potential difference (voltage) and 2) the motion of
charge creating electric fluid, i.e. electric flow
(current). The blood flow in the vessel in the CVS
can be represented based on the relation of
current, voltage and resistance in the electric
circuits under Ohm's law. The electrical analogue
of the CVS parameters is shown in Table 1 (URL-
1, 2017).

Table 1. Electrical analogue of some CVS
parameters

CVS parameters Electrical analogue

Potential difference (V)
Current (1)

Resistance (R)
Capacitance (C)

Blood pressure (P)
Blood flow (F)
Resistance (R)
Compliance (C)

Pi. ap_. P2
=~ —~ V1 VZ
A
F — ‘ |
R
F=P1_P2 I=V1;V2

Hemodynamic parameters of the CVS exhibit the
characteristic behavior of the blood vessel. The
flow in the blood vessel is determined by two
factors: (1) the pressure difference (AP) of the
blood between the two ends of the vessel; (2)
resistance to blood flow through the vessel, called
vascular resistance. P, denotes the pressure at the
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beginning of the vessel, and P, denotes the
pressure at the other end of the vessel. Resistance
is caused by friction along the entire inner surface
of the vessel. The blood flow in the vessel can be
calculated according to Ohm's law, as shown in
equation (1). Ohm's law refers to the most
important relationships that are necessary to
understand circulatory hemodynamics.
Transmission of the blood flow (F) to the tissues
is caused by the pressure difference. The
compliance (C) is related to flexibility and
extensibility of the vessel. In electrical analogue
of the capacitor, it means that it stores potential
energy electrostatically in an electric field.
Capacitance (C) means the effect of the capacitor.
In physiology, we can define compliance as the
total amount of blood that can be stored in
response to an increase in pressure per mmHg in a
given area of circulation.

In CVS, blood flow to the vascular system is
achieved by pumping the heart under a certain
pressure. The aortic valve opening into the arterial
system from the left ventricle of the heart
transmits the blood flow in a single direction. The
blood that is pumped under high pressure from the
left ventricle opens the aortic valve, causing the
constriction and dilation of the vessel. The 3-
element Windkessel model definition of this
system is shown in Figure 3.

X

u(t) —_C

Figure 3. Representation of the arterial system
along the aorta in the 3-element Windkessel
model

In Figure 3, the input signal u(t) representing a
blood pressure is applied to the circuit. The 1 kQ
resistor represents resistance of the aortic valve to
the blood flow. A 1uF capacitor in the circuit
defines the constriction and dilation of the vessel.
The 10 kQ resistor is defined as the resistance of
arterial vessels to the blood flow.
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The Windkessel model is a mathematical model
with 2, 3 and 4 elements in the literature
(Westerhof et al., 2009; Kokalari et al., 2013).
This circuit model can be calculated by
differential equations. In this study, 3-element
Windkessel circuit model is observed in the
laboratory by adapting to CVS parameter values.

4. Experimental Study

In this study, an electrical circuit was constructed
in the laboratory environment so that we could
observe the effect of the blood pressure on the
arterial system. This circuit, which is defined as a
3-element Windkessel model, is shown in Figure
4.

u(t) T —— 10kQ

Figure 4. 3-element Windkessel model

When a square wave input of £ 5 volts 0.66 kHz is
applied to the input of the circuit given in Figure
4, the input and output waveforms observed from
the circuit are shown in Figure 5. Since the time
constant T (0.05 sec. with given a 10 kQ resistor
and a 1uF capacitor) is greater than the period of
the input signal (0.0015 sec.), the capacitor does
not charge to the peak of the input and it only has
a potential to charge to a value of 2.5 volts. On the
other hand, when the input voltage goes negative,
the capacitor does not fully discharge and sinks
down to -2.5 volts.

Figure 5. The square wave input signal applied to
the 3-element Windkessel circuit model and the
observed output signal

The signals observed in Figure 5 do not reflect the
expected range of the mean arterial blood
pressure. For this reason, a diode clamper is added
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to the 3-element Windkessel model (Selek, 2017),
which can provide the expected consistency of the
results. This circuit clamps the AC signal to the
DC level so that the arterial blood pressure
remains at the minimum and maximum levels.
This circuit is shown in Figure 6.

1uF —— 10 ko|:|

Figure 6. Windkessel circuit model and a clamper

1pF 1kQ

33kQ
u(t)

—_— 1oV
T

In Figure 6, a square wave input of + 5 volts 0,25
kHz is applied to the input of the circuit. This
circuit can show the mean arterial
between 8 and 12 volts as in Figure 7.

pressure

Figure 7. Input and output signals defined as the
mean arterial pressure of the Windkessel model

Figure 8 shows an electrical circuit representing
the arterial system, an experimental set-up
providing input signal to the circuit and power
supply, and an oscilloscope.

Blood pressure is a non-electrical biological
signal. In order to be able to observe blood
pressure signals in a circuit model, it is necessary
to make some assumptions as in this study. Under
normal circumstances, the average arterial blood
pressure in an adult individual can be measured as
between 80 and 120 mmHg (Guyton and Hall,
2006). These values were represented with the
peaks of output voltages observed as 8 and 12
volts with the signal which was applied to the
input of the circuit under laboratory conditions.

5. Conclusions
In this study, the electrical analogy of the basic

parameters of the arterial system (blood flow,
compliance and resistance) was examined. The
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characteristic behavior of the arterial system is
described with the electrical circuit model known
as the Windkessel model. This work has some
limitations in defining of the model. We consider
that Windkessel models consist of differential
equations that relate the CVS dynamics. We do
not make any calculations for the models we offer
in this study. We present an experimental study
which we interpret the dynamics of vessel
behaviors by observing the results. In this study, it
is expected that Windkessel model, which is
supported by a separate circuit, achieves a suitable
circuit potency to be further improved by
increasing the system parameters.

Figure 8. Electrical circuit representing the
arterial system
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Abstract

Determination of semantic relatedness between two textual items is one of the crucial phases in many Natural Language
Processing applications. In this study, a new approach to lexicon based semantic relation determination methods was
experienced using WordNet 3.0 and Men’s real-life similarity dataset. Men’s test collection was used for the
determination of the relation weights and determined weights were used in semantic relatedness computation. RG65
similarity dataset was used for a benchmark of the proposed method and Spearman correlation 0.81 was gained, taking
into account that retrieving the relations weight using a large scale dataset and testing them with another real-life dataset
promises new perspectives to the determination of the relations weight and to the relatedness computation.

Keywords: Natural language processing, Semantic relation, WordNet

Oz

Bir¢ok dogal dil isleme uygulamasinda metinsel iki 6genin anlamsal iliskisinin tespit edilmesi ¢ok dnemli bir asamadir.
Bu ¢alismada WordNet 3.0 ve Men’s veri seti kullanarak sozliik tabanli anlamsal iligki belirleme metodlart i¢in yeni bir
yaklasim sunulmaktadwr. Anlamsal agirliklarin hesaplanmasinda Men’s veriseti kullanilmis ve bulunan degerler
anlamsal agirlik hesaplanmasinda kullanilmistir. Onerilen metodun dogrulugunu dl¢gmek icin RG65 benzerlik veriseti
kullanilmis, kayislama sonucunda 0.81 Spearman korelasyon degeri elde edilmistir. Biiyiik boyutlu bir verisetinin
gelistirme ve test icin kullanilip, diger onemli bir verisetinin de kiyaslama amacgl olarak anlamsal iligki tiplerinin
agirliklarimin belirlenmesi ve anlamsal iligkinin hesaplanmasinda kullanilmasi anlamsal benzerlik ve anlamsal iliski
hesaplanmasina farkl bir bakis agisi getirmektedir.

Anahtar kelimeler: Dogal dil isleme, Anlamsal iliski, WordNet

*2 Cagatay TULU; cagataytulu@gmail.com; Tel: (0322) 4550010; https://orcid.org/0000-0002-4462-3707
> orcid.org/ 0000-0003-1882-6567 “orcid.org/0000-0002-2953-2698

ISSN: 2146-538X http://dergipark.gov.tr/gumusfenbil



Tiilii et al. / GUFBED CMES (2018) 67-78

1. Introduction

Scaling the relatedness of two different concepts
always takes attention from the researchers,
assigning a value to the relatedness of two
concepts brings new research opportunities
especially for expert systems, smart applications,
automatic question answering systems, text
summarization, short answer grading, and many
other Natural Language Processing (NLP)
applications. Developing a mathematical model
for real-life problems enables to generate
algorithm and helps to solve them easily and
consistently by the machine. So it is very
important to use tools and resources that are
compatible with mathematical operations.

WordNet (Fellbaum, 1998) is a lexical semantic
knowledge base designed for the English
language. It is in a graph structure, so it can be
adapted to perform mathematical operations.
WordNet’s core elements are concepts and
relations. While concepts represent the unique
semantic entities, relations are the semantic signs
to address the relations between two concepts.
There are twenty-six different type of relations
defined in WordNet version 3.0. The most
common relation is the Hypernym/Hyponym
relations. Each concept is connected to neighbor
concepts through relations. By these connections
and concepts, WordNet can be represented as a
graph network. Concepts are the nodes (vertex) of
the graph and relations between concepts are the
edges of the graph. This structure enables that
relatedness between concepts in the graph
network can be calculated using graph metrics.
One of the important metrics is the path between
two concepts. The path is the combination of
nodes and edges. Relatedness can be measured by
the length of the path. Type of the relation is
important; WordNet-based semantic similarity
measurement studies generally use
hypernym/hyponym relation types, because they
have well defined hierarchical structure. Hirst and
St Onge (Hirst and St-Onge, 1998) have used
direction change of the path in addition to path
length, Wu and Palmer (Wu and Palmer, 1994)
have used Lowest Common Subsumer (LCS) of
the concepts and depth of the concepts from the
top entity in the hierarchy.

A real-life dataset for the semantic relatedness
consist of the word pairs (wordl,word2) and
relatedness value for each pair, they are evaluated
by native English speakers, by the way, they give
judgment of relatedness for a word pair
(wordl,word2), judgment can be made with
numerical value or as true-false approach. There
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are several real-life datasets like RG65
(Rubenstein and Goodenough, 1965) consists of
65-word pairs, MC30 (Miller and Charles, 1991)
with 30-word pairs, WordSim353 (Finkelstein et
al, 2001) with 353-word pairs, Mens 3000 (Bruni
et al, 2014) with 3000-word pairs.

In this study, we have focused on determining the
weight of semantic relations which connects one
concept to another in the WordNet as illustrated in
Figure 1. Men’s 3000 (Baroni et al, 2014) real-life
dataset is used in the development phase of the
proposed system. Using Men’s 3000 real-life
datasets in the proposed method, the weight of the
relations in the WordNet is determined.
Determined relations weights are applied to the
real-life dataset RG65 simply multiplying the
weights of the relations in the path and relatedness
score is obtained. To evaluate the success of the
found relatedness values in the RG65 real-life
data set is used.

Rest of the paper is organized as follows; section
2 gives brief literature history of the semantic
relatedness and semantic weight determination
methods, section 3 presents detailed information
about the method of the study, section 4 explains
benchmark and evolution tests, section 5 is results
and discussion part. And finally, section 6 is the
conclusion of the study and gives a future aspect
of the proposed method.

2. Related Works

Semantic relatedness, semantic similarity or
semantic distance is the terms used for the same
purposes, it aims to determine whether two textual
items are related or not in a semantic manner.
These textual items can be a single sense
(concept), single words or short texts like
sentences or  paragraphs or  documents.
Relatedness of two textual items can be computed
using several approaches; the first one is statistical
approaches (Li et al, 2003; Sultan et al, 2014); it
uses corpus statistics of the textual items and
compares them according to retrieved statistical
values from the corpus and generates relatedness
score. The other one is knowledge-based
approaches (Agirre and Soroa, 2009; Hughes and
Ramage, 2007); it uses the features of hierarchical
lexical knowledge bases. WordNet and
conceptNet (Speer and Havasi, 2012) are the
important  ontology-based  structured lexical
knowledge bases. Wiktionary (en.wiktionary.org)
are lexicon based free multilingual knowledge
base developed collaboratively by people around
the World and Babelnet (Navigli and Ponzetto,
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2012) is another type of the knowledge base
using multiple sources with cross-lingual
structure. The last approach for relatedness is the
hybrid approach(Meng et al, 2012) that combines
knowledge-based and corpus-based approaches
together.

Knowledge-based semantic relatedness
computation methods use a resource that is consist
of unique entities. These entities are called
concepts. Each concept contains lexical or/and
encyclopedic information about the concept and
relation information to the other concepts.
WordNet contains semantic relations among the
concepts (known as synset) and their POS (Part of
Speech) information. WordNet based methods are
used for the semantic similarity measurement of
short texts like senses, words, sentences and short
paragraphs. Semantic relations in the WordNet are
one of the key elements to the semantic
relatedness computation. In the hierarchical
structure of the WordNet, these relations provide
the ability to reach from one concept to another.
From originating synset to the destination synset
in the WordNet, retrieving a path that consists of
nodes and relations gives us the ability to make
mathematical operations. Assigning a numerical
value to the nodes and relations enables similarity
calculation to be more accurate.

There are several studies in the literature about
weighting the relations in the relatedness
computation of WordNet concepts, one of older is
the Hirst&St-Onge (Hirst G. and St-Onge D,
1998) method, in this method relatedness between
two concepts in the WordNet is calculated using
the path length and direction change of the path
from originating to the destination concept. In this
approach, relation type hypernym and autonomy
are taken into account and only noun concepts are
used and the weight of these relations are given as
numerical value 1. Another approach is the Wu-
Palmer (Wu Z., Palmer M., 1994) method that
uses both path length and taxonomic depth of the
concepts. Yang and Powers (Yang and Powers,
2005) have proposed edge counting techniques for
the weight of the relation types. In this method,
two kinds of searching methods in the graph are
used, bidirectional depth-limit search (BDLS) and
uni-directional  bread-first search  (UBFS),
combining the metrics taken from this searches,
similarity/relatedness value is generated. This
method uses the relation type in three different
level, the first one is an identical level where two
concepts are identical relation weight is 1.0. The
second one is synonym/antonym level where
relation weight is taken as 0.9, this is also called
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intermediate level, lower level relation weight is
taken as 0.85, relation types hypernym/hyponym
and holonym/meronym are the examples of lower
level relation types. Searching depth is another
parameter in this method, and the value of
searching depth depends on the type of relation.
This method also covers the verb similarity. It has
been tested in 28 noun pair dataset (Miller and
Charles, 1991), and the correlation of this method
to human judgment is found as 0.921.

The other important study about relation
weighting has been performed by Ahsaee et al
(Ahsaee et al, 2014) in which they suggested
using the weight of an edge as 1.0 in the leaf
nodes, and decreasing the weight of node
according to proximity to the root. For example, a
leaf node takes the weight as 1.0, one step up of
the node to root is taken as 0.9, two steps upward
are taken as 0.81. It is assumed that when a
concept goes up from the leaf node to the root
node, its subjectivity decreases and objectivity
increases. This method also achieved high
correlation in the RG65 dataset, this method takes
hypernym/hyponym relation and cover just nouns.

Siblini and Kosseim (Siblini and Kosseim, 2013)
have categorized the relations and assign a
numerical weight into each category. Semantic
categories are Similar, Hypernym, Sense, Gloss,
Part, Other Instance. They have created a
semantic network using the WordNet 3.1 as a
source. In addition to the synsets in the created
graph, they have defined node type word to point
relation between synset and concept for the sense
and gloss relation types. Sense relation from
synset to the word is created for the different word
forms of a synset and gloss relation from synset to
the word is created for each keyword in the
synset’s  definition. For example, synset
(automobile) is connected to the car node with
sense relation and Wheel node with gloss relation.
Generated graph network in the mentioned study
consists of around 265k node and around 2
million relations. In order to measure semantic
relatedness of given two concepts, that have used
path cost from originating to the destination node,
the path cost is calculated using relation types and
weights in the path and also some other constant
parameters are used. This method had given a
performance in a MC30 dataset with Pearson
Correlation value=0.93, but it gives poor
performance in WordSim353 dataset with
correlation 0.5. In the other WordNet-based
approach systems like PageRank (Brin and Page,
1998), weights of the relations are generally taken
as numerical value 1.0. These methods generally
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focus on other graph parameters than relation
weights.

Machine-learned vector space model (Speer and
Chin, 2016) has used which combines word
embedding that is produced by GloVe
(Pennington et al., 2014) and word2vec(Mikolov
et al., 2013) using tightly structured semantic
networks like conceptNet(Speer and Havasi,
2012). Kartsaklis et al (Kartsaklis et al, 2018)
have proposed a method which maps the natural
language texts to the knowledge-based entities,
they have enhanced LTSM model with a dynamic
disambiguation mechanism on the input word
embeddings that address polysemy issue. This
method has gained state of the art performance in
many word-similarity evaluations.

3. Methodology

Initially, we have examined “The MEN Test
Collection” (Bruni et al, 2014) relatedness dataset,
it was prepared for the benchmark purposes of the
similarity/relatedness  studies.  During  the
experiment, we have observed that relatedness
between two concepts is mostly affected by the
relation type and path length. Generally,
relatedness and path length have a negative
correlation. The shortest path between two
concepts is the key parameter to prove the
strength of relation in WordNet. But the strength
of the relation of two concepts depends not only
on the shortest path. Daily usage and cultural
diversity imply the strength of the relations
between two concepts in the human mind. Instead
of a shortest path, all possible paths between two
concepts are taken into account in this study, this
approach is more close to human mind judgment.

Then we have decided to get all the paths between
two concepts including shortest path, but
retrieving all the paths between two concepts are
time-consuming process for such a graph consist
of the 117k node and more than 700k relations. So
the length of the paths should be limited, we have
performed tests on the graph DB and finally, we
have determined path length interval as, interval
more than 3 is getting the system into extreme
CPU load and memory consumption that is
causing in abnormal behavior and critical
exceptions in the application. Query execution
time is increased exponentially when path length
is increased.

pathLenghtinterval=(shortestPath,shortestpath+3)
1)
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We have collected all the paths between two
words of each word pair in Men’s dataset and
retrieved paths are encoded with their relationship
type, WordNet relation types and corresponding
relation code can be found in Table 6. We have
collected all paths of each word pair in Mens data
collection. Path collection is performed as
explained in the following example;

relatedness(“mushroom”, “tomato”)=0.74 given
in Men’s dataset.

As a first step, we find mushroom and tomato as
nodes in WordNet graph db. Then we determined
the shortest path length between this two node, the
shortest path length is 3 and we retrieve all the
path between mushroom and tomato nodes with
pathLenght=3+3=6. Later we collected all the
encoded paths and assign the value 0.74 to each of
them as in the following;

findAllPath(“mushroom”, “tomato”)= [bcjbck,
bcjbck, bejbek, bejbek, bjeckb, bjckbe, brsbbc,
bccbe, bjck, bee, beeejb, becjbe, becjbe, bejbbe,
bccjbe, bejbbe, bejbbe, bejbbe, beebej, bejbe,
bcjbc, bejbe, bejbe, becj, bjc]=0.74

All the paths in the above list are assigned with
value 0.74, the same procedure is done all pairs in
the Men’s data, all dataset is consist of 3000-word
pairs. Same paths with different relatedness score
are grouped together and assigned a single score
to show it as a relatedness score of that path.
Consequently, we have assigned median and
mean of the grouped values for a path. By the
way, each path is represented with a numerical
value between {0,1}, details of this process are
explained in subsections of this section

We have filtered values of single length paths
(pathLength=1) from the path list, then we have
assigned these values to the relations, some
relations are not found uniquely (as path
length=1) their values are extracted from the
paths. At this point, we have determined weights
of each relation type. This phase is the first step of
the relation weight determination process. In order
to get strength the relation weights, we have
calculated the path values using found relation
weights in the first phase, in the second phase we
have found many path values for a single word
pair, then we have taken the nearest values to the
real values of the relatedness. As in the above
process, the unique path is taken directly as a
relation weight and weight of the other relations
are extracted using the weights found before.
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3.1. Men’s Data

Mens data (Bruni et al, 2014) is taken as a trusted
dataset for the development phase of the semantic
relations weight determination phase. This data
consists of 3000 pairs of words, there are words
from all part of speech; nouns, verbs, adjectives,
and adverbs. Word pairs are evaluated by fifty
native English speakers, every pair of words was
asked to the humans to give judgment whether
they are related or not related. And relatedness
score was given according to this result between
0-50, while 0 (zero) shows all evaluators have
given “not related”’judgment, and 50 shows all
evaluators have given “related” judgment. In this
study, these values are normalized between 0-1 by
dividing them into 50.

3.2. WordNet 3.0

WordNet 3.0 is another important component of
the study. In this study, all the synsets and
relations in WordNet are mapped into the graph
network. In order to achieve this step a simple
java application is developed, this application
parses the data files from WordNet 3.0, and takes
synset id, senses (literals of the sunset), pos type
of a synset and creates a node in Graph database
and assigns these values as a feature of the node,
using the relation information; edges from source
node to destination node are defined. A graph
database is created in the Neo4j application
(https://neodj.com), graph network consists of
around 117K nodes and 771K relations. All the
relation types in WordNet are distributed in a

graph network. Some relations were only
unidirectional (for example, pertainym) in
WordNet since proposed network to be

bidirectional, these type of relations are converted
into bidirectional type just by adding reverse
relation, for example, reverse of the pertainym
relation is converted to pertained pertainym<-
>pertainedBy. By the way, the bidirectional
structure is completed.

3.3. Path Weight Determination Process for
Each Path

We have used Men’s 3000 data as trusted data to
develop proposed system. For each word pair (w1,
w2) in Men’s data, we have taken all the possible
paths using some limitations. We have set
maximum length parameter in the possible path
lengths which are shortestPath+3, by the way, we
have taken all the paths between wl and w2
according to this limitation. We have encoded
each relation type (edge) in these paths, for
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example, a path between wl and w2 of the
following in Figure 1, is encoded as “BBC” where
b corresponds relation type Hypernym and c
corresponds relation type Hyponym. All the
relation type codes can be found in Table 6.

Figure 1. Sample path encoding between two
concepts wl= “dog” and w2= “bear” in WordNet
graph DB, encoded path= “BBC”, all relation
codes in the paths are given in Table 6.

By taking possible paths between each word pairs,
we have gathered and encoded them into a text
file, in that file we have collected more than 400k
paths for the 3000-word pairs. We have assigned
wl, w2 relatedness value to the all paths of two
concept wl, w2.

For example, suppose wi= “bedroom” and w2=
“kitchen”, possible paths between them are taken
in the following list;

findAllPath (“bedroom”, “kitchen”)=[bcjk, bcjk,
bcjk, bejk, bejk, bejk, jkbe, jkbe, jkbe, jkbe, jkbe,
jkbc, be, jK]

According to Men’s data rel(“bedroom”,
“kitchen”’)=0.6, S0 we assign this value into each
retrieved path list for this pair; taking into account
using their number of occurrences as;

Table 1. Pathlist generated for
paths("bedroom","kitchen™), rel (“bedroom”,
“kitchen”’) = 0.6 is taken from Men’s dataset.

Path Occurance Importance Value
factor

bcjk 6 1 0.6

jkbc 6 1 0.6

bc 1 16 0.6

jk 1 16 0.6

We have also taken into account that the short
path is an important path, that is the reason that
we have given importance factor in the path list
table, this factor is calculated as;
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IF (path(“bedroom”, “kitchen ) =n"* @)
(IF:importance factor)

Where n is the length of the maximum length path
in the path list of the word pair, k is the length of
the current path in the list. n and k values are
limited to 5, the even maximum path length is
greater than 5 it is fixed to 5 because increasing
maximum path length will increase the
importance factor exponentially and looping it in
the application, hangs the program and causing
exceeded memory consumption and generate out
of memory exception error.

For example, the importance factor for path “bc”
in paths(“bedroom”, “kitchen”);

The first step is to find the maximum length path
in the path list, so it is 4. Then path length of “bc”
is 2, so Importance factor is faound as 4** = 16.
Importance factor is used during the determination
of the optimal path value.

3.4. Path Consolidation and Relation Weight
Determination Process

In this process, optimal path value is found for all
paths in the generated path pool of the Men’s data.
For each word pair, we have generated all
possible paths including short path and assigned
human judgment value to the all of the determined
paths. Since there are 3k word pairs, we have
collected 3k word pair list. These lists are
consisting of paths in any size and any lengths.
For the optimal path value determination for each
path, we have grouped same paths with their
corresponding  human  judgment  values,
occurrences and importance factors.

findAllPath (“ceiling”, “wall”)= [jcjk, jkik, jkik,
jik, jk, k]
Table 2. Pathlist generated for
paths(“ceiling”,"wall"), value of rel(“ceiling”,
“wall”’)=0.7 taken from Men’s dataset.

Path Occurance Importance Value
factor
jcjk 1 1 0.7
jkjk 2 1 0.7
iik 1 4 0.7
jk 2 16 0.7

Path consolidation is done to get optimal path
value by combining each path. Consolidated paths
and values for final path(“bedroom”, “kitchen”)
and final path(“ceiling”, “wall”) are found as in
Table 3.
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Table 3 Consolidated path and value list for

paths("bedroom”,"kitchen')&paths("ceiling","wal
I

Path | ValueList(as ArrayList)

jejk [0.7]

jkbc | [0.6 0.6 0.6 0.6 0.6 0.6]

bcjk | [0.6 0.6 0.6 0.6 0.6 0.6]

jkik [0.70.7]

jik [0.70.70.70.7]

jk [0.6...0.6(16 times 0.6) 0.7..0.7(32 times 0.7)]
bc [0.6...0.6(16 times 0.6)]

Values in ValueList are calculated for each path,
for example in the Table 1 value for jk=0.6 and
occuranceXimportance factor=1X16=16, so we
add 16 times 0.6 into value list of path jk, in the
Table2 jk value 0.7 and occuranceXimportance
factor=2X16=32 so we add 32 times 0.7 into
value list of path jk.

After determining the value list for each path, the
next step is to get optimal value. For this process
we have used some statistical methods, we have
determined optimal value in two separated
manner, one for mean and other for a median of
the value list. After that, we have got paths and
optimal values. By scanning all the paths we filter
the paths with path length=1, this means that if
there is a path with length=1, it means the weight
of this relation type is determined because path
with length=1 means a single relationship type is
weighted.

3.5. Weight Determination of Missing Relations

In the previous process, we have determined the
weight of the single length paths (path length=1)
in the path list. But there are some relations that
are not found as a single path with path length=1,
they have combined inside multiple length paths.
For example, suppose there is no unique path for
relation type “x”, but there are many paths with
multiple lengths like “a”, “jIx”, “MBA”. In such a
situation weight of the x determined using the
known relations in the path, for example, if weight
of relation a=0.7 and value for path xa=0.5 then
value for x is found as 0.5/0.7=0.71, if we can’t
determine the value of the relation by using this
method, relation weight is assigned manually and
manual relation’s weight is given as 0.85. This
value is taken from the edge counting technique of
Yang and Powers (Yang and Powers, 2005). In
that method, lower level relation weight is taken
as 0.85.
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With the above-explained processes we have
extracted weight of each relation given in
WordNet 3.0, just we have given manual value to
the  relation type  e(Instance_Hyponym),
s(Member_of this_domain_USAGE),
g(Member_of this_domain_REGION). That is
0.85, all other weights are determined by the
algorithm.

3.6. Second
Determination

Step in Relation Weight

As a second step of the relation weight
determination process, we applied found weight
values in the first step to the Men’s collection
dataset. We have calculated the possible path
values list for each word pair. From this list, we
have taken the nearest value to the real value
(human judgment) of the word pair. So we
determined the nearest path for each word pair.
By the way, we had a 3k path for 3k word pair.
Then we take the single length paths (path
length=1), the same procedure is applied as
explained in the previous subsection, and optimal
weights are determined.

Consequently, we had two set of the relation
weights determined from the first and second
steps both given in Table7. In the next chapter, we
will test both of these relation weights set and
evaluate the determined scores with benchmark
data.

3.7. Development Environment

For the development of the proposed system, we
have used the Java environment and Neo4j graph
db. Using developed java codes, WordNet 3.0
data is imported into Neo4j DB in a graph
structure. All queries are performed on the Neo4j
database using cipher query language. Shortest
paths between two nodes and all possible paths
between two nodes have been determined through
cipher queries. The operating system of the
development  environment is windows 7
professional 64-bit virtual machine with 2 core
CPU and 8 GB memory.

4. Evaluation & Benchmark Tests

Using the determined weights of each relation, we
tested RG65 real-world dataset, we have collected
all possible paths for each word pair in this
dataset, by the way we have got a list of the
possible paths of each word pairs, and paths in a
list are grouped using importance factor and
number of occurrence for each path. We have
calculated the value of each path in the list using
given relation weights and then get the mean and
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median of the list one by one, found value from
mean or average for each word pair that represents
the relatedness value of the corresponding word
pairs. In order to make a benchmark of the
determined related values with the real RG65
values, we have used Spearman rank correlation
because this method has used in most of the
relatedness studies for the evaluation of the
benchmark tests.

Table 4. Correlation values in the benchmark tests
using RG65 data with mean and median of path
value lists determined in step 1 and step 2.

. Correlation
Correlation .
. using the
using means of :
; median of path
path value list .
value list
Relation
weights
determined in 0.81 0.78
first step
Relation
weights
determined in 0.79 0.74
second step

We get 0.81 correlation using RG65 real values
with relation weights found in the first step of the
proposed method. In this step, we have
statistically take the mean of the path values. In
the first step, we take the median of the path
values and we have found 0.79 correlation.
Weights found in the second step are not better
than the values found in the first step. We might
comment that weights found in the first step are
better promising. The second step of the method
has performed in order to see whether we can get
a better correlation. We get 0.78 correlation value
using the relation weights found in the first step
and taking the median of the path value list for
each word pair. We continued testing the relation
weight data taken in the second step. We get 0.79
correlation using the relation weights found in the
second step and taking the mean of the path value
list for each word pair. We get 0.74 value using
the relation weights found in the second step and
taking the median of the path value list for each
word pair.

5. Results and Discussion
This study might give a new perspective to the

relatedness computation of two concepts in
WordNet; even success of this approach seems



Tiilii et al. / GUFBED CMES (2018) 67-78

not satisfied in comparison to the other WordNet-
based approaches shown in Table 5. The method
uses simple mathematical and statistical
operations. Optimal path determination process
and weight determination of missing relations are
difficult in terms of algorithm generation and
software development.

Table 5. Spearman Correlation values of several
successful WordNet Based relatedness methods
using RG65 dataset

Method Correlation
ADW (Pilehvar, Navigli 2015) 0.868
Hughes and Ramage (2007) 0.838
Agirre at al. (2009) 0.830
Wu and Palmer (1994) 0.78

Given approach in this study is simple, only
complex and time-consuming part is a
determination of the possible paths between two
concepts in the WordNet. In the Neo4dj graph
database, shortest path determination is easy using
a cipher query language, but determining all the
possible lengths in a limited path length takes
several minutes for any two synsets because graph
database is consist of the 117k node and more
than 700k relations, querying in such a graph
database takes time. This process takes more than
ten hours for the 3k word pairs in Mens dataset
which is used for the development of this study.
After path determination, rest of the method is not
time-consuming part, just we find the values of
each path by multiplying the relation types in the
path, then found results are put into array list and
their mean or median is calculated easily.

Another aspect we have taken from this study for
the future studies is that; we have generated path
list and optimal values in the first phase of the
study; by this approach, we might have a path
database of the human judgments. We can extend
this database using other real-life similarity
datasets. In the new coming studies, we can detect
the optimum path of two concepts and extract the
optimum path value from this database, doing this
makes the similarity/relatedness computation
faster and more accurate.

Future studies about this approach might be done
using other metrics, not only path length but also
the depth of the concepts, depth of the lowest
common subsumer (LCS) of the concepts.
Contributions of such parameters to the
relatedness computation might be in positive and
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this might increase the success of proposed
method and bring it into the top of relatedness
methods list is given in Table5. We set weight
value 0.85 for the relation types that cannot be
determined our algorithm, by changing this value
in upward or downward we can observe the
contributions of this coefficient to the method in a
positive or negative way. Moreover, information
content value that might be taken from an external
corpus about the concepts and can be added to the
nodes in the path. By the way, computation would
be more complex; the success of this hybrid
approach also might give promising results.

6. Conclusion

This study uses WordNet as source and takes the
Men’s data to determine the weights of the
WordNet relations. Basic mathematical and
statistical operations are used to determine and
generalize the relation weights. Using these
relations weights, the relatedness of the two
concepts defined in WordNet is measured.
Relatedness score is produced between [0,1].
Evaluated using RG65 that is a widely used
benchmark dataset for semantic relatedness, found
Spearman Correlation value is 0.81, in the
literature, there are other methods outperforms
this values. Most successful WordNet-based
method’s correlation value is 0.86 (Pilehvar and
Navigli, 2015). By improving this method using
some other features of WordNet’s graph structure,
this method might be improved and might
generate more successful correlation values. It is a
new approach for weighting all relation types
instead of grouping or categorizing the relations.
This study is measuring relatedness for two
lexical items in any relation type in WordNet
since most of the relatedness study uses limited
relation types; this is the advantage of the study.
Since most of the studies measure the relatedness
of noun pairs, this study measures the lexical
items without part of speech information; this is
also another positive part of the study.
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Table 6. Relation type, relation code, and determined relation weight in each step

) Determined Weight
Relation Type Rel. Code Stepl Step2
Antonym a 0.7 0.7
Hypernym b 0.8 0.82
Hyponym c 0.76 0.76
Instance_Hypernym d 1.39 1.36
Instance_Hyponym e 0.85 0.85
Member_Holonym f 0.97 1.14
Member_Meronym g 1.05 0.85
Substance_Holonym h 1.07 1.1
Substance_Meronym i 0.99 0.85
Part_Holonym j 0.83 0.84
Part_meronym k 0.78 0.8
Attribute I 0.95 0.98
Derivationally_related _form m 0.84 0.86
Domain_of_synset TOPIC n 0.90 1.02
Domain_of synset REGION p 0.75 0.9
Member_of _this_domain_REGION q 0.85 0.85
Domain_of synset USAGE r 0.77 0.86
Member_of this_domain_ USAGE S 0.85 0.85
Entailment t 0.79 0.79
Cause u 0.78 0.72
Also_see v 0.82 0.95
Verb_Group X 1.16 1.12
Similar_to w 0.88 0.89
Participle_of verb y 1.44 0.85
Pertainym z 1.48 1.30
No_Path_Determined* % 0.21 0.21
Synonym* & 0.84 0.79
PertainedBy* ! 0.85 0.85

*This relation types are not given in WordNet 3.0, it is created by the algorithm.
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Table 7. RG65 benchmark dataset and determined score by a proposed algorithm using relatedness weight
determined in the first step with a mean of the path length values (Spearman rank correlation is 0.81).

Word1 Word2 SReI Rel. Score
or or RGCgS By Our Method
cord smile 0.01 0.28
rooster voyage 0.01 0.14
noon string 0.01 0.25
fruit furnace 0.01 0.26
autograph shore 0.02 0.21
automobile wizard 0.03 0.36
mound stove 0.04 0.28
grin implement 0.05 0.29
asylum fruit 0.05 0.27
asylum monk 0.10 0.24
graveyard madhouse 0.11 0.16
glass magician 0.11 0.30
boy rooster 0.11 0.20
cushion jewel 0.11 0.37
monk slave 0.14 0.52
asylum cemetery 0.20 0.24
coast forest 0.21 0.46
grin lad 0.22 0.35
shore woodland 0.23 0.61
monk oracle 0.23 0.34
boy sage 0.24 0.25
automobile cushion 0.24 0.62
mound shore 0.24 0.41
lad wizard 0.25 0.34
forest graveyard 0.25 0.28
food rooster 0.27 0.20
cemetery woodland 0.30 0.30
shore voyage 0.31 0.31
bird woodland 0.31 0.33
coast hill 0.32 0.48
furnace implement 0.34 0.23
crane rooster 0.35 0.30
hill woodland 0.37 0.61
car journey 0.39 0.43
cemetery mound 0.42 0.34
glass jewel 0.45 0.26
magician oracle 0.46 0.59
crane implement 0.59 0.35
brother lad 0.60 0.33
sage wizard 0.62 0.30
oracle sage 0.65 0.39
bird crane 0.66 0.57
bird cock 0.66 0.76
food fruit 0.67 0.41
brother monk 0.69 0.62
asylum madhouse 0.76 0.76
furnace stove 0.78 0.65
magician wizard 0.80 0.79
hill mound 0.82 0.81
cord string 0.85 0.75
glass tumbler 0.86 0.76
grin smile 0.87 0.79
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Bu ¢alismada; Ansys paket programunda, 3 ara tabakadan olusan, diiz ve 7%lik oryantasyon agisma sahip radyal
geometrili 2 farkli model, x, y, z koordinat 6lgiilerine gore 3 boyutlu olarak tasarlanmistir. Diiz ve radyal geometriye
sahip sandvig tabakalarin 2 farkli testte, sag ve sol mesnetlerden ankastre ve gizgisel olarak sabitlenerek 4 MPa basing
altinda eksenlere gore mekanik gerilim analizleri yapilmistir. Geometrik sekilleri ayni-mesnetleri farkli ve geometrik
sekilleri farkli-mesnetleri ayn1 yapilar karsilastirilarak incelenmistir. Geometrik sekilleri ayni-mesnetleri farkli gerilim
sonuglarinda, diiz ankastreli mesnetin ¢ekme oranlarinin ¢izgisel mesnete gore artis gosterdigi ve sikistirma oranlarinin
ise azalig gosterdigi goriilmiistiir. Radyal ankastreli mesnetin ¢gekme oranlarinin ¢izgisel mesnete gore azalis gosterdigi
ve sikigtirma oranlarmin ise x ekseninde arttif1, y ve z eksenlerinde azaldigi goriilmiistiir. Geometrik sekilleri farkli-
mesnetleri ayni gerilim sonuglarinda ise, radyal ankastreli mesnetin diiz mesnete gore hem ¢ekme ve hem de sikigtirma
oranlarinin y ekseninde arttig1, x ve z ekseninde azaldigi goriilmistiir. Radyal ¢izgisel mesnetin diiz mesnete gore, x
ekseninde ¢ekme ve sikistirma oranlariin azaldigi, y ekseninde arttigi, z ekseninde ise gekme oraninin arttig1 sikistirma
oraninin azaldig1 goriilmiistiir.

Keywords: Ansys, Diiz ve Radyal Tabaka, Mekanik Gerilim, Sandvi¢ Kompozit.

Abstract

In this study, in Ansys package program 2 different models of 3 intermediate layers, with a straight and 7° orientation
angle, are designed as 3 dimensional according to x, y, z coordinate measurements. Sandwich plates with smooth and
radial geometries were fixed in two different tests from their right and left supports, linearly and mechanical stresses
were analyzed according to axes under 4 MPa pressure. Here, we mainly analysed two different structures by
comparing features according to the cases that having same shape-different supports and different shapes-same
support. It has been investigated that the compression ratios of straight anchorage support increase linearly as a
function of linear meshes in the same geometry but different support stresses. The radial anchorage support draw ratio
decreases with linear supports while the compression ratios increase with x axis and decrease with y and z axes. On the
other hand, it is concluded that radial anchorage ratio for the structures having different shapes and same type
supports increases in x axis and decreases in both y and z. Moreover, one can see that radial linear support has lower
draw and compression ratios on the x axis, and also the quantity increases on the y axis while the compression ratio
decreases on the z axis.

Anahtar kelimeler: Ansys, Flat and Radial Layer, Mechanical Tension, Sandwich Composite.
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1. Giris

Son yillarda azaltilmis agirlik ve daha iyi mekanik
performans ile karakterize edilen yapilan
kesfetmeye yonelik artan ¢abalar, esas olarak kara
ve deniz tasimacilifinda sandvi¢ yapilarin
gelistirilmesine ve istthdam edilmesine yol
acmustir (Atckinson, 1997). Yapisal bir sandvig,
tek bir ozelligi ile kiiresel yap1 performansinda
igbirligi yapmak i¢in bir araya getirilmis farkl
malzemelerin bir kombinasyonu ile karakterize
edilen o6zel bir katmanli kompozit tipidir. Bu
yapilarin tasarlanmasinda ve dogrulanmasinda asil
sorun, dogru modellemelerine izin vermeyen
kendi igsel anizotropi ve homojen olmayan
olmalaridir. Giinlimiizde, dogru ve giivenilir bir
tasarima izin vermek igin gerekli olan karmasik
yapilarin mekanik 6zellikleri hakkindaki mevcut
veriler yeterli degildir (Manning vd., 1993;
Bannister vd., 1999). Sandvi¢ yapilari, agirlikla
iligkili olarak 6nemli Olglide sertlik ve yiiksek
mukavemet orani gosteren hafif malzemelerdir.
Sandvi¢ panelin ana konsepti, dig ylizeylerin,
biikiilme (biikiilme yiiki ve sikistirma) nedeniyle
olusan yiikleri transfer etmesidir. Buna gore,
makroskopik olarak tarif edilen sandvig¢ panelin
calisma modu, I-kirig tarafindan gergeklestirilen
gorevlerle dogru bir sekilde karsilastirilabilir
(Muc vd., 2005; Ochelski vd., 2007; Campbell,
2010). Ganapathi vd. (2004) bu 06geyi, termal /
mekanik yliklere maruz kalin lamine kompozit ve
sandvi¢ plakalarin dogrusal olmayan dinamik
analizini gergeklestirmek i¢in kullanmislardir.
Tawfik vd. (2002), aerodinamik ve termal yiiklere
maruz kalan gomiilii sekil hafizali alasim ile
izotropik panelin termal post-burkulmasi ve
acroelastik davraniglarini incelemek igin von
Karman gerilme-yer degistirme iliskilerine
dayanan dogrusal olmayan sonlu elemanlar
modelini kullanmiglardir. Natarajan vd. (2014),
nem konsantrasyonu ve termal gradyanin, lamine
kompozit plakalarin serbest titresim ve burkulma
Ozelliklerine etkisini incelemek ig¢in birinci
mertebe kesme deformasyon teorisine dayanan
uzatilmig sonlu elemanlar yontemini
kullanmislardir. Park vd. (2004), termal yiiklere
maruz kalan sekil hafizali alasim lifleri ile
gomiillmiis lamine kompozit plakalar icin lineer
olmayan sonlu eleman denklemlerini formiile
etmek i¢in birinci sira kesme deformasyon
teorisini kullanmis ve 6nceden biikiilmiis ve post-
toklastirllmis  bolgelerdeki plakalarin titresim
karakteristiklerini aragtirmiglardir. Vangipuram ve
Ganesan (2007), termal yiikler altinda sicakliga
bagli viskoelastik ¢ekirdek ile dikdortgen
kompozit viskoelastik sandvi¢ plakalarin serbest
titresim ve soniimleme o&zelliklerini incelemek
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icin sonlu elemanlar yontemini kullanmuglardir.
Froud (1980), sandvi¢ panellerin, avantajlarin ve
goze carpan oOzelliklerin temelini agiklamigtir.
Agirlik ve maliyet agisindan optimum esneklik
ozelliklerini elde etmistir. Agirlik ve maliyet
tasarrufu elde etmek igin geometriyi secerken
tasarimcilar tarafindan alman gilig, sertlik ve
onlemlerin tasarim optimizasyonunun
gerekliligini vurgulamistir. Panigrahi vd. (2007),
FRP lamine kompozitlerin yapigskan lap
makaslama birlestirmelerinde, delaminasyon hasar
analizi lizerinde c¢alismiglar ve  yapiskan
tabakadaki diizlem gerilimlerinden ii¢ boyutlu
sonlu eleman analizi gerceklestirmislerdir. Ara
laminar kesme gerilmeleri ve delaminasyon
mukavemetinin etkileri iizerinde durmuslardir.
Zhang (2013), deneysel alanda kopiik cekirdekli
sandvi¢ panellerin, yar1 statik {i¢ noktali egilme
hasar davranisi incelemisler ve sonra da FEM
degerleri ile karsilagtirmiglardir. Cekirdek hasari,
yliz tabakasi hasari, arayiiz hasari, ¢ekirdek
catlamas1 ve c¢ekirdek kirma gibi bilesenlerde
farkli hatalar, ABAQUS agik paketinin FEM
simiilasyonlari ile agiklanmistir. Swanson ve Kim
(2003), CFRP kaplamalar1 ve kopiik c¢ekirdek
sandvi¢ yapilarinin tasarimi {izerinde, deneysel ve
FEM degerleri kullanarak biikiilme etkisi ve
sertlik gibi temas yiikleri altinda caligmiglardir.
Taskaya (2017), St 37 levha celiklerinde basinca
bagli levhalarim mesnetlere gore tabakalarindaki
mekanik gerilmelerin etkisini incelemistir. Giir
vd. (2017a), Ansys yaziliminda farkli sicaklik ve
gerilme parametrelerinde Al malzemesi ile SIC
metal matrisli kompozitin silirinme uzamasi
hareketi ile elastik gerilmeler arasindaki
iligkilendirmeleri aragtirmiglardir. Taskaya vd.
(2018), Ansys yaziliminda sonlu elemanlar
yontemine gore, St 70 c¢at1 kafes ¢eliginin St 37
cat1 kafes celigine gore, kiris eksenlerindeki hem
kuvvet hem de moment etkisine gore deformasyon
ve vektorel gerilmelerin arttigini
gozlemlemislerdir. Polat vd. (2017), elastik yar1
sonsuz diizleme oturan ve rijit iki blok ile
yiiklenmis fonsiyonel derecelendirilmis stirekli
temas probleminin sonlu elemanlar yontemi ile
analizini incelemiglerdir. Polat vd. (2018), elastik
yar1 sonsuz diizleme oturan ve rijit iki blok ile
yiiklenmis homojen tabakada siirekli temas
probleminin karsilagtirmal analizini
arastirmiglardir. Taskaya (2018), izotropik bir
celik malzemeye sahip 3D kafes cati modeline,
farkli yiikk ve sabit basing uygulayarak, kiris
eksenlerindeki, deformasyon, mekanik ve elastik
gerilme analizlerini arastirmistir. Giir vd. (2017b)
izotropik bir ¢elik malzemeyi 3 boyutlu kafes cati
olarak tasarlayarak, sonlu elemanlar yontemine
gore  farkli  yiikkler  dogrultusunda  Kkiris
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eksenlerindeki  mekanik etkilerini

aragtirmuslardr.

gerilme

2. Materyal Ve Metot

2.1. Modelin Ankastre Mesnet Olarak
Tanimlanmnasi

Ilk adim olarak diiz ankastre mesnetli sandvi¢
kompozit malzemeyi Ansys 12.0 paket

programina mekanik analiz yapilacagr i¢in
“structural”’(yap1) olarak tanimlanir. Kompozit
malzeme i¢in element se¢imi yapilir. Kati model
calisilacagi icin  Ansys programindan “solid
layered 46 elementi segilir. Sonraki adim olarak
sandvi¢  kompozit malzemenin  Tablol’de
gosterilen iist tabaka, alt tabaka ve ¢ekirdek
(kopiik) tabakasinin reel sabit numarasi, tabaka
sayis1, oryantasyon acist ve kalinligi girilir.

Tablo 1. Sandvi¢ kompozit tabakalarin parametreleri

Malzeme Boliimii Reel Sabit Tabaka Oryantasyon Kalmlk
Numarasi Sayisi Acisli

Ust Tabaka 1 1 0 500 mm

Alt Tabaka 2 1 0 500 mm

Cekirdek (kopiik) 3 1 0 500 mm

Sandvi¢ kompozit malzemenin iist tabaka, alt
tabaka ve ¢ekirdek tabakasinin Tablo 2’deki
mekanik 6zellikleri Ansys 12.0 paket programina
tamimlanir. Ust tabaka ve alt tabakalar ortotopik

bir malzeme oldugu i¢in sisteme malzemenin
mekanik 6zellikleri tanimlanir. Cekirdek (kopiik)
tabakas1 izotropik malzeme oldugu i¢in izotropik
mekanik 6zellikler tanimlanir.

Tablo 2. Sandvig¢ kompozit tabakalarin mekanik 6zellikleri

it EXx Ey Ez Gxy Gyz Gxz
Malzeme Boliimii (MPa) (MPa) (MPa) Prxy Pryz Prxz (MPa) (MPa) (MPa)
Ust Tabaka 23200 9000 9000 0.4 0.2 0.4 4000 4000 4000
Alt Tabaka 19750 8500 8500 0.15 0.2 0.15 4500 4500 4500
Cekirdek (kopiik) 300 0.38

Sandvi¢ kompozit tabakasinin sinir dlgiileri Tablo 3’deki gibi sisteme girilerek model olusturulur.

Tablo 3. Sandvig kompozit tabakanin model sinir 6lgiileri

Jrsapes . Xl X2 Yl Y2 Z]_ Zz

Malzeme Boliimii (mm) (mm) (mm) (mm) (mm) (mm)
Ust Tabaka 0 500 10 15 -150 150
Alt Tabaka 0 500 -12.9 -15 -150 150
Cekirdek (kopiik) 0 500 -12.9 10 -150 150

TABAKALAR (CiZGi SEKLI)
Ust tabaka

Alt tabaka Cekirdek

HACIM SEKLI

Sekil 1. Sandvi¢ kompozit tabakanin modellenmesi

81



Kaymaz vd. / GUFBED CMES (2018) 79-93

Ansys yaziliminda, modelin mekanik 6zelliklerini
birbirine  yapistirma komutu olarak “Glue
Volumes” modiili kullanilir. Sonraki islem adimi
olarak sistem baslangicinda Tablo 2’deki model
parametrelerini iist tabaka, alt tabaka ve ¢ekirdek
tabakasini tek tek segerek modele tanimlama
islemi yapilir.

2.2. Meshleme (Ag ortiisii) Islemi
Sandvi¢ kompozit malzeme modelinin ilk 6nce {ist

tabaka, sirasiyla alt tabaka ve ¢ekirdek tabaka
secilerek mesh tanimlama iglemi yapilir ve ag

ortiisti saglanmis olur. Buradaki amag, mekanik
simiillasyon dagilimlarin  birbirleriyle temasi
saglanarak ¢oziimleme yapilir.

2.3.  Mesnetleme ve sandvic tabakaya basing
uygulama islemi

Sandvi¢ kompozit modelin sag ve sol
mesnetlerden 1iist, alt ve c¢ekirdek tabakanin
tamami secilerek ankastre mesnetleme seklinde
model sabitlenir ve list tabakadan 4 MPa basing
altinda bir yiik uygulanarak model ¢oziimlendirilir
(Sekil 3).

HACIMLER

~——_>

ANSYS MODELLEME

AT AT AV AV AN A AV A AYAVAVAVAVAVAVAVAVAYAY Y
YAV ATAVAYATATAYAYAVAYAVAVAYAVATAVAVAVAYAVA A

ANSYS MODELLEME

ANSYS
ELEMENTLER . || ELEMENTLER

;

ANSYS MODELLEME ANSYS MODELLEME

M [ELEMENTLER

ELEMENTLER

—

ANSYS MODELLEME ANSYS MODELLEME

ANSY:

ELEMENTLER " ELEMENTLER

Sekil 2. Sandvi¢ kompozit tabakanin
meshleme asamalar1 a) Ust tabakanin
mesh aginm tammlanmasi, b) Ust
tabakanin mesh agi, c) Alt tabakanin
mesh aginin tamimlanmasi, d) Alt
tabakanin mesh agi, e) Cekirdek
tabakasinin mesh agmin tanimlanmasi
ve f) Cekirdek tabakanin mesh agi

ANSYS

=

ANSYS MODELLEME

ELEMENTLER "2 ELEMENTLER

ANSYS MODELLEME

ANSYS MODELLEME

ANSYS MODELLEME
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Sekil 3. Sandvic kompozit
tabakanin a ve b) sag ve sol
mesnetlerden  ankastre mesnet
tammlamas, ¢ ve d) Ust tabakaya
basing uygulama islemi

ANSYS
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2.4. Modelin cizgisel mesnetlenmesi

Sandvi¢ kompozit modelin ¢izgisel olarak
mesnetlenmesi isleminde diiz ankastre modeldeki
islemlerin aynis1 sirasiyla Ansys programina
tanimlanir. Sadece model olusturulduktan sonra

ELEMENTLER

ANSYS MODELLEME

mesnetleme islemine gelindiginde Sekil 4’de
gosterildigi gibi sag ve sol st tabaka kenar
cizgileri  secilerek model ¢izgisel olarak
mesnetlenmis olur ve iist plakaya aynm sekilde 4
MPa basing uygulanarak ¢izgisel mesnetli model
¢Ozlimlendirilir.

Sekil 4. Sandvi¢ kompozit tabakanin ¢izgisel mesnetlenmesi

2.5.Sandvi¢ kompozit tabakanin radyal
modellenmesi ve meshleme islemi

Radyal ankastre mesnetli sandvi¢ modelin
olusturulmasindaki islemler diiz ankastre mesnetli
plakali sandvi¢ kompozit modelin asamalarindaki
gibi Tablo 1 ve Tablo 2 parametreleri ve mekanik
ozellikleri Ansys programina tanimlanir. Model

olusumunda sinir kosullart radyal model oldugu
icin belirlenen Olciiler dogrultusunda Tablo 4’e
gore sisteme tamimlanir ve 7”lik oryantasyon
acisina sahip radyal model olusturulur (Sekil 5).
Daha sonra modele diiz plakali sandvi¢ modelde
oldugu gibi ayr1 ayr1 tabakalara ag yapisi
tanimlanarak meshleme islemi yapilir (Sekil 6).

Tablo 4. Radyal tabakali sandvi¢ kompozit modelin sinir parametreleri

Malzeme Boliimil ya]r)llsap Iis;ifg:r:);gp}l koofilinatl koor%izinatl Bai;:lglﬁf fgg
Ust Tabaka 4005 4000 0 500 0 7
Alt Tabaka 4030 4027.9 0 500 0 7

Cekirdek (kopiik)  4027.9 4005 0 500 0 7

HACIMLER | HACIMLER

RADYAL

RADYAL MODELLEME

MODELLEME

7 | | HACIMLER

RADYAL
MODELLEME

Sekil 5. Radyal tabakanin modellenmesi a) iist tabaka, b) alt tabaka ve c) ¢ekirdek tabaka ve modelin biitiin

hali
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'HACIMLER

|RADYAL MODELLEME

RADYAL MODELLEME
ELEMENTLER

y//
1/
7

RADYAL MODELLEME

2.6. Mesnetleme ve radyal sandvi¢ tabakaya
basin¢ uygulama islemi

Radyal sandvi¢ kompozit modelin ankastre olarak

mesnetlenmesi isleminde diiz ankastre sandvig
kompozit modeldeki islemlerin aynisi sirasiyla

'ELEMENTLER -

-

RADYAL MODELLEME

7/
i
111 177
"5’7”’7,'%'%’#’97””5’1

’[”l”’ 71/
it
S
Y
,llllyl,;’%%”,, i

' [ELEMENTLER '

RADYAL MODELLEME

Sekil 6. Radyal tabakanin
meshlenmesi a ve b) Ust radyal
tabakanin mesh agimin

tanimlanmasi ve mesh islemi, ¢
ve d) Alt radyal tabakanin mesh
aginin tamimlanmasi ve mesh
islemi, e ve f) Cekirdek radyal
tabakanin mesh aginin
tanimlanmasi ve mesh iglemi,
modelin biitiin hali
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Ansys programina tanimlanir. Model izotropik
goriinimden sag ve sol ist, alt ve cekirdek
tabakalarin hepsi secilerek ankastre mesnetlenmis
olur ve st plakaya aym sekilde 4 MPa basing
uygulanarak model ¢oziimlendirilir (Sekil 7).

' [ELEMENTLER 2y

RADYAL MODELLEME

Sekil 7. Radyal sandvi¢ tabakanin a) Sag ve sol mesnetlerden ankastre mesnetlenmesi, b) Ust tabakaya
basing tanimlama ve c) Ust tabakaya basincin uygulanmasi

2.7. Radyal modelin ¢izgisel mesnetlenmesi

Radyal sandvic modelin  ¢izgisel olarak
mesnetlenmesi isleminde diz gizgisel modeldeki
islemlerin aynisi sirasiyla Ansys programina
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tanimlanir. Sadece model olusturulduktan sonra
mesnetleme islemine gelindiginde Sekil 8’de
goriildiigii gibi sag ve sol ist tabaka kenar
cizgileri  secilerek model ¢izgisel olarak
mesnetlenmis olur ve iist plakaya ayni sekilde 4
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MPa basing uygulanarak ¢izgisel mesnetli model
¢Oziimlendirilir.

ELEMENTLER

RADYAL MODELLEME

Sekil 8. Radyal sandvi¢ kompozit tabakanin
cizgisel mesnetlenmesi

ELEMENTLER

ANSYS MODELLEME

||IANSYS MODELLEME

3. Bulgular ve Tartisma

3.1. Diiz ankastreli sandvic kompozitin
¢oziimlenmesi

Diiz ankastreli sandvi¢ kompozit tabakanin
basinca bagli olarak ¢oziimlenmesi sonucunda
52891 eleman ve 10882 node (diiglim sayisi)
sayisi olusmustur. Sekil 9’da sandvi¢ tabakanin
deformasyon sekil degisimi ve vektor analizi
incelenmistir. Sekil 10°da ise eksenlere bagh stres
gerilim analizleri yapilmistir.

Sekil 9. Diiz ankastreli sandvi¢ kompozit tabakanin a) Modelin ¢6ziimlenmesi, b) Deformasyon sekil

degisimi ve c) Bileske vektor analizi

Sekil 10. Diiz ankastreli sandvig
kompozit tabakanin a) X
eksenindeki stress gerilim analizi,
b) Y eksenindeki stress gerilim
analizi, c) Z eksenindeki stress
gerilim analizi ve d) Von mises
gerilim analizi



Kaymaz vd. / GUFBED CMES (2018) 79-93

Sekil 11°de sandvi¢ tabakada meydana gelen
toplam mekanik gerilim dagilimlart simulize

edilmistir. Burada meydana gelen gerilimler
grafik analizlerle incelenmistir.

Sekil 11. Diiz ankastreli sandvi¢ kompozit tabakanin a) X eksenindeki toplam mekanik gerilim analizi, b) Y
eksenindeki toplam mekanik gerilim analizi, ¢) Z eksenindeki toplam mekanik gerilim analizi ve d) Von

mises toplam mekanik analizi

3.2.  Diiz ¢izgisel sandvi¢
coziimlenmesi

kompozitin

Diiz ¢izgisel sandvi¢ kompozit tabakanin basinca
bagl olarak ¢6ziimlenmesi sonucunda Sekil 12°de
sandvi¢ tabakanin deformasyon sekil degisimi ve

ELEMENTLER ANSYS "SABITLEME

ANSYS MODELLEME

ANSYS MODELLEME

vektor analizi incelenmistir. Sekil 13°de ise
eksenlere bagl stres gerilim analizleri yapilmistir.
Sekil 14’de sandvi¢ tabakada meydana gelen
toplam mekanik gerilim dagilimlart simulize
edilmistir. Burada meydana gelen gerilimler
grafik analizlerle incelenmistir.

ANSYS FVEKTOR

Sekil 12. Diiz ¢izgisel sandvi¢ kompozit tabakanin a) Modelin ¢6ziimlenmesi, b) Deformasyon sekil

degisimi ve c) Bileske vektor analizi
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Sekil 13. Diiz ¢izgisel
sandvi¢ kompozit tabakanin
a) X eksenindeki stress
gerilim analizi, b) Y
eksenindeki stress gerilim
analizi, c) Z eksenindeki
stress gerilim analizi ve d)
Von mises gerilim analizi

Sekil 14. Diiz ¢izgisel
sandvi¢ kompozit tabakanin
a) X eksenindeki toplam
mekanik gerilim analizi, b) Y
eksenindeki toplam mekanik
gerilim analizi, ¢) Z
eksenindeki toplam mekanik
gerilim analizi ve d) Von
mises  toplam  mekanik
analizi
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3.3. Radyal ankastre sandvic kompozitin 30672 eleman ve 36792 node (diigim sayisi)
¢coziimlenmesi sayist olusmustur. Sekil 15°de sandvig¢ tabakanin

deformasyon sekil degisimi ve vektdr analizi
Radyal ankastreli sandvi¢ kompozit tabakanin incelenmistir. Sekil 16’da ise eksenlere bagl stres
basinca bagli olarak ¢6ziimlenmesi sonucunda gerilim analizleri yapilmistir.

ELEMENTLER ANSYS [ SABITLEME ANSYS [VEKTOR

-~

7
4 /’
4
\ ‘)
i

RADYAL MODELLEME RADYAL MODELLEME

Sekil 15. Radyal ankastre sandvi¢ kompozit tabakanin a) Modelin ¢6ziimlenmesi, b) Deformasyon sekil
degisimi ve c) Bileske vektor analizi

Sekil 16. Radyal
ankastre sandvig
kompozit tabakanin
a) X eksenindeki
stress gerilim
analizi, b) Y
eksenindeki stress
gerilim analizi, c) Z
eksenindeki stress
gerilim analizi ve d)
Von mises gerilim
analizi

Sekil 17’de sandvi¢ tabakada meydana gelen edilmistir. Burada meydana gelen gerilimler
toplam mekanik gerilim dagilimlar1 simulize grafik analizlerle incelenmistir.

88
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Sekil 17. Radyal ankastre sandvig kompozit tabakanin a) X eksenindeki toplam mekanik gerilim analizi, b)
Y eksenindeki toplam mekanik gerilim analizi, c) Z eksenindeki toplam mekanik gerilim analizi ve d) Von
mises toplam mekanik analizi

3.4. Radyal cizgisel sandvic kompozitin Sekil 18’de sandvi¢ tabakanin deformasyon sekil
coziimlenmesi degisimi ve vektor analizi incelenmistir. Sekil

19°da ise eksenlere bagli stres gerilim analizleri
Radyal ¢izgisel sandvig¢ kompozit tabakanin yapilmistir.

basinca bagli olarak ¢6ziimlenmesi sonucunda

"ELEMENTLER

RADYAL MODELLEME RADYAL MODELLEME

Sekil 18. Radyal ¢izgisel sandvi¢ kompozit tabakanin a) Modelin ¢éziimlenmesi, b) Deformasyon sekil
degisimi ve ¢) Bileske vektor analizi
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Sekil 19. Radyal ¢izgisel
sandvi¢ kompozit tabakanin
a) X eksenindeki stress
gerilim analizi, b) Y
eksenindeki stress gerilim
analizi, ¢) Z eksenindeki
stress gerilim analizi ve d)
Von mises gerilim analizi

Sekil 20’de sandvi¢ tabakada meydana gelen Tablo 5’de sandvi¢ tabakalarda meydana gelen
toplam mekanik gerilim dagilimlart simulize stres gerilim analizlerin simiilasyon dagilim
edilmistir. Burada meydana gelen gerilimler sonuclar1 verilmistir.

grafik analizlerle incelenmistir.

Sekil 20. Radyal c¢izgisel
sandvi¢ kompozit tabakanin
a) X eksenindeki toplam
mekanik gerilim analizi, b) Y
eksenindeki toplam mekanik
gerilim analizi, ¢) Z
eksenindeki toplam mekanik
gerilim analizi ve d) Von
mises  toplam  mekanik
analizi
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4. Genel Sonuclar ve Oneriler
Analiz sonuglar 2 sekilde kiyaslandigi zaman;

. Geometri sekilleri ayni, mesnetleri farkli
stres gerilim skala sonuclarinda, diiz ankastreli
mesnetin ¢eki oranlarinin ¢izgisel mesnete gore
artig gosterdigi ve bast oranlarinin ise azalig
gosterdigi  incelenmistir. Radyal  ankastreli
mesnetin ¢eki oranlarinin ¢izgisel mesnete gore
azaldigr fakat basi oranlarinin ise x ekseninde
arttigi, y ve z eksenlerinde azaldig1 goriilmiistiir.

. Geometri sekilleri farkli, mesnetleri ayni
stres gerilim skala sonuclarinda ise, radyal
ankastreli mesnetin diiz mesnete gore hem ceki ve
hem de basi1 oranlarinin y ekseninde arttig1, x ve z
ekseninde azaldigi goriilmiistiir. Radyal ¢izgisel
mesnetin diiz mesnete gore, x ekseninde c¢eki ve
bast oranlarmin azaldigi, y ekseninde arttigi, z
ekseninde ise ¢eki oraninin arttigr basi oraninin
azaldign goriilmiistiir. Bu sandvi¢ kompozit
tabakalar arasindaki mesafeye bagli mekanik
grafiksel gerilimler {st, orta ve alt digim

noktalarindan alinmistir. Hem stres hem de
toplam mekanik mesafeye bagli gerilim grafiksel
sonuglar kiyaslandigi zaman, sandvig
kompozitlerin yapisi geregi gerilimlerin anizotropi
(Manning vd., 1993; Bannister vd., 1999) yani
degisik farkli yonlenmelerin oldugu artis ve azalis
yani titresimli gerilmeler gdzlemlenmistir.

Sandvi¢ tabakalarin mesafeye bagli toplam
mekanik gerilim skala sonuglart mukayese
edildigi zaman;

Geometri sekilleri ayni, mesnetleri farkli toplam
mekanik skala gerilim sonuglarinda, diiz
ankastreli mesnetin c¢izgisel mesnete gore x
eksenindeki ¢eki oraninin arttifi,, y ve z
eksenlerinde ise azaldigi, basi oranlarmin X, y
eksenlerinde azaldifi, z ekseninde ise arttig1
gozlemlenmistir. Radyal ankastreli mesnetin ¢eki
oranlarinin  ¢izgisel mesnete gére x, y
eksenlerinde azaldigi, z ekseninde ise arttigi, fakat
bast oranlarmin x, z eksenlerinde azaldigi, y
ekseninde ise arttig1 gézlemlenmistir.

Tablo 5. Sandvi¢ kompozit tabakalarin stres simiilasyon dagimlarin sonuglari

Von Mises

x X oy (74 . Vector
k= o Gerilme g
(MPa) (MPa) (MPa) (MPa) analizi
AXRR1) 1614 Mpa 370504 Mpa 473907 Mpa  1735Mpa o4
R (Ceki) (Ceki) (Ceki) (Ceki) T
(Diiz Tabaka, 1740 Mpa 220.244 Mpa  330.071 Mpa  2.666 Mpa (basn)
Ankastre Mesnet) (Basi) (Basi) (Basi1) (Basi) asl
[ZX R X 967.383 Mpa 140.677 Mpa  123.849 Mpa 3299 Mpa 125.865
L 2 (Ceki) (Ceki) (Ceki) (Ceki) (¢eki)
(Diiz Tabaka, 2501 Mpa 434152 Mpa  519.755Mpa  4.39 Mpa 0
Cizgisel Mesnet) (Basi) (Basi) (Basi1) (Basi) (basi)
Kizaxi 224.549 Mpa 2130 Mpa  346.04Mpa 1887 Mpa .
T (Ceki) (Ceki) (Ceki) (Ceki) 33 '990(961“)
(Radyal Tabaka, 88.383 Mpa 1621 Mpa  119.799 Mpa  2.899 Mpa (basn)
Ankastre Mesnet) (Basi) (Basi) (Bas1) (Bas)
ARERA 305.626 Mpa 3509 Mpa  559.816 Mpa 3153 Mpa .
o= (Ceki) (Ceki) (Ceki) (Ceki) 82'270(961“)
(Radyal Tabaka, 46.964 Mpa 1731 Mpa  238.252Mpa  1.759 Mpa (basi)
Cizgisel Mesnet) (Bas1) (Basi) (Bast) (Bas1) ast
° Geometri sekilleri farkli, mesnetleri ayni basi oranlartyla ayni sonuglarda tespit edildigi

toplam mekanik skala gerilim sonuglarinda ise,
radyal ankastreli mesnetin diiz mesnete gore x, z
eksenlerinde azaldigi, y ekseninde ise arttig1, basi
oranlarinin ise X ekseninde azaldig, vy, z
eksenlerinde ise arttifi gorllmistiir. Radyal
cizgisel mesnetin diiz mesnete gore, z ekseninde
azaldig, x, y eksenlerinde artt1g1, basi oranlarinin
ise radyal ankastreli mesnetin diiz mesnete gore
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yani x ekseninde azaldifi, y, z eksenlerinde ise

arttigit  goriilmiistiir. Bu  sonuglar, sandvig
kompozit tabakalarin konstriiktif acidan iyi
oldugunu  gostermektedir. Farkli  paket

programlar1 kullanarak (ABAQUS, Apex, Nastran
gibi) benzer analizler yapilabilir ve birbirleriyle
mukayese edilebilir (Taskaya vd., 2018; Taskaya,
2018).
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. Farkli modelli geometriler, farkli alan
Ol¢iileri, oryantasyon agilari, malzeme tiirti, farkli
cekirdek tabakasi, element tiirli, mesh tiirli, yiik
miktar;, mesnetleme sekli degistirilerek ¢6ziim
yaptirilip, malzemeler birbirleriyle
kiyaslanabilinir. Uygulama alanindaki karmasik
geometriye sahip malzemeler, farkli sonlu
elemanlar simiilasyonlar programlar1 sayesinde
(ABAQUS, Apex, Nastran gibi) en basit hale
dontistiiriilerek  prototipler  olusturulabilir  ve
sonucglart  birbirleriyle karsilagtirilabilinir. Bu
sayede basit geometrili modellerden birgok test
analizleri (yapi, termal, titresim, mekanik, statik,
dinamik gibi) yapilabilir. Uygulama sanayisinde
hafiflik ve rijitlik istenen (otomotiv, havacilik,
Ucak sanayi gibi) alanlarda kaplama malzemesi
kullanilan bu modellemeler sandvi¢ konstriiksiyon
teknigi ile Tretilip, bu gibi sonlu elemanlar
simiilasyon programlar1 ile farkli tip analizler
uygulanabilir (Tagkaya vd., 2018; Taskaya, 2018).
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1. Introduction
1.1. Formulation of the Problem

As it is known, hyperbolic partial differential
equations can be used to describe many physical
phenomena. Some of them are heat conduction,
vibration of elastic material, diffusion-reaction
processes, population systems, and many others.
However, there has been much attention to studies
related with optimal control problems involving
hyperbolic equation in recent years. It has been
found too many researches about these problems
using various control functions in literature. When
these researches are analyzed, it has been seen that
the control function is at the right hand side of
equation, in the coefficient or on boundary for
hyperbolic equation. But, there are too little
researches about the initial control for hyperbolic
problem.

can be

Some of these important studies

summarized as follows.

The problem of controlling the coefficient
function has been studied for linear hyperbolic
equation using the cost functional in (Tagiyev,
2012). The coefficient function has controlled for
nonlinear hyperbolic equation using the functional
involved in (Kroner, 2011). In (Bahaa, 2012),
various optimal boundary control problems for
linear infinite order distributed hyperbolic systems
involving constant time lags are considered. It has
been studied optimal control problems for the
hyperbolic equations with a damping term
involving p-Laplacian in (Ju ve Jeong, 2013). In
(Hwang ve Nakagiri 2006), it has been examined
optimal control problems for the equation of
motion of membrane with strong viscosity. The
tensions of end points for the vibration problem
have been controlled using the cost functional in
(Subast vd., 2017). Similar problems with
different controls and cost functionals have been
examined in (Lions, 1971; Yeloglu ve Subasi,
2010; Bahaa, 2011).

In this study, we handle the following hyperbolic
system

U, —U, +q(X)u=F(xt), (xt)eQ (1)
u(x,0)=p(x), u(x0)=w(x), xe(0l) (2
u(0,t)=0, u(l,t)=0, te(0,T) ©)
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defined on the domain Q:=(x,t)(0,1)x(0,T).

We control the initial status minimizing the cost
functional

3, (p)=[[Tu(xt)=y, (x.t)]
o 2 2 (4)
+,[[ut (xT)=-Y, (X)] dx + a”‘/’"w;(o,n

0

on the set ¢ which is closed, convex subset of
W2 (0,1).

Namely, aim of this study is to deal with the
problem of

inf J
infJ, (#) (5)
assuming that the conditions

o(x) W} (0,1), w(x)eL,(0,1) are hold.

For cost functional, y,(xt)eL,(Q) is the state
function to which u(x,t) must be close enough
and w(x)eL,(0,1) is the final speed to which

u (x,T) must be close enough. a>0 is
regularization parameter.

In brief, in this study, we show that the initial
status of the system can be controlled for
hyperbolic problem by minimizing the cost

functional J, (¢).

In literature, there is no much research on optimal
control of the initial status for hyperbolic system.
So, this study is important in view of making the
contribution on the initial control for theoretical
and numerical investigations.

We introduce the spaces used in this article.
The space LZ(Q) describes space of square

integrable functions. The norm and inner product
on this space are given by

<u,v>L2(Q) :g(u.v)dxdt :

Ju

L(Q) — {u,u)

L(Q)"
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The space W, (Q) is a space consisting of all

elements L, (Q)with generalized derivatives of
first.

||f||W21(Q) = <f' f>w21(9)

We organize this paper as follows. Firstly, we
introduce some definitions and preliminary
results. Then, we show that the weak solution and
optimal solution is exist and unique. Later, we
obtain the adjoint problem for the considered
problem and calculate Frechet derivative of the
cost functional. Also, we establish necessary
optimality conditions for optimal solution.

2. Material and Method
2.1. Existence and Uniqueness Theorem

Firstly, we show that the weak solution of
hyperbolic problem is exist, unique and
continuous dependence according to initial data
under some conditions.

The generalized solution of the problem (1)-(3) is
the function ueW, (Q) satisfying the following
integral equality;

[ [~uz, +u,m, +a(x)un ] dxdt =
Q

' (6)
[ F (xt)maxdt + [y (xym(x, 0)dx

for V neW, (Q), n(X,T):0.

It can be seen in (Ladyzhenskaya, 1985) that weak
solution is exist, unique and satisfies the
inequality

L (e 74 AL Ay I
Here c, is independent from ¢ and y .

Let give an increment Sp(x)eW, (0,1) to the

control function ¢(x) such as g +Jpe¢g. Then

the difference function
su=su(xt)=u(xt;p+dp)-u(xtip) is the
solution of the following difference initial-
boundary problem;

S, —Su, +0(x)su=0 (8)
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ou(x,0)=dp, ou,(x,0)=0 9)
su(0,t)=0, su(l,t)=0 (10)

It can easily be seen from (7) that the solution of
above difference initial-boundary problem holds
the inequality

||6u(.,t)||2L2 on S6l00lhy 0 VEE[OT] (D)

Here c, is independent from S .

We will benefit from Goebel’s theorem in order to
demonstrate the existence and the uniqueness of
optimal solution for problem (1)-(5) (Goebel,
1970).

Theorem (Goebel Theorem) : Let H be a
uniformly convex Banach space and the set ¢ be
a closed, bounded and convex subset of H . If
a>0 and F>1 are given numbers and the

functional J(¢) is lower semi continuous and

bounded from below on the set ¢ then there is a
dense set G of H that the functional

3. (p)=3(p)+a||, (12)

takes its minimum on the set ¢. If S>1 then
minimum is unique.

Now, we can show that optimal solution is exist
and unique using this theorem.

The set W, (0,1) is a uniformly convex Banach
space (Yosida, 1980), the set ¢ is a closed,
bounded and convex subset of W, (0,1).

On the other hand, for the increment of the
functional J(¢), the following inequality is valid;

153 (0)| <. |60z 01) + 15000 | (13)

From this inequality, we can say that this
functional is also lower semi continuous and

bounded from below on the set ¢ . So, J, (@) has

minimum on the set ¢. Namely, the optimal
solution is exist.

Finally, since f=2, the optimal solution is
unique.
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3. Main Results that the cost functional J,(¢) is Frechet
3.1. Adjoint Problem and Derivative of the differ.entiability on the_set ¢. Augmented
Functional functional for the problem is

In this section, we write the Lagrange functional
used for finding adjoint problem, before we show

ja<u’§0’77)_”[ (% )—yl(Xt)]zdx+.|‘[ut(x,T)—yz(x)]zdxdt+a||(p||\i/21(0|)

0

. (14)
+” ~U, +0(x)u=-F(x,t)] ndxdt
00
The first variation of this functional is obtained such as;
53, ”[ZU (X,t) =2y, (X,t) =1, + 1, —A(X)77 + Su(x,t) [Ou(x,t)dxalt
+J'[2ut(x,t)—2y2(x)—77t(x,T)+5ut(x,T)]§ut(x,T)dx
0
| |
~ [, (x,0)5u, (x,0)dx— [(x,0)u(x,0)dx (15)
0 0
|
+aI(2goé'¢>+ 20,00, +(pf)dx
0
By means of stationary condition 5J_, =0, the following adjoint boundary value problem is found;
e =1 +A(X)7 =2 U(X,1) =y, (X,1) ] (16)
7 (xT)=0, 7 (xT)=2[u(xT)-y,(x)] (17)
n(0,t)=0, n(l,t)=0 (18)

For Vy eV\0/21(Q) , the function 7 C*([0,T],L,(0,1))~C°([0,T].W, (0,1)) which satisfies the following
equality
”[ o+ +a(X)my = 2[u(x.t) -y, (xt) };/]dxdt_'l.nt (x,0)7(x,0)dx
(19)
—J'Z[ut(x,T)— yz(x)];/(x,T)dx
0
is the solution of adjoint boundary value problem (16)-(18).

From the conditions of the difference problem, we rewrite the equality (1.15) as follows;
|

53, (9)= j(—n(x, 0)Sp — 1, (X,0) 0, + 20050 + 200,50, )dx + 0(”5(0"5\/21(0,0)

0
2
>(0) )

So, we obtain the derivative of the cost functional from definition of Frechet derivative such as;
I (@) =-n(x,0)+2a¢p (20)

=(-7(x,0)+ 20‘4”5<”>w;<o,|> " O(
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3.2. Condition for Optimal Solution

After calculating the derivative of the functional,

it can be said that the derivative Ja(go) is
continuous on the set ¢. The fact that the

functional Ja(gp) is continuously differentiable

on the set ¢ and the set ¢ is convex, in that case
the following inequality is valid according to
theorem in (Vasilyev, 1981);

(92(07).0=0),, 20 ToED (21)

Therefore, necessary condition for optimal
solution is given by the following inequality;

<—77(X,O) +2a¢ ,p- ¢*>W21(0’|) >0, Veped (22)

4. Conclusion

This study presents the optimality conditions for
an optimal control problem involving hyperbolic
equation. The initial status has been chosen as the
control function in this paper. We obtain an
adjoint problem for problem (1)-(3) and calculate
derivative of the cost functional via adjoint

problem on the space W, (0,1). The derivative of

the functional is highly important for obtaining a
control which converges optimal solution.
Therefore, this study leads to numerical
investigations related to obtaining an optimal
solution.
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1. Introduction

Contact geometry is an important branch of
geometry. One can dived into two part this no-
tion: real and complex. The complex contact
geometry studied since 1959 and there several
works in literature (Blair, 2010; Turgut Vanli and
Unal, 2017). Real contact geometry is studying
widely by scientists and has lots of applications to
other areas of mathematics and theoretical physics
(Kholodenko, 2013). There are several classes of
contact manifolds. One of them Kenmotsu
manifolds which is called for honor of Katsuei
Kenmotsu who was introduced the notion.
Kenmotsu proposed to study the properties of
warped product of the complex space with real
line. This product is one of the three classes in
classification was given by S. Tanno (Tanno,
1969). So this problem appears naturally at that
time. Kenmotsu obtained some results and gave
characterization for this third classes of Tanno’s
classification. The importance of Kenmotsu
manifolds comes from some different properties
of these spaces. On of them is that a n almost
contact manifold which is satis- fied being
Sasakian condition is not Sasakian. Also the
contact distribution of any Kenmotsu manifolds is
always integrable. A Kenmotsu manifold is not
compact and has negative sec- tional curvature,
for details see (Pitis, 2007).

A manifold with the almost contact Riemann
structure (@,&,77,9) is an almost Kenmotsu

manifold if the following conditions are satisfied

dn=0,dQ=2pAQ

¢ =l +i77i ®&, 7'(&)=6,,05=0, 7' 0p=0

9(pX,T) = g(X,T)= X7 (X' (T)

i=1

()

then we recall M is f -manifold (Goldberg and
Yano,1971). In addition we get

n'(X)=9(X. &), 9(X,9T)=-g(pX,T).
The fundamental second form of the contact
structure is defined by ®(X,T) = g(X,¢T).

If we denote L={X:n%(X)=0,1<a<s}
and M=sp{&,&,,...&5} then we can write
TM=L®&MLet U be a coordinate
neighborhood and E, be a unit vector field on U

orthogonal to the structure vector fields. M has
local an orthonormal basis
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where Q is second fundamental form of almost
contact structure and defined by
Q(X,Y)=g(pX,Y) for X, Y € I(T M). In
2006, M. Falcitelli and A. M. Pastore introduced
Kenmotsu f.pk -manifold (Falciletti and
Pastore, 2006). An f.pk -manifold M is (2n+ s)-
dimensional manifold with an f -—structure with
parallelizable kernel. A normal -manifold

(M,9,&,1,9) is called Kenmotsu if 1-forms

n' are closed and dQ=2n' AQ.

Two of presented authors introduced generalized
Kenmotsu manifolds obtained some results on
curvature properties (Turgut Vanli and Sari,
2016). Also same authors studied on invariant
submanifolds of generalized Kenmotsu manifold
(Turgut Vanli and Sari, 2015a,b). In 2017
Srikantha and Venkatesha examined this kind of
submanifolds by certain conditions (Srikantha and
Venkatesha, 2017). In this article we studied on
concircular curvature tensor on generalized
Kenmotsu manifolds. We gave some results on
flatness conditions and symmetric conditions.

2. Preliminaries

Let M bea (2n+s)— dimensional differentiable
manifold. If, for (1,1) type tensor field ¢, S—

& d, (called
structure vector fields), S— differentiable 1-forms

differentiable vector fields

771,...,775, a Riemannian metric g and vector
fields X, T eI'(TM)on M we have

(1)
{Epeo By 0B B G S,

A metric f -manifold s

[¢’¢]+22df7i®§i =0, where [p,p] is the

Nijenhuis tensor of ¢@. A 2-form @ on M such

normal if

that 77" A..AD* AD" #0 then M s called an

almost s-contact metric manifold. A normal
almost s-contact metric manifold is called an s-
contact metric manifold.

Definition 2.1 Let (M(2”+S),(/),§i,ni),szl, be

an almost S— contact metric manifol. If for all

S .

1<i<s, areclosed and d® = 2277' AD then
i=1

M is called generalized almost Kenmotsu manifol.
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If, in addition, M is normal, then it is called a
generalized Kenmotsu manifold.

Let R be Riemannian curvature tensor of M
which is defined as:

ROX,Y)W =V, VW -V, VW -V, W (3)

for X,Y,W vector fields on M . The Riemann
curvature of a generalized Kenmotsu manifold

have following equations (Turgut Vanli and Sari,
2016)

ROGTIE = X7 (NP X —n! (X)pT}

@

ROGE)T = 200 M X -9 (X0} 6
ROGE)E =0, REEE=0

7' (R(X,T)W) =i{n"ﬁ)g(x.W)—nj(X)g(F,W)}- ™
Also for X,Y, T eI'(TM) we get

R(X,Y)pT —R(X,Y)T =g(Y,T)pX —g(X,T)pY —g(Y,pT) X +g(X,@T)Y, (8)
R(pX,oY)T =R(X,Y)T +g(Y, T)X —=g(X,T)Y +g(Y, 0T )pX —g(X, ¢T)eY, 9
R(@X,Y)T =oR(X,Y)T +g(Y,T)pX —g(X,T)pY —g(@X, 0T )pY —g(eY, el )pX. (10)

For the Ricci curvature S of M we have
S(X,&) = _2n277j(x) o S(&. &) =-2n
j=1

The notion of curvature is one of important tools
for understanding Riemannian geometry of
manifolds. Some geometric features of structure
on manifolds could be restricted from curvature

r
(2n+s)(2n+s-1)

Z(XY)T=R(X,Y)T -

where r is the scalar curvature of M. Yano
proved that a concircular flat Riemann manifold is
space of constant curvature (Yano, 1940). Also an
Einstein space is invariant under concircular
transformation. We can express that this tensor
measure the difference the manifold from being
space forms. In order to brevity we take
r

~(2n+s)(2n+s-1)

tensors. One of the important curvature tensor is
concircular curvature tensor which is invariant
under concircular transformations (Yano and Kon,
1984). If concircular curvature tensor vani§hdg
then we recall the manifold concircularly.
Concircular curvature tensor on a (2n+S)—

dimensional generalized Kenmotsu manifold is
given by

[9(Y. T)X —g(X,T)Y]. (12)

From the definition of concircular curvature
tensor on a generalized Kenmotsu manifold M
we have

Z(5.¢))6 =0 (13)

Z(X,6)8 =X+ 20" (0E, ~ AP ()& (14)

ZOGEN = X (900GY)E 7 ()X )+ AGXY)E ~7 (V)X) (15)

Z(X,Y)é = i(ﬂj(x)—ﬂj(Y)X)+A(77i(X)Y -1’ (Y)X) (16)

=



Unal et al. | GUFBED CMES (2018) 99-105

forall X,YeI'(TM) and 1<i, j,a <s.

In the contact geometry 77 — Einstein metric has
important  position. This metric is the
generalization of Einstein metric. Let A, 4 some
functions and X, T be vector fields on M if the

Ricci tensor of a generalized Kenmotsu manifold
satisfies

$(X,T) = Ag(X,T)+u D 7' (X)n'(T)

i=1
then M is called 7 —Einstein generalized
Kenmotsu manifold. Since

™ =L@ sp{é,,&,,...,&} we can write
X = x0+ZS:77‘(><)§i and T :TQ+ZS:77‘(T)§i

where X,, T, € L. Then we get

S(X,T)=S(X,T)) 20 > 7 (X)'(T). (17)

i=1

There we get that if S(X,,T,) =ag(X,,T,) then M is 7 —Einstein.
By similar consideration for sectional curvature of a generalized Kenmotsu manifold we have

K(XT) =K (X0, T+ Y 7 M K0 £) + > 7 (05 (KXo, £,)

a,p=1

3 I OOn” (MFKE, . &)).

a,p=1

3. Flatness Of Generalized Kenmotsu Manifold
Via Concircular Curvature Tensor

As we know any concircular flat Riemann
manifold is space of constant curvature. There is
also a similar results for generalized Kenmotsu
manifold. By an easy and direct computation;
Theorem 3.1 Any concircularly flat generalized
Kenmotsu manifold is Einstein.

Definition 3.2 Let M be a generalized Kenmotsu
manifold. For X,Y ,W eT'(TM) if

(18)

¢ (Z(pX, Y )W) =0 (19)

then M is called ¢ — concircularly flat.
Theorem 3.3 @ —concircularly flat generalized
Kenmotsu manifold is 77 —Einstein.

Proof Let M be a ¢—concircularly flat

generalized Kenmotsu manifold. From the
definition of concircular curvature tensor and by
using (10) for X,Y,U eI'(TM) we get

Z(@X, Y, )pU = pR(X,Y)U +g(Y,U)pX —g(X,U)eY

+(1+ A)g(pX, pU)gY —(1+ A)g(eY, U )pX.

Since M is @ —concircularly flat by applying g02 to this equation we have

+(1+ A)g(oY, pU)pX.

Let apply ¢ again to last equation and from (1),(2) and (7) we obtain

ROX,Y)U =3 307 (X)g(Y.U) — 7/ ()g (X, U)X,

a=1 j=1

(20)

~g(Y,U) -1+ A)g(eY,gU)}* X +{g(X,U) - (1+ A)g(pX, gU)}¢%Y.

Let choose Y=U=E X=X, T=T, for
Xy Ty € L and taking sum over i to 2n+s for

the basis {E,...E, ¢E,...¢E,&,... Y

from (20) we get
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> 0(R(X0 E)EuT,) = - SHHO(E, E) - (L+ AG(VE 4 )} (6%, T}

+ 30 (X0 E) - L+ AI0X0.8, ENIHE, T}

and thus we have

ZS: 9(R(X,, E)). B Ty) = ~(2n+5)g(¢° X, To) = (L+ A)2ng (¢° X, To) + 9(4° X, Ty)

i=1

_(1+ Ag (¢2Xo’¢2To))-

Therefore we get

S(X,, Tp) =(@n+s+(2n-1)A)g(X,,T,)
and from (17) we have

S(X,T)=(@n+s-(2n-1)A)g(X,T)+(-6n—-s+(2n-1)A) ZS: n“(X)n“(T)

ja=1

for arbitrary vector fields X, T on M . So this shows that M is 77 —Einstein.

Definition 3.4 Let M be a generalized Kenmotsu
manifold. For X,Y,W eT'(TM) if

g(Z(¢X,Y)T,M)=O (21)

then M is called pseudo-concircularly flat.
Theorem 3.5 Let M be pseudo-concircularly flat
generalized Kenmotsu manifold then the
Riemannian curvature of M has the following
form:

RTW)X =-gW,gX)T —g(T,gX)W —gW, X)4T +g(T, X)W

+A(9(@X W)T —g(gX .T)¢W)+i{77“(R(F,W)X)+ gW,gX)n“(T)

+9(T,#X)n" (W)},

where T, W, X eI'(TM).

(22)

Proof Let M be pseudo-concircularly flat generalzed Kenmotsu manifold. For X,Y,T,W €I'(TM) from

(12), (8) we get

¢R(T,W)X :—g(VV,¢X)¢T +g(T!¢X)M —g(\N,X)T _g(T!X)W

+A(g (X W)T —g(gpX,T)W.

By applying ¢ to the (23) and from (1), (7) we
obtain (22).
From this theorem we have following corollary;

Corollary 3.6 Let M be a pseudo-concircularly
flat generalized Kenmotsu manifold for

XoTo€l'(£) and & el'(M) the sectional

curvature of a pseudo-concircularly  flat
generalized Kenmotsu manifold is given

k(XO,TO):k(XO,fa)=k(c§a,§ﬂ):O.
Thus from (18) also we get;
Corollary 3.7 The sectional curvature of a

pseudo-concircularly flat generalized Kenmotsu
manifold vanishes.
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(23)

Corollary 3.8 The ¢ —sectional curvature of a

pseudo-concircularly flat generalized Kenmotsu
manifold M is equal to 1.

4. Some Symmetry Properties of a Generalized
Kenmotsu Manifold

The notion of symmetry has the important
position to study the Riemannain geometry of
manifolds. Locally symmetry of a Riemann
manifold could state by curvature tensor.
Fora S tensor R(X,Y).S is defined by

R(X,Y)S =V, V,S-V,V,S -V, 5.
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Also if R.7 =0 then the manifold is called T —
semi symmetric. For a Riemannian manifold if
R.R=0 then the manifold is called locally
symmetric.  Locally symmetric generalized
Kenmotsu manifold studied by Turgut Vanli and
Sari (Turhut Vanli and Sari, 2016). They proved
that ¢@—sectional curvature of any semi

symmetric  (2n+s) -dimensional  generalzed
Kenmotsu manifold (M,(p,é,ni,g) is equal to
—S . Same authors also studied on Ricci-semi
symmetric generalized Kenmotsu manifolds. In
2005 Blair, Kim and Tripathi studied on
concircular curvature tensor of a contact metric
manifold (Blair vd., 2005). They classify the
special class of contact N(k) manifolds by

concircularly symmetric (which means VZ =0)
condition. The concircular geometry has

interesting results in the contact geometry. In this
section we study on generalized Kenmotsu
manifold via symmetry condition with these
tensor.

Let M be a generalized Kenmotsu manifold. If
R(X,Y)p=0 then M is called ¢—semi
symmetric. For X,Y,U eI'(TM) R(X,Y).p is
given by

(R(X,Y). @)U =R(X,Y)U —gR(X,Y)U.
Similarly if Z(X,Y).p =0 then the manifold is
called ¢@—concircular semi symmetric. For
X, Y, Wel'(TM) Z(X,Y).p isgiven by
(Z(X,)Y).p)W =Z(X,Y)PN —pZ (X,Y)W.
Also for arbitrary vector fields X,Y,Z,T,U and
W on M we have

(R(X,Y).Z)(T,UW =R(X,Y)Z(T,UW = Z(R(X,Y)T,UW —Z(T,R(X,Y)UW —Z (T ,U)R(X,Y)W.

A genarlized Kenmotsu manifold with R.Z=0
is called concircular semi symmetric.

In this section we give some results on symmetry
properties with related to concircular curvature
tensor of generalized Kenmotsu manifold.
Theorem 4.1 A genarlized Kenmotsu manifold is
@ — concircular semi symmetric if and only if the

scalar curvature r=-—(2n+s)(2n+s-1) and
the manifold is ¢ — semi symmetric.
Proof Let M be a @—semi symmetric

generalzed Kenmotsu manifold. From the
definition and by using (8), (9) we get

0=(1+A)g(Y,W)pX —g(X,U)eY —g(¥,pU) X +g(X, gU)Y).

If 1+ A=0ie r=—(2n+s)(2n+s—1) we get

This means M is ¢@—semi symmetric.
Conversely let M be a ¢@—semi symmetric
generalzed Kenmotsu manifold and

r=—(2n+s)(2n+s—1) then we get

(Z(X.Y)p)U = -A(g(Y, U)X —g(X,@U)Y —g(Y,U)pX +g(X,U)eY).

So the manifold M is ¢—concircular semi

symmetric.
Theorem 4.2 The Riemannian curvature tensor

R(TO’UO)YO = (S_ZA)g(Yo’To)U +(1+A)9(Y0’U)To

where Y,,U,, T, are vector fields orthogonal to
& on M.

R of the a concircularly semi symmetric
generalized Kenmotsu manifold is

(24)

Proof Let choose X =W =¢& and Y,,U,T,

orthogonal to & then we get

R(gi’Yo)Z(To’Uo)é:i _Z(R(é:i’Yo)To’U)égi _Z(To’ R(Cfi’Yo)U)Cfi _Z(TO'UO)R(égi’Yo)é:i =0.

From equalities (4) ,(5), (6), (14), (15) and (16)
and by some computations we get (24).

For vector field V, is orthogonal to & from (24)
we get

g(R(T,Up)Y,, Vo) = (s =2A)g(Y,, To)9(Ug, Vo) + (1+ A)g (Y, U 9 (Ty, Vo)
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and by choosing U, =V, = E; , taking sum from Then from (18) for arbitrary vector fields

i to 2n we obtain T,Y e['(TM) we get

S(Tono) = (Zn +S_1_(2n_1)A)g(To1Yo)-

S(T,Y)=(2n+s-1-(2n-1)A)g(T,Y) —(—4n—s—1+(2n—1)A)ZS:77“(Y)77“(Y).

a=1
Thus we have proved following corollary. generalized Kenmotsu manifold for unit ant
Corollary 4.3 A concircularly semi symmetric mutually orthogonal vector field T,W € I'(TM)

generalized Kenmotsu manifold is 77 —Einstein. is given by
Corollary 4.4 The sectional curvature of a

S

k(T,W) = (1+A)(1+ > (n“(T)nﬁ(T)+77“(W)77’8(VV)+(77“(T)77’”(W))2)j-

a,p=1
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Oz

Bu ¢alismada; betonun mekanik dzelliklerinden olan basing, egilmede ¢ekme ve yarmada ¢ekme dayanimlarinin ¢arpma
dayanimu tizerindeki etkileri incelenmistir. Bu amag¢ dogrultusunda maksimum agrega ¢ap1 4, 8 ve 16 mm, su/¢cimento
(S/C) orani ise 0.50 ve 0.55 olan alt1 seri numuneleri hazirlanmistir. Hazirlanan numuneler lizerinde basing, egilme,
yarma ve Charpy darbe dayanimlari belirlenmistir. Yapilan deneysel calismalar sonucunda; betonun mekanik
ozelliklerini agrega capindaki artis olumlu etkilerken S/C oranindaki artis olumsuz yonde etkilemistir. Betonun ¢arpma
dayanimindaki degisim de ayni sekilde olmustur. Fakat carpma dayanimi S/C oranindaki artistan daha az etkilenmistir.

Anahtar kelimeler: Basing Dayanimi, Beton, Charpy Deneyi, Carpma Dayanimi, Cekme Dayanimi.

Abstract

In this study, impact stregth of concrete is investigated with the effect of mechanical properties such as compressive
strength, flexural tensile strength and splitting tensile strength. For this purpose, six serial specimens with three
different maximum aggregate diameter (4, 8 and 16 mm) and whose water/cement (w/c) ratio of 0.50 to 0.55 were
prepared. The compressive, bending, splitting and impact strength of the prepared specimens were determined. As a
result of study; The mechanical properties of the concrete were positively effected by the increase in the aggregate size,
while the icrease in the W/C ratio adversely effected. The change in the impact strength of concrete has also been the
same. But the impact strength is less effected than the increase in W/C ratio.

Keywords: Compressive Strength, Concrete, Charpy Experiment, Impact Strength, Tensile Strength.
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1. Giris

Degisik tlirdeki yapilarda kullanilmakta olan
betonun iizerine degisik yonlerde etki yapan statik
veya dinamik yiikler gelebilmektedir. Beton, bu
yiikleri tasiyabilmek i¢in direng gostermektedir.
Dogal olarak, {iizerine gelen yiikiin -etkisiyle
betonda bir miktar sekil degisikligi meydana
gelmektedir. Uzerine gelen yiiklerin biiyiikliigii
artttkca, hem betondaki sekil degisikliginin
miktar1 artmakta, hem de bu yiikleri tagiyabilmek
icin daha ¢ok diren¢ gerekmektedir. Eger
meydana gelen yikleme Dbetonun tasima
kapasitesinden daha fazla boyutlarda olusursa,
betonda sekil degisikligiyle birlikte betonun
kirilmasina neden olmaktadir (Mather, B., 1994).
Betonun {lizerine degisik yonlerde uygulanan
yiikler, degisik etkiler yaratabilmektedir. Basing,
cekme, egilme ve kayma etkisi yaratacak yiikler
altinda betonun sekil degistirmeye ve kirilmaya
kargi goOsterecegi direnme kabiliyeti sirasiyla;
basing dayanimi, c¢ekme dayanimi, egilme
dayanimi, kayma dayamimidir (Erdogan, 2003).
Ozellikleri en az bilinen ve incelenmis
yliklemelerden biri de carpma yiiklemesidir
(Murtiadi, 1999). Carpma yiiklemesinde anlik
yiiksek degerlerdeki siddet etkiyle meydana gelen
gerilmeler diger yiikleme degerine gore daha
fazladir. Carpma sonucu olusan dinamik etki,
statik yiiklemelere gore yapida yiiksek oranlarda
ani gerilme artislar1 meydana getirmektedir. Bu
gerilme artiglari  yapt elemanlarinda  anlik
catlamalara sebep olarak yap1 giivenligini
olumsuz  yonde  etkilemektedir. Carpma
kuvvetlerinin  olusturdugu gerilmelerin  yap1
elemanlar1 {izerindeki etkileri belirleyecek kesin
bir yontem olamamasi ise bu konu {izerinde
yapilan c¢alismalarin  en Dbiiyiikk sorunudur.
Kullanim amaglarima gore beton ve betonarme
yap1 elemanlar1 ¢arpma etkisi altinda kalabilirler.
Ornegin bircok beton ve betonarme yapilardan;
doseme kaplamalari, hava alanlari, yollar, kazik
ve palplans basliklar1 ¢arpma tesirine maruz
kalabilmektedir. Bir malzeme iizerinde g¢arpma
etkisi, yiizeyine bir cismin belirli yiikseklikten
diismesi yolu ile olacagi gibi aniden uygulanan
kuvvetler seklinde de olabilir. Carpma sonucunda
bir cisimde gerilmeler c¢ok kisa siirede biiyiik
degerlere ulagabilmekte, gerilme ve
deformasyonlar karmagik hale geldigi i¢in teorik
olarak irdelemesi zor olmaktadir. (Arict vd.,
2007). Teknolojik gelismelerle birlikte celik ve
beton gibi temel yap1 malzemelerinin g¢arpma
yiikleri altinda gosterdikleri davranig bi¢imi daha
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da 6nem kazanmustir. Ornegin niikleer santrallerde
reaksiyonlar sirasinda ortaya c¢ikan yiikler kisa
sirede ¢ok biiyilk degerlere ulasabilmektedir
(Kantar vd., 2011). Carpma deneyleri yakin
tarihimize kadar temel yap1 malzemelerinden olan
celik iizerinde yogunlasmistir. Fakat betonun aktif
kullanim1 yayginlastik¢a, ¢arpma etkisi altinda
davranis1 6nem kazanmaya baglamistir. Bu giine
kadar yapilan calismalarda deney metotlart ve
prosediir  hakkinda herhangi bir standart
olusturulamamustir (Arici vd., 2007; Selvi, 2008).
Carpma deneyleri, malzeme sekline ve cinsine
bagl olarak farkli sekillerde yapilabilmektedir.
Bunlar;

a. Hareketli Sarkag — Charpy (Edgington
vd., 1974; Johnston, 1974) izod (Aricy, E.,
2010).

b. Diisen Top — Diisme makinesinin farklt
tipleri ise sabit yiikseltideki disiis veya
degisken yiikseltideki diisiis (Verhagen,
1978; Jamrozy vd., 1979).

c. Kesin bir yiikseklikten diisiiriilen yapisal
elemanlar (Barb vd., 1974).

d. Patlayict Maddeler (Verhagen, 1978;
Jamrozy vd., 1979; Williamson, G. R,
1965) “dir.

Malzemelerin ¢arpma dayanim degerlerini tespiti
etmek amaciyla malzemenin cinsine gore farkli
deney metotlarin1 iceren standartlar mevcuttur.
Carpma dayaniminin belirlenmesine yonelik son
zamanlarda farkli calismalarda Charpy darbe
deneyi lizerinde arastirmalar yapilmistir (Arici,
2010). Darbe testinde dinamik bir yiiklemeyle
numunelerin ~ kirtlmast  igin  gerekli  enerji
belirlenir. Bu enerji miktarlart numunelerin kesit
alanina boliinerek darbe direnci degeri olarak
carpma dayanimini elde edilmektedir. Enerjinin
korunumunun  temel prensibindeki  Charpy
diizeneginde; sarkaca belli bir yiikseklikte enerji
kazandirilir, sarkag  serbest  birakildiginda
enerjinin bir kism1 numuneyi kirmada harcanirken
geri kalani ile sarkag bir miktar daha yiikselir.
Sekil 1°deki Charpy deney diizeneginde agirligt G
olan sarkag, hy yiiksekliginde potansiyel enerjisi
(Gxhy) yiikseklikte maximum diizeydedir. Sarkag
bu yiikseklikten serbest birakildiginda, diisey bir
dogrultuda salinarak numuneyi kirma igleminden
sonra bir h yiiksekligine ¢ikmaktadir. Boylece bu
kirllma islemi sonrasindaki sarkagta kalan
potansiyel enerji (Gxh) yiksekligindedir. Sekil
1’de gosterilen Charpy deney diizeneginde
enerjinin korunumu kanununda faydalanilarak
hesaplamalar yapilmaktadir.
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Sekil 1. Charpy Deney Diizenegi

Numunenin kirilmasinda, sarkagtaki tokmagin
numune ile temas ettigi noktadaki enerjisi ile
numunenin kirilma sonrasindaki sarkacta kalan
potansiyel enerjisi farki o numunenin kirilmasi
icin gerekli enerjiyi gostermektedir. Bu formiille
su sekilde gosterilebilir.

U = G(hy —h) = GL(cosB — cosa) (1)

Burada, sarka¢ tokmaginin ilk ve son konum
noktalarindaki potansiyel enerji farklarindan elde
edilen degerler bulunur ve bu degerler numunenin
kesit alanlar1 da hesaba katilarak ¢arpma
mukavemeti formiille elde edilir.

U _ G(ho—h)

C=_=—1 ()

2. Materyal ve Metot

Deneylerde kullanilan agrega, Elazig ili, Palu
ilgesinden temin edilmistir. Mineralojik olarak
nehir kumu niteliginde olan agreganin 6zellikleri
Tablo 1’de verilmistir. Cimento olarak; Tablo
2’deki fiziksel ve kimyasal 6zelligi verilen Ergani
Cimento Sanayi T.A.S ’nin iiretimindeki CEM IV
32.5 R tipi kullanilmigtir. Deney numuneleri TS
802’ ye gore hazirlanmig (Williamson, 1965) ve
Tablo 3°de bu veriler gosterilmistir. Numunelerin
seri Ozeliklerine gore, maksimum dane caplar1 4, 8
ve 16 mm olarak alinmistir. Graniilometrik bir
karisim olusturulmasi amacryla TS 706’daki sinir
degerlere uygun olarak ayarlanmustir.

Tablo 1. Karisima giren agregaya ait genel 6zellikler

Ozgiill agirhk Su emme Asinma kaybi Kil miktar1 Donma kaybi

(gricm’) (%) (%)

(%) (%)

2.48 4 16.6

2.0 1.83

Tablo 2. CEM IV 32.5 R Tipi ¢imentonun fiziksel ve kimyasal analizleri

Sio, Al,O3 Fe,O; CaO MgO SO;
26.86 8.09 518 45.88 3.64 241
45 Blaine Prizb. Prizs. |Oz ag. Yogunluk H.gen. 2 giin
1.9 4326  2.35 3.45 2.98 925 4 16.9

Serilerin karisim hesaplamalarinda, max. agrega
cap1 4, 8 ve 16 mm., S/C (su/¢imento) orani ise
0.50 ve 0.55 olarak alinmustir.
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Tablo 3. Karisima giren malzeme miktarlari

Agrega
Dmax S/C Cimento Su (mm)
mm k k
(mm) (ko) ) [ PP PO
0.50
\ (Seri 1) 400 200 1564 - -
0.55
(Seri 2) 357 197 1609 - -
0.50
. (Seri 3) 380 190 1142 489 -
0.55
(Seri 4) 345 190 1162 498 -
0.50
(Seri 5) 334 167 963 350 437
o 0.55
(Seri 6) 304 167 976 355 443
Basing deneyleri 150x300 mm. lik silindir dayanimlar1 ile bolinerek “q” degeri elde
numunelerle, egilmede ¢ekme  deneyleri edilmistir.
100x100x500 mm. lik kiris numunelerde, yarma
deneyleri 100x200 mm. lik silindir numunelerde q=—= (3)

ve Charpy darbe deneyleri ise 100x100x500 mm.
lik numunelerde yapilmustir. Betonun mekanik
ozellikleri ile c¢arpma dayamimlar1 arasindaki
iligkinin belirlenmesi amaciyla, carpma dayanim
degerleri sirasiyla basing dayaniminin karekokd,
egilmede ¢ekme dayanimi ve yarmada g¢ekme

Tablo 4. Serilerin dayanim degerleri

Vo

Ayrica D (max. agrega ¢api) ve S/C (su /
cimento) oranlarina bagli olarak dayanim
degerlerindeki degisim oranlar1 hesaplanmugtir.
Asagida Tablo 4 ve Tablo 5’de bu degerler
gosterilmektedir.

Egilmede

Carpma Yarma
Seri  Dayamim gasmg Go l(),‘ekme Gor Dayanim Ao
No (C) ayammu ayanimi (c)

(Nmm) (©) (\mm?%) (CAe) (o) (/o) (Nimm?) (Clog)

(N/mm°)

S1 |3.84 25.49 0.76 441 0.87 3.50 1.10
S2 | 3.65 20.63 0.80 3.39 1.08 2.79 1.31
S3 14.10 27.11 0.79 4.78 0.86 3.94 1.04
S4 | 3.92 23.48 0.80 4.55 0.97 3.09 1.25
S5 | 4.69 31.86 0.83 5.34 0.88 4.35 1.08
S6 | 4.49 28.84 0.84 4.64 0.97 3.47 1.30
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Tablo 5. Agrega ¢ap1 ve S/C oranina gore dayanimlarindaki azalma yiizdeleri

Do | S/c | BASS Dayamm ]Ffli;:;elml ;gglnalml ]()::;'gnml?nl
N/mm° | % N/mm°® | % N/mm* | % N/mm°® | % |
4 Joss |0 | 3% |33 |09 |55 |45 |36 |52
o loss |psap |15 |4 (1920 |5og (205U |ggy |56
o083 [aw B [we |13 se |1 |

3. Sonuc ve Oneriler
Yapilan deneysel c¢alismalardan elde edilen
sonuclar sunlardir.

a) Basing dayanimi, egilmede ¢ekme ve
yarmada ¢ekme dayanimi degerleri agrega
capinin bliylimesine bagli olarak artmugtir.
Bu artis carpma dayanimini da olumlu
yonde etkilemistir.

b) S/C oranmimin artis1 ile basing, egilmede
¢ekme, yarmada ¢ekme ve c¢arpma
dayanimlar1 azalmistir.

c) S/C oranindaki artig; basing, egilmede
¢ekme ve yarmada ¢ekme dayanimlarinda
asir1 derecede bir diislise sebep olurken,
carpma dayanimindaki diisme orant % 5
gibi kiiciik bir degerde kalmistir.

d) S/C orani ve agrega ¢apindaki degisimle
beraber dayanim degerlerindeki %
degisimlerine bakildiginda; basing ve
egilmede ¢ekme dayanimlarinda degisim
genis bir aralikta olmasina karsin yarmada
¢ekme dayanimi ve c¢arpma dayanim
degisimleri  ortalama  olarak  aym
degerlerde (% 25 ve % 5) kalmustir.

e) Carpma dayanim hesaplandiktan sonra
¢ekme dayanimi ile arasindaki iligkinin
belirlenmesi amaciyla c¢arpma dayanimi
ile cekme dayanimi arasindaki oran (q)
hesaplanmistir. Bu degerlerden goriilecegi
tizere dmax degerinin biliylimesiyle beraber
q degerinde de artis olmustur. Ayni
sekilde S/C oraninin artmasi ile beraber q
degerindeki artis devam etmistir. Bunun
sebebi S/C oranindaki artis, basing,
egilme ve yarma dayanimlarinm ¢ok fazla
diisiirmesine karsin, garpma
dayanimindaki diisme miktarinin daha
kiiciik olmasidir.

Charpy diizeneginde deney esnasinda bir miktar
hesapta olmayan enerji kaybi meydana
gelmektedir, bu kayip deney sonucglarma etki
etmektedir. Fakat biitiin deneyler ayni sartlar
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altinda yapildigindan ve bu enerji kaybi degeri
cok kiiclik oldugundan dolay1r ihmal edilmistir.
Daha saglikli sonuglarin elde edilmesi i¢in, bu
kaylp oranlarmin tam olarak belirlenip, sonug
tizerinde etki ettirilmesi daha uygun olacaktir.
Ayrica yarma dayanimi ile carpma dayanimi
arasindaki iliskinin daha net incelenmesi yararl
olacaktir.
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Oz

Bu calismada para Kenmotsu manifoldlairn skew semi invaryant altmanifoldlari ¢alisildi. Bir 6rnek verildi
ve distribiisyonlarin integrallenebilirlik sartlart elde edildi. Para Kenmotsu space formun bu tiir
altmanifoldlar1 incelendi ve bazi1 egrilik 6zellikleri elde edildi. Son olarak para Kenmotsu manifoldlarin bir
total geoedezik skew semi invaryant altmanifoldunun n-Einstein oldugu ispatlandi.
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Abstract

In this paper skew semi invariant submanifolds of para Kenmotsu manifold are studied. An example is given
and integrability conditions of distributions are obtained. This kind of submanifolds of para Kenmotsu space
form are examined and some curvature properties are obtained. Finally it is proved that a totally geodesic
skew semi invariant submanifold of para Kenmotsu manifold is n-Einstein.

Keyword: Para Kenmotsu manifold, Para Kenmotsu space form, Skew semi invariant submanifolds
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1. Introduction

Para complex geometry is the geometry which is
related to the algebra of para complex numbers
(Cruceanu et al, 1996). The para complex
structures is defined on a smooth manifold M with
the endomorphism J: I'(TM) - I'(TM), J*> =1
such that the 1-eigen distributions are integrable
and has the same dimension. There are some
differences between para complex geometry and
complex geometry. The product of two manifolds
M, x M_ of the same dimension is the natural
example of para complex manifold. These
manifolds also have some applications in physics,
they are related to supersymmetric field theories
with Euclidean space time (Zamkovoy, 2009).

In 1985 Willams and Kaneyuki studied the almost
para contact structure on (2n + 1)-dimensional
pseudo-Riemannian manifold M and showed the
almost paracomplex structure on the product
manifold of M and real line R (Kaneyuki and
Willams, 1985). Also Zamkovoy (Zamkovoy,
2009) studied an almost paracontact metric
manifold and their subclasses. Similar to contact
manifolds some classes of para contact manifolds
are defined and this notion studied by geometers.
One of them is para Kenmotsu manifolds and we
focused on this notion in this paper.

The almost semi invariant submanifold of a
Sasakian manifold was studied by Bejancu and
Papaghuic (Bejancu and Papaghuic, 1984). They
also gave a classification for submanifold classes
of a Sasakian manifold. Ronsse defined skew CR-
submanifolds of Kaehler manifold, such a
generalization of bi slant submanifold (Ronsse,
1990). After this notion is studied by several
authors (Lui and Shao, 1999; Sahin, 2010).

Our aim in the present work is to extend the study
of skew semi invariant submanifolds to the setting
of a para Kenmotsu manifold. After giving
fundamental facts about para Kenmotsu manifolds
we examine the submanifolds of them. We recall
the definition of skew semi invariant submanifold
and we give an example. Morover we obtain
integrability conditions of distributions. Then we
give some curvature properties of skew semi
invariant submanifold of para Kenmotsu space
form. Finally we prove that a totally geodesic
skew semi invariant submanifold of para
Kenmotsu manifold is n-Einstein.

2. Preliminaries

Definition 1 Let MZ"*+D differentiable manifold
and o, n, & ,g is (1,1)-tensor field, 1-form, a vector
field and a pseudo-Riemannian metric on M,
respectively. If for all W,Y € I'(TM) following
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conditions are satifeied then M called almost para
contact metric manifold:

@*W = p(W—n(W)3), n® =1 1)
g(eW, oY) = —u(gW,Y) —en(W)n(y)) (2
where 1, e = +1. In addition, we have

@) =0, nop =0, n(W) = eg(W, ). 3

By this definition M is an almost contact metric
manifold if ©x = —1. For an almost contact metric
manifold by setting ¢ = 1 we get the signature of
metric is equal to 2p, and by setting € = —1, the
signature of metric is equal to 2p + 1. Also M is
an almost paracontact metric manifold if u = 1. In
this case the signature of metric is equal to n by
setting € = 1, or n + 1 by setting € = —1 (Olszak,
2013).

Definition 2 An almost para contact metric
manifold M is normal if

[@, @](W,Y) = 2dn(W,Y)§=0

forall W, Y € T'(TM) ,where

[@, @](W,Y) = @*[W,Y] + [@W, Y] —
@e[eW, Y] — ¢@[W, @Y ] (Olszak, 2013).

Proposition 1 On an almost para contact metric
manifold for any W,Y, U € I'(TM) we have
2g((Vw@)Y, U) = 3d®(W, ¢Y, U)

—3dod(W, Y,U)

+g(N( Y, U), W)

+uNZ(Y, Un(W)
+ 2pdn(@Y, W)n(U)
B — 2pdn (U, W)n(Y) B

where V is Levi-Cevita connection on M and
NZ2(W,Y) = 2dn(eW,Y) — 2dn(eY, W).

Definition 2 An almost para Kenmotsu manifold
is an almost para contact metric manifold which
has closed 1-form n and d® =2nA®. If M is
also normal then we call M is called a para
Kenmotsu manifold.

Theorem 1 M is para Kenmotsu manifold if and
only if

(Tw@)Y = g(@W, V) —n(Y)eW
forall W, Y € T'(TM).
Proof. Let M be a para Kenmotsu manifold. From
Proposition 1, v W, Yel'(TM) we have

— 3d®(W,Y, U))
From the definition of second fundamental form
we get

(4)
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g((Vw@)Y, U) = -n(W)g(@Y, 9?U) + n(W)g(Y, 9U) — n()gU, W) —n(U)g(W, ¢Y).

Therefore from (1) and (2) we obtain (4). 3de(W,Y ,U) = {g(eW, U)g(Y,?)

Conversely using (4), we get OVwE = —n(Mg(Y, W)

g(@W, )& —n(§)eW and therefore Vi & = @*W. — g(oY, g(X,?)

On the other hand for n 1-form we have

dn(W,Y) = %{g(Y, — W) — g(W,—¢?Y)} = 0 +n(U)g(W, ¢Y) + g(eU, Y)g(X, &) —

and this shows 1-form n is closed. In addition n(NgW, ¢U)}

since B zq{Jq)V(VU’YW)nU(Y) oY, Un(W

tvi tvi + ) + )

3dO(W,Y,U) = g(Y, (Vo)) — g(U, (Vy@)W) (W, Y)n(U) + @(Y, Un(W)}

— 8(W, (Vy@)Y) Thus we get d® =2nA®. Moreover, the

and from (4), we have Nijenhuis tensor of ¢ is

No(W,Y) = (—{g(eW,V)E = (Y)W} + {g(@Y, W& — n(W)eY}) + {g(@*W, Y)§ — n(Y)p*W}
— {g(@*Y, W —n(W)?*Y} =0

Hence, M is normal. The proof is completed. where TW (resp. NW ) denotes the tangential
By above theorem we get following corollary. (resp. normal) component of W and for every
Corollary 1 For a para Kenmotsu manifold with normal vector field V we can state
M, @,§1,g) and W,Y € I'(TM) we have
oV =tV +nlV (1)
VwE = @*W. )
where tV in the tangental component of ¢V and
3.Submanifolds of Para Kenmotsu Manifold nV is the normal one.
Now, for later use, we establish some results for a
Let M™ be a submanfold of a para Kenmotsu submanifold para Kenmotsu manifold.
manifold M@™*D, The fundamental equations of
the submanifold theory for M are given by Proposition 2 On M™ we have
VY = VywY — h(W,Y) (Gauss Equation)  (6) (VwT)Y = AyyW + th(W,Y) + g(TW, Y)§ —
n)TW (12)

ViV = —AyW + Vi,V (Weingarten Equaiton) (7)
(VwN)Y = nh(W,Y) — h(W, TY) — n(Y)NW (13)

where W,Y € T(TM) and V € I'(TM)*. In this

equations h is denoting the second fundamental for all W, Yel'(TM)
form, V1 is denoting the normal bundle Proof. For any W,Y € I'(TM) we have
connection and Ay is shape operator associated (Vwo)Y = VwoY — @VyY
with V. A and h related by Then, using (4), (6) and (7) we get
g(TW + NW,Y)E —n(Y)(TW + NW)
g(h(W,Y),V) = g(AyW,Y) . (8) = Vw(TY + NY) — @(VywY
+h(W,Y))
The mean curvature tensor H is defined by = VwTY + h(W, TY) — AnyW + ViyNY — TV, Y
— NVyY — th(W,Y) — nh(W,Y)
H= %Zﬂnzl h(ey, ex) (9) = (Vw DY + (ViwN)Y + h(W, TY)

—AnyW — th(W,Y) — nh(W,Y)
and thus we obtain
(VwDY + (VywN)Y
= g(TW+ NW,Y)§ —n(Y)TW
—n(Y)NW
—h(W, TY) + AyyW + th(W,Y) — nh(W, Y).

where {e4, ..., e,,} is a local orthonormal basis of
T™.

For every tangent vector field W on M we can
write

By cosider tangent and normal components in this

W =TW + NW (10) equation, (12) and (13) is obtanied.
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4. Skew Invariant Submanifolds of Para
Kenmotsu Manifold

In 1990, Ronsse defined skew semi invariant
submanifold of a contact metric manifold. In this
chapter we use this definition for para Kenmotsu
manifolds.

Definition 3 Let (M®@"*D ¢ £ g) be a para
Kenmotsu manifold and M™ be a submanifold of
M which is tangent to €. For s distinct functions
Ui, Uy, ..., Us defined on M with values in the open
interval (0,1) such that TM is decomposed as T —
invariant and mutually orthogonal differentiable
distributions given by

TM =D° @ D' @ D™ @ ... DHs P {&}
Example 1

then M is called almost skew semi invairant
submanifold of M. For each x€M , the
distributions are D, = ker(N), Dl =
ker(T) and D"i, = ker(T? + ;1) , where | is the
identity transformation and u(x) belongs to closed
real interval [0,1] such that —p?(x) is an
eigenvalue of T?(p) (Ronsse,1990). Moreover if
each y; is constant, then M is called a skew semi
invariant submanifold.

An known example of para Kenmotsu manifold is
(R?M*1 0, & 1,g). Now, we give a skew semi
invairant submanifold example of

(R*™™1, 9,51, 8).

The para Kenmotsu structure on canonic contact manifold (R2%+1, ¢, &, 1, g) is given by

(p(Ul, ey Un, Vl' ""VI'U E) = (Vl' ...,Vn, _Ul’ ey _Un)

d
0z’

Naai

n=dz

g= e 2z [dx; ®dx; + dy; ®dy;] — n®n

i

Il
Juy

where U;,V;,1 <i<2n are vector fields on
R2"*1 (Olszak, 2013). Let consider a submanifold
of R? defined by
M = X(u,v, k1,5, w,t)
= (u,0,k,s,v,], cos w,sin w, t).
Then we have a local frame of TM by

0 0 0 0
o T ay S ey Ty o
_ 0 0 0
[P =smwa+coswa, e; =Z=£
and Thus from (10) we get TW = TP,W + TP,W and
e 0 L 0 NW = NP;W + NP,W.
L 7ok, 2T Oy, By wusing (5), (6) and (14) and several

from a basis of T*M. We determine D° =
Sp{es, e;}, D' = Sp{es, e4} and D* = Sp{es, e} .
Thus we get TM=D° @ D' @ D" and M is a
skew semi invariant submanifold of R®.

Now, let M™ be an skew semi invariant
submanifold of para Kenmotsu manifold M. The
projection morphisms of TM to the distributions
DY, D! and D* are denoted respectively by Py, P,
and P,. Then for each W € T'(TM) we have

W = P,W + P,W + P,W + n(W)E.

computations we obtaion following propositions.
Proposition 3 On M for Y € I'(TM) we have

g(PoW,Y) = g(W, P,Y), forany W,Y € I'(D?)
(15)

g(P,W,Y) = g(W,P,Y), foranyW,Y € I'(D!)
(16)

g(P,W,Y) = g(W,R,Y), forany W,Y € I'(D")

(14) (17)
g(PW,Y) = g(W,PY), foranyW,Y € ['(TM),i # jand}i,j € {0,1,2} (18)
Vwé = P,W, h(W,§) =0 forany W € T(D°) (19)
VwE =0, h(W,§) = P,W forany W € I'(D") (20)

Vwé = @TP,W, h(W, &) = @NP,W for any W € I'(D*)

(21)
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Theorem 2 Let M"™ be skew semi invariant
submanifold of para Kenmotsu manifold M. The
distrbution D is not integrable.
Proof For all W,Y e I'(D°) and from equation
(19)

=—g(Y, Vw?) + g(W, Vy§)

= g(Y, PW) — g(W, B, Y)

= 2g(W, B,Y).
Thus D is integrable if and only if g(W,P,Y) =
0. From (15) the proof is completed.
Theorem 3 Let M™ be skew semi invariant
submanifold of para Kenmotsu manifold M. The
distribution D! is always integrable.
Proof for all W,Y € I'(D? ), from (20)
Proof Forall W,Y e T(D° @ &})
o([W,Y]) = VWY — @VyW

= VwoY — (Vw@)Y — Vy@W — (Vy@)W

—g(W, Vy%) + (Y, Vw&) = 0.
Theorem 4 Let M™ be skew semi invariant
submanifold of para Kenmotsu manifold M. The
distribution D* is always integrable.
Proof For all W,Y € I'(D* ), from equation (21)
g(IW,Y],®) = —g(Y, Vw&) + (W, VyE)
= —g(Y, TP,W) + g(W, @TP,Y)
= g(¢PR,Y, TR,W) — g(@P,W, TP,Y)
= g(TP,Y, TP,W) — g(TP,W, TR,Y)
= 0.
Theorem 5 Let M be skew semi invariant
submanifold of para Kenmotsu manifold M. The
distrbution D° @ {&} is always integrable if and
only if h(W, ¢Y) = h(Y, @W).

= VweY — h(W, 0Y) — g(eW,Y)§ — (V)W
+Vy@W — h(Y, @W) — g(@Y, W)§ — n(W) Y.

Then we give [W,Y] € T(D° @ &} ) if and only if
h(W, @Y) = h(Y, W), where @([W,Y]) shows
the component of VyY from ortogonal
complementary distribution of D° @ {&} in M.
Corollary 2 Let M be skew semi invariant
submanifold of para Kenmotsu manifold M. The
distribution D! € {&} is always integrable if and
only if ApyW = A,wY.
Theorem 6 Let M be skew semi invariant
submanifold of para Kenmotsu manifold M. The
distribution D® € D! is not integrable.
Proof For all W,Y € I'(D° @ D')
g([W,Y],8) = —g(Y, Vw?®) + g(W, VyE)

= g(Y,PyW + P,W) — g(W,P,Y +
P,Y)

= 2g(Y, P,W) — 2g(W, P,Y).

c+3
R(W,Y,U,V) = 7 (8(Y, )g(W,V) — g(W,U)g(Y,V))

Thus D° @ D! is integrable if and only if
g(Y,PyW) = g(W,P,Y). From (18) the proof is
completed.

Corollary 3 Let M be skew semi invariant
submanifold of para Kenmotsu manifold M. The
distribution D°@ D" and D'@ D" is not
integrable.

5. Skew Invariant Submanifolds of Para
Kenmotsu Space Form

One of the special classes of contact manifolds is
contact space form which has constant
¢ —sectional curvature. In this section we study
on skew semi invariant submanifolds of para
Kenmotsu space forms. The Riemannian
curvature of a submanifold of para Kenmotsu
space form M is given by

+ 2 (8(Y, oU)g(@W, V) — g(W, oU)g(eY, V) — 28(W, 9Y)g(6U, V)
+g(W, Un(Y)n(V) — g(Y, Un(W)n(V) + g(Y, V)n(W)n(U)
—g(W, V)n(Y)n(U)) + g(h(W, U), h(Y,V)) — g(h(Y, U), h(W, V). (22)

for all W,Y,U,VeT(TM), where c is constant
¢ —sectional curvature of M. Now, we define a
local field of orthonormal frames

{e1, -\ €2ps €2p+1s -1 €290 €2q+1s -+ €210 €yr41} ON
skew semi invariant submanifold M. Then we
have

D° = sp{ey, ...,ezp}, D! =sp{esps1,r€2q), D? = sp{ezqi1, - €21 €2r41 )

& = sp{ezr+1}
where dimD® = 2p,dimD?! = 2q and dimD? =
2r.

Corollary 4 For a skew semi invariant
submanifold of para Kenmotsu space form we
have
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c+3

-1
+ 2= (B, 9U)g(OW, V) — g(W, oU)g(9Y, V) — 2g(W, ¢¥)g(9U, V)
+g(h(W, U),h(W,V)) — g(h(Y, U),h(W,V))

for all W,Y, U, Vel (D?). Theorem 7 Let M be skew semi invariant
submanifold of para Kenmotsu space form M and
D! be totally geodesic. Then M is flat if and only

ifc=-3.

Proof For all Wel'(D?), from n(W) = 0. Using
(22), the desired equality is obtained.

Proof For all W, Y, U, Vel'(D') from (22) we have

c+3
R(W,Y,U,V) = ——(g(Y, U)g(W, V) — g(W, 1)g(¥, V) + g(h(W, U, h(Y, V) — g(h(¥, U), h(W, V).
Since D1 be totally geodesic then h = 0 and so

c+3
R(W,Y, U, V) = —— (g(¥, U)g(W, V) — g(W, D)g(¥, V).

Thus M is flat if and only if ¢ = —3.

Theorem 8 Let M be a skew semi invariant
submanifold of para Kenmotsu space form M. If
M is totally geodesic, then it is n-Einstein.

Proof Let M be totally geodesic skew semi
invariant submanifold of para Kenmotsu space
form M. For all W,Y € I'(TM) by using (22) the
Ricci tensor is

2p 2q 2r
S(W,Y) = Z R(W,E; E;, Y) + Z R(W,E; E;,Y) + R(W, E, E, Y) + R(W, EEY)
i=1

j=2p+1 k=2q+1

2p
3 -1
T p- -3 g + 2 &(hOW V(8 )~ 6(h(E 1), bW E)

+57% 018 (hW, ), h(E; E;)) — g (h(E;, Y), h(W, E;) )3

2r
> (g(hw, ), h(E E)
k=2q+1
—g(h(Ex, Y),h(W,E))} + g(W, Y) = n(W)n(Y).

c+3 c—1
+<T(2r— 1 —3Tu2>g(Y,U)+

thus since h = 0 we get
SW,Y) = (22 (2p +2q +2r— 3) - 352 (2 + 2) + 1) g(W, Y) —n(W)n(¥).

4
Corollary 5 Let M be an skew semi invariant submanifold of para Kenmotsu space form M. Then the scalar
curvature T of M is given by

c+3 c—1
T= (T(2p+2q+2r—3)—3T(2+c0526)+1)(2p+2q+2r+1)—1
1
IH|[? + [|h||%.

(2p+2q+2r+1)2
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1. Introduction

In past, optimization problems were handled by
researchers using large variety of algorithms
(Sama et al., 2016; Ulker, 2017; 2017, Simsek and
Simsek, 2017). Solving a complex optimization
problem is quite challenging, since there are more
than one design variables. Moreover, the
algorithm generally focuses on finding the global
optimum point, but it may be trapped into one of
the local optimum points of given problems.
Therefore, classical methods may not be efficient
by alone for solving complex optimization
problems.

Also, as it is known from No Free Lunch theorem,
some optimization algorithms are quite effective
for solving some problems, while ineffective for
other problems or in other words there is no
optimization algorithm that is able to to solve all
kinds of problems (Wolpert and William, 1997).
Instead of proposing new optimization methods,
by using the advantages of previously introduced
and proved to be effective ones can be used in the
process of optimization.

Among the large variety of algorithms; DE and
HS have the significant performance for solving
complex problems from different areas (Qui et al.,
2016; Kukkonen and Carlos, 2017). DE has

distinctive  attributes which provide some
advantages in optimization with respect to
classical methods. DE wuses mutation and

crossover operations to generate a new vector by
using the existing ones. It uses crossover rate
(CR) and differential weight (F) as main control
parameters to avoid from local optima and to
explore better areas in the search space (Qui et al.,
2016). Additionally, HS algorithm can produce
noticeable results by using its advantages. It
optimizes a problem by generating a new vector
which is derived from existing ones with its
control parameters. The algorithm has an easy
implementation with less number of steps.
Besides the remarkable advantages of DE and HS,
it is studied that both of the algorithms have high
parameter dependency (Tvrdik, 2006; Chen et al.,
2012; Gao et al., 2015; Chellaswamy et al., 2016;
Qui et al., 2016; Wang et al., 2016; Roy et al.,
2016). DE and HS need to optimize their control
parameters for every problem to be handled. The
algorithms DE and HS are designed in a way that
a balance between exploration and exploitation
characteristics is attained by applying the best
combinations of their control parameters. It is
seen that main control parameters effect the
performance of the algorithms by controlling
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exploration and exploitation abilities. Therefore,
there is a direct link between the selection of
control parameters and the convergence rate of an
algorithm. In this paper, DE and HS algorithms
are hybridized to solve complex optimization
problems by minimizing the disadvantages which
are caused by control parameters tuning. In order
to observe the improvement on the performance
of the hybridized DE/HS algorithm (DES), it is
compared with the original algorithms that is
derived from. The experimental analysis is done
by performing some complex benchmark
functions.

The rest of the paper is organized as follows;
section 2 shows the hybrid algorithm DES with its
main steps. Section 3 describes some of the
complex optimization tasks and the experimental
results achieved. Lastly, section 4 gives the
concluding remarks of this paper.

2. Hybrid DE/HS Algorithm (DES)

DE algorithm is known as a metaheuristic
algorithm (Storn and Price, 1997) which tries to
optimize the given problem in a large search space
by avoiding local optimum points. It mainly
considers two control parameters differential
weight (F) and crossover rate (CR) which have
great influence on the performance of DE. HS
algorithm simply mimics the process of
composers, when they compose a melody in a
harmony. It produces a new solution vector after
considering present vectors. This feature helps HS
to obtain the optimum solution at a reasonable
time. However, likewise DE algorithm, HS
algorithm needs to perform fine tuning of its
control parameters (Geem et al., 2001; Wang et
al., 2013). The performance of HS generally relies
on its main control parameters which are pitch
adjusting rate (par), fretwidth (fw) and harmony
memory considering rate (HMCR).

Based on the facts above, it can be said that both
of the algorithms can produce remarkable results,
if their control parameters are optimized for each
task. However, finding the best combination
values of control parameters for each task is not a
time efficient process. Therefore, the control
parameters are optimized in the given intervals
defined in the literature.

In order to have their great potentials in solving
problems, both of the algorithms are merged
without any modifications on their main steps in
hybrid algorithm DES. Additionally, the
algorithm uses an equal random selection process
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to select the steps of DE an HS. Therefore, neither
DE nor HS algorithm manipulate the process of
optimization by alone. There are similar methods
of hybridization which considers DE and HS
algorithms in literature (Chakraborty et al., 2009;
Wang et al., 2009), but DES algorithm can be
distinguished from the others as giving an equal
chance to the main steps of the algorithms without
any modifications and as randomizing main
control parameters of the algorithms. It is aimed
to have a hybrid DES algorithm which is not
sensitive to the set of control parameters with
good convergence rate. The main steps of
hybridized DES algorithm are shown in Figure 1.

Selection of DE part in DES algorithm relies on 3
main functions:
Vi=X,+FXp +X¢) @

X = {selection from candidate population,
ij =

where r; is a random number between (0-1) and
HMCR is a control parameter of HS in the interval
[0-1].

X; +rand * fw, if r, <par

if

randomly generation of a candidate,

where V; is the mutant vector and a, b and ¢ are
the distinct members in the population. F is a
control parameter for DE in the interval [0-2].

{Xi]- Otherwise

Uij = (2

where Uj; is the trial vector which is generated by
crossover of Xj; and Vj. r; is a uniformly
distributed random number for each member in
the population and CR is a control parameter for
DE in the interval [0-1].

Up if f(U) < fX)

X; Otherwise

Xij = { 3)
where Xj; is the member which will survive for the
next generation.

Selection of HS part in DES algorithm depends on
2 main functions:

r, < HMCR
Otherwise

(4)

where r, is a random number between (0-1) and
fw and par are the control parameters of HS in the
intervals 0.01*range and [0-1], respectively.

X = . 5
Y X;, Otherwise ()
for i=0 to population size do ]&
WV
I Generate initial population |
1
| Calculate fitness value |
I
False
Is selPar<selVal?
Selection of DE ' Selection of HS I
| Apply core steps of DE | Apply core steps of HS
Y

Find new candidate among the candidates
and replace with the worst candidate.

Find new candidate among the candidates
and replace with the worst candidate.

True

Terminate the
algorithm

st

criterion

Is
opping

met?

False

Figure 1. Main steps of hybrid DES algorithm.
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The algorithm starts by initializing the population
X by generating random values in the search
space. Then, the selection process performed
among the core steps of DE and HS algorithms.
The hybrid DES algorithm gives an equal
probability of selecting the steps of DE and HS. In
the selection step, DES algorithm uses two
selection parameters; selPar and selVal. The
randomized paradigm is again considered for
these control parameters. selPar and selVal are
randomized in the range [0-1]. The performance
of the algorithm relies on the frequency of use of
the algorithms DE and HS. However, in this
experiment the same chance of use is given to
both of the algorithms. According to the selection
done, the population is updated either by DE or
HS at a time. Both of the algorithms uses their
control parameters to obtain the global optimum
value by avoiding local optimum points. The fine-

Table 1. Information of test problems.

tuning of these parameters is eliminated by
assigning random values in predefined ranges.
The algorithm repeats its steps until the stopping
criterion is satisfied. At the end, the algorithm
returns the optimal solution with a corresponding
function value.

3. Experimental Results and Discussions

The hybridized algorithm DES and its originals
DE and HS are compared by using some
optimization problems taken from literature
(Mahdavi et al., 2007). The optimization problems
are selected in a way that they have multiple
constraints and unknowns which show the
effectiveness of the selected algorithms. The
optimization  problems selected for this
experiment and the known optimum values are
shown in Table 1 (Mahdavi et al., 2007).

Problem description Problem formulation \?;;S?um
f(x) =0.6224x,x3%, + 1.7781x,x5°2
+ 3.1661x,%x,
+ 19.84x,%x3
g1(x) = —x; +0.0193x3 < 0,
Pressure Vessel Design 92(x) = —x; + 0.00954x3 < 0, 5849.76169
g3(x) = —mx3%x, — §nx33
+ 1296000 < 0,
ga(x) = x, — 240 < 0.
f() = (" +x, = 11)?
+ (x1 + x22 - 7)2
g1(x) = 4.84 — (x; — 0.005)?
Constrained function V —(x, —2.5)2>0, 13.590841
g2(x) = x;% + (x, — 2.5)2 — 4.84 > 0,
OSX1S6, 0Sx256
1 2 2 2
£ = exp{z (1a? + %2 — 257}
Unconstrained function | + sin*(4x; — 3x5,) 1.0000

1
+ E(le + xz - 10)

For all of the algorithms in this experiment, the
random values are assigned to the control
parameters between the predefined intervals in
each iteration found in the literature. The
population size and dimension are fixed to 100
and 50. The maximum number of iterations is
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selected as a stopping criterion and is assigned to
500,000 for each algorithm. The results are
tabulated in Table 2 which are averaged over 30
trials.
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Table 2. A comparative table obtained by DES and its originals.

Problem description DES DE HS
Pressure Vessel Design  5997.7542  6112.1128  6349.3427
Constrained function V. 13.590843  13.591062  13.590950
Unconstrained function |  1.000 0.99998 0.99997

For the first problem, it is aimed to minimize the
objective function by considering four design
variables; X1, X, X3 and X4, four constraints; g;(x),
02(x), gs(X) and g4(x). Due to the complexity of
this test function, the results obtained by the
originals are slightly far from the global optimum
value. However, using the advantages of originals
together in DES provides better result. According
to the best f(x) value; the values for x [0.8036,
0.3972, 41.6392, 182.4120] and the g(x) values
[3.65E-05, 3.79E-05, -1.5914, -57.5879] are
obtained.

For the second problem, the objective function is
needed to be minimized with two design
variables; x; and x,, two constraints; g;(x) and
g2(x), and also four boundary conditions. The
problem can be stated as complex because of the
presence of constraints. According to the best f(x)
value; the values for x [2.25, 2.38] and the g(x)
values [0.00, 0.22] are obtained. All of the
algorithms approached to the optimum value of
the given problem, but it is seen that the hybrid
algorithm DES has more precise value of
objective function than the others.

For the third problem, the objective function has
two design variables x; and x, without any
constraints. The original algorithms DE and HS
find the global optimum value of given problem,
but in terms of accuracy DES algorithm provides
a better solution than the originals. According to
the best f(x) value; the values for x [3.00, 3.99] are
obtained.

4. Conclusions

The paper has presented a hybridized version of
DE and HS algorithms which has an advantage
over the originals in terms of solution quality. The
control parameters have strong impacts on the
performance of the algorithms. In hybridized
algorithm DES, it is aimed to reduce undesirable
effects that are directly related to the selecting or
tuning the control parameters. On the other hand,
DES does not underestimate the positive effects of
control parameters in terms of exploration and
exploitation characteristics of an algorithm.
Therefore, the control parameters are not
neglected both in the originals and their hybrid
version DES. The hybrid algorithm DES can be
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differentiated from the other hybridization
techniques by randomizing control parameters and
by giving an equal chance to the originals in
merging process without altering them.

The original algorithms and hybrid DES algorithm
are compared for some test functions. DES
algorithm achieves efficient results as well as its
originals in finding global optimum by using its
main control parameters. However, in terms of
solution quality the results by DES are more
efficient and accurate for the selected test
functions. As a future work, different probability
values of selecting original algorithms can be
studied and the effects can be obtained on the
performance of DES.
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1. KAPSAM ve GENEL BILGI

Glumishane Universitesi Fen Bilimleri Enstitiisii Dergisi (GUFBED), Gumiigshane Universitesi Fen
Bilimleri Enstitisi’nin yayin organidir. Dergi kapsaminda butin Fen, Teknoloji, MUhendislik,
Tarim ve Mimarlik Alanlarinda daha 6nce bagka yerlerde yayinlanmamis, 6zgin, arastirma
makaleleri, derlemeler ve editére mektuplar yayinlanir (Anket c¢alismalan dergimizin konu
kapsamina uygun degildir). Dergi bilimsel ve hakemli bir dergi olup, Ocak ve Temmuz aylarinda
olmak Uzere yilda iki kez ¢gevrimici ortamda yayimlanir.

Derginin amaci arastirma ve gelistirme faaliyetlerinin bilimsel yayina dénusturtlmesi, ulusal ve
uluslararasi indekslere girerek evrensel bilime katki saglamaktir.

2. YAYIN DiLi ve ANLATIM

Dergide yayinlanacak tum yazilar igin yayin dili 2018'den itibaren olmak Uzere Turkge ve
Ingilizce'dir. Anahtar kelimeler alfabetik siralamaya uygun olarak verilir. Ingilizce anahtar
kelimeler (Keywords) ise yine bu siralama dikkate alinarak yazilir.

Makale igerisinde yazar tarafindan gergeklestiriien galismalara yonelik (Deneysel galismalar,
analizler vb) anlatimlarda ligiincii sahis kullaniimaya 6zen gosterilmelidir.

3. ELEKTRONiIK ORTAMDA BASVURU

Dergi ile ilgili tiim yazigmalarda DergiPark tarafindan saglanan araylz
kullanilmalidir. Dergi yazim kurallarina uygun olarak hazirlanmis makaleler, basili kopyaya
gerek olmaksizin, Ulakbim Dergipark Uzerinden http://dergipark.ulakbim.gov.tr/gumusfenbil adresi
kullanilarak génderilmelidir. Dergiye makale géndermek isteyen yazarlarin yazim kurallari ile
birlikte "Gonderi Kontrol Listesi"ndeki her maddeyi de kontrol etmeleri gerekmektedir.
Makaledeki bilgilerin dogrulugunun sorumlulugu yazar(lar)a aittir.

Yayinlanacak makalelerde, arastirma ve yayin etigine uygunluk esastir. "Makale Génderimi ve
Telif Hakki Devir Formu" doldurulup bitlin yazarlar tarafindan imzalanmalidir. Yayin ile ilgili
islemler bu formun tesliminden sonra baslar. Bu formun farkh kopyalari baska sehirlerde yasayan
yazar(lar) tarafindan ayri ayri imzalanip génderilebilir.

Hayvanlarin veya zararli maddelerin kullanildigi arastirmalarda “Etik Kurul izin Belgesi’nin
makaleye eklenmesi gerekir. insanlarin denek olarak kullanildigi arastirma sonuglarini igeren
makalelerde yazar(lar), “insan denemeleri Uzerinde yetkili kurul” etik standartlarina ve gbézden
gegcirilmis Helsinki bildirgesi 1983’e uygunlugunu belgelemeleri gerekir.

4. DEGERLENDIRME SURECI

Giumushane Universitesi Fen Bilimleri Enstitiisii Dergisi'ne iletilen yazilar dncelikle dergi bas
editérintin ydnlendirecedi bolim editérd  tarafindan konu bagligi ve anahtar kelimelere
dayanilarak bigimsel agidan degerlendirilir. Bu 6n kontrol asamasinda oncelikle intihal tespit
yazilimlari kullanilarak benzerlik raporlari olusturulur. Aday yayinin benzerlik raporu toplamda
%30, tek bir kaynaktan ise %5 oranindan fazla olmamalidir. Daha sonra incelenecek yayinin
dergi formatina uygun olup olmadigina karar verilir. “Makale Goénderimi ve Telif Hakki Devir
Formu” olmayan veya eksik olan aday yayinlar ile benzerlik orani sinirlarini asan aday yayinlar
on incelemeye alinmaz. Dergi yazim kurallarina uygun hazirlanmayan makaleler duzeltiimek
Uzere yazara geri gonderilir.

Formata uygun olarak hazirlanan yazilar dergi bas editoéri tarafindan inceleme sirecinin
gerceklestiriimesi icin ilgili bolum editdrine yonlendirilir.


http://dergipark.gov.tr/gumusfenbil

Bolum editori bilimsel igerik bakimindan degerlendiriimek Uzere aday yayini, konusuna uygun
olarak en az ug¢ hakeme yonlendirir. Hakem sec¢iminde dncelikle konu ile ilgili dergi yayin danisma
kurulu Uyelerinden ya da alaninda uzman bagka bir bilim insanindan yararlanihr. Hakemler
degerlendirmeleri sonucunda, uygun, dizeltilerek yayinlanabilir, dizeltildikten sonra tekrar
gOérmek isterim, istedigim dizeltmelerin kontrolini derginin uzman bilimsel ekibi tarafindan
yapilmasi uygundur veya yayinlanamaz seklinde kararlari verebilirler.

Dizeltme istenen yazilarla ilgili olarak yazar gerekli dizeltmeleri yapar. Ayrica katilmadigi
hususlarla ilgili olarak gerekgeli yazisini dergiye génderir.

Hakem kurulu tarafindan farkl tirde degerlendirilen yazilar icin bolim editéri kendi gorisini de
ekleyerek degerlendirmenin sonuglandiriimasi igin bas editore iletir. Dederlendirmede son karar
bas editére aittir. Bas editdr gerekli goriirse yeni bir hakem tayin eder veya yazi ile ilgili kararini
sonuglandirir.

Tdm degerlendirmeler sonucunda kabul ya da red karari gerekcgeleri ile birlikte DergiPark
Uzerinden yazismadan sorumlu yazara iletilir.

Degerlendirme sonucu kabul edilen makaleler dergi sekreteryasi tarafindan esasa bagl kalinarak
yayina uygun formata dondstiralir.

Dergide yayimlanan makaleler baska hig¢ bir yerde yayimlanamaz veya bildiri olarak sunulamaz.
Kismen veya tamamen yayimlanan makaleler kaynak gosterilmeden higbir yerde kullanilamaz.
Dergiye gonderilen makalelerin igerikleri 6zgiin, daha 6nce herhangi bir yerde yayimlanmamis
veya yayimlanmak Uzere gdnderilmemis olmalidir. De@erlendirmeye sunulacak galismalarin bir
baska dergiye génderiimedidi veya basiimadigi 6n yazi ile belirtiimelidir.

Makale basim igin kabul edilmezse “Makale Génderimi ve Telif Hakki Devir Formu” nun yasal bir
Onemi kalmaz ve hikimsuz olarak kabul edilir. Bu Form’un imzalanmasi ile yazarlar, makalenin
“GUMUSHANE UNIVERSITESI FEN BILIMLERI ENSTITUSU DERGISI” dergisi ve web
sayfasinda yayinlamasina ilaveten makalenin tamami veya bir kisminin yasal olarak ¢ogaltiimasi
ve dagitilmasi hakkini Gimushane Universitesi Fen Bilimleri Enstitiisi’'ne devrederek, kendi
haklarindan feragat etmektedirler.

5. MAKALE TURLERI

Dergide yayinlanan farkli yayin formatlari ile ilgili bilgiler ve yazi tiirlerine gére yazarlarin
dikkat etmeleri gereken hususlar su sekildedir:

5.1 Arastirma Makaleleri: Tlrkce Baslik, ingilizce Baslik, Yazarlar, Adresler, Tirkce Oz, Tiirkce
Anahtar Kelimeler, ingilizce Oz, ingilizce Anahtar Kelimeler, Girig, Amag, Gere¢ ve Yontem,
Bulgular, Tartisma ve Sonuglar, gerekli ise Etik konular, Katki Belirtme ve Tesekkur, Kaynaklar,
Sekil ve Tablolarla ilgili acgiklamalar igermelidir. Makale konunun uzmanlar tarafindan
tekrarlanabilecek sekilde yeterli bilgiyi icermelidir. Bu tiir makalelerde ana metin 3500-4000
kelime arasi olmali, kaynak sayisi 40’1t agmamalhdir.

5.2 Derlemeler: Yazar(lar)in uzmanlik alaninda yapilmis eski arastirmalarin derlenip elestirel bir
sekilde yorumlanip ortaya yeni bir gorls ileri stren g¢alismalari kapsamalidir. Bu tiir makale
oneren yazar(lar)in en az 10 SCI-Expanded makalesi bulunmali ve bunlarin en az 5 tanesi
derleme yaptigi alanda olmalidir. Derlemeler, Tirkge Baslik, ingilizce Baslik, Yazarlar,
Adresler, Turkge Oz, Tirkge Anahtar Kelimeler, ingilizce Oz, ingilizce Anahtar Kelimeler, Giris,
Ana Bolumler, Alt Bélimler, Sonug, Katki Belirtme ve Tesekkir, Kaynaklar, Sekil ve Tablolarla
ilgili aciklamalar icermelidir. Ana metin en fazla 5000 kelime olup kaynak sayisinda bir
kisitlama yoktur.

5.3 Editore Mektup: Dergide yayinlanmis makaleler hakkinda veya ilgili diger konularda soru
sormak, gorusg bildirmek isteyenlerin yazilari bu tirde degerlendirilir. Bu tur yazilarda kapsam ve
etik kavramlar g6z 6niinde bulundurulur. Ana metin en fazla 1000 kelime olup kaynak sayisi
10’u gegmemelidir.




6. MAKALENIN HAZIRLANMASI

*Sayfa boyutu, sayisi ve kenar bosluklari: A4 formatinda, en fazla 15 sayfa olmalidir. Tim
kenarlardan 2 cm bosluk birakilmalidir.

*Sayfa numaralari: Sayfa numaralari sayfa altinda ve ortada verilmelidir. Sayfa numarasi Times
New Roman yazi tipinde ve 11 punto olmalidir.

*Satir numaralan: Satir numaralari makalenin ilk sayfasindan itibaren baglayarak ve “sirekli”
olarak numaralandiriimalidir (her sayfada yeniden baslat ve/veya her bolimde yeniden baslat
Ozellikleri kullanilmamalidir).

«Satir bosluklari: Bitln satir bosluklari Times New Roman karakterinde ve 11 punto olmalidir.

* Gévde Metni: Ana metin “Times New Roman” karakterinde “11 punto” ile “iki yana yasli” ve
anahtar dizeyi “gdvde metni” olarak ayarlanmali, sag ve sol satir girintisi olmamali, metinden
Onceki ve sonraki aralik degerleri Onk olmali ve satir aralik degeri tek (1) olarak yazilmalidir.
Noktalama isaretlerinden (nokta, virgul, noktali virgll vb.) sonra bir karakter bosluk birakiimalidir.
Her paragraf arasinda bir satir bosluk birakilimali, paragraf baslarinda igcerden baslanmamalidir
(ilk satir girintisi veya Tab tusu kullaniimamalidir).

+ Makale bashgi (Tiirkge ve ingilizce): Sayfa basindan 1 satir bosluk birakildiktan sonra, Tiirkge
baslik Times New Roman, 14 punto, koyu, tek satir aralikli ve ortali olarak yazilmalidir. Turkge
baglktan sonra 1 satir bosluk birakilmaldir. Daha sonra ingilizce baglk Times New Roman, 13
punto, italik, tek satir aralikli ve ortali olarak yazilmaldir. Bagliklarda yer alan her kelimenin ilk
harfi blylk olacak sekilde yazilmali, otomatik baslik stilleri kullanilmamaldir.

* Yazar adi veya adlari: ingilizce bagliktan sonra 2 satir bosluk birakilarak, unvan belirtiimeden,
Adin ilk harfi bluylk olacak sekilde tim harfleri ve soyadin tamami buyidk harfle yazilmalidir.
Birden fazla yazarlarda aralarina virgul konularak, Times New Roman, 11 punto, kalin ve sayfaya
ortalanarak yazilmaldir. Sorumlu yazar isminde Ust simge yildiz semboll olmalidir.

* Yazarin/larin adresi/leri ve ORCID bilgisi: Yazar adinin hemen altina bosluk birakiimadan,
Times New Roman, 10 punto ve italik olarak yazilmalidir. Adresleri ayni olan yazarlar igin tek
adres, farkli yazar adresleri alt alta bosluk birakiimadan yazilmalidir. Yayinda yer alan tim
yazarlarin ORCID bilgileri mutlaka verilmelidir.

« lletigim yazarinin bilgileri: Unvansiz Ad soyad, e-mail adresi, telefon numarasi (Tel: (xxx) xxx
XX XX.) aralarina virgul konularak 1. sayfanin altina dipnot olarak, (*) semboll ile belirtiimelidir,
Times New Roman, 10 punto ile yaziimahdir.

» Tiirkge Oz: Adres/ler den 2 satir bosluk birakildiktan sonra, Oz kelimesi Times New Roman
yazi karakterinde, 11 punto, koyu ve sola dayali olarak yazilmaldir. Ozetin gévde metni
ise Times New Roman yaz karakterinde, 11 punto, iki yana yasli, tek satir aralikli ve girinti
olmadan yazilmalidir. Ozet metninin 250 kelimeyi gegmemesine 6zen gésteriimelidir. Oz bashig
ile 6zetin gbvde metni arasinda bosluk birakilmamalidir.

«Ingilizce Oz (Abstract): Tirkge anahtar kelimelerin altna 2  satir  bosluk
birakilarak, Abstract, kelimesi Times New Roman yazi karakterinde, 11 punto, koyu, italik, tek
satir aralikl ve sola dayali olarak yazilmalidir. Abstract gévde metni Times New Roman yazi
karakterinde, 11 punto, tek satir aralikli ve italik olarak yazilmalidir. Abstract metninin 250
kelimeyi gecmemesine 6zen gdsterilmelidir. Abstract kelimesi ile abstract metni arasinda bosluk
birakilmamalidir.

* Anahtar kelimeler / Keywords: “Anahtar kelimeler” Tirkge 06zetin altina bir satir bogluk
birakilarak Times New Roman, 11 punto ve tek satir aralikh yaziimalidir. En az 3 en fazla 6 adet
anahtar kelime verilmeli, “Anahtar kelimeler” yazisi koyu, verilen diger kelimeler ise koyu
olmadan yazilmalidir. Her kelimenin ilk harfi blyUk ve aralarina virgul konularak verilmeli ve
alfabetik siralamaya uygun olarak siralanmaldir. “Keywords” kelimesi ingilizce dzetin altina bir
satir bosluk birakilarak Times New Roman, 11 punto, tek satir aralikli, italik ve koyu yazilmalidir.



ingilizce anahtar kelimeler (Keywords), Tirkge anahtar kelimelerde verilen siralama dikkate
alinarak yazilmali, kelimeler koyu olmamalidir.

* Ana basliklar: Ana Basliklar sirasiyla numaralandinimahdir (1. Girig 2. Amag, Gere¢ ve
Yontem gibi). Tiim basliklar sola dayali Times New Roman, 11 punto koyu ve her kelimenin ilk
harfi blaylk yaziimalidir. Ana basliklardan 6nce ve sonra 1 satir bosluk birakiimahdir. Alt
bagliklar, ana baslik numarasina uygun olarak numaralandiriimalidir. Tiim alt basliklar sola
dayali Times New Roman, 11 punto, koyu ve italik olarak her kelimenin ilk harfi blylk olacak
sekilde yazimalidir (2.1. Malzeme 2.2. Deney Numunelerinin Hazirlanmasi, gibi). Alt
basliklardan 6nce ve sonra tek satir bosluk birakilmalidir. Bagliklari yazarken otomatik baslk stili,
madde isaretleri, cok diizeyli liste gibi bigimler kullaniimamali, diiz metin seklinde yaziimalidir.

* Sekiller, Resimler ve Fotograflar: Sayfa sinirlarini asmayacak sekilde ortalanarak, net ve
okunakli olmalidir. Sira ile numaralandiriimalidir. Sekil no ve adlari seklin altinda seklin sol alt
kenarina yaslanarak ve sadece ilk kelimenin ilk harfi biylk olarak verilmelidir. Sekiller ya bir gizim
programi ile ¢izilmis olmali ya da en az 300 dpi ¢dzinuUrlikte taranmis olmalidir. Sekil olarak
gOsterilen grafik, resim ve metin kutularinda yer alan yazi ve sayilarin buyUkligiu makale iginde
Times New Roman karakteri ile yazilmis 9 punto boyutundaki bir yazinin buyudkliginden az
olmamalidir. Sekilden dnce, sekil adindan énce ve sonra birer satir bosluk birakilmalidir. Sekiller
metin igine yerlestirilirken mutlaka sekilden 6nce atifta bulunulmalidir. $ekil yazilarinda
(metin icerisinde ve ilgili sekillerin altinda) otomatik sekil yazisi stili kullanilmamali, diiz
metin seklinde yazilmalidir.

* Tablolar: Sayfa sinirlarini  asmayacak sekilde ortalanarak konulmahdir. Sira ile
numaralandiriimalidir. Tablo no ve adlari, tablonun sol Ustiinde tek satir bosluk ile sadece ilk
kelimenin ilk harfi blylk olacak sekilde yaziimalidir. Tablo adi yazilirken Ustte ve altta birer satir,
tablodan sonra yine bir satir bosluk birakiimalidir. Tablolara tablodan 6nce mutlaka metin
icerisinde atifta bulunulmahdir. Tablo satir ve situnlarindaki rakam ve yazilar Times New
Roman 11 punto ile yazilmaldir. Ancak zorunlu kalinan durumlarda yazi boyutu yazi sinirlarini
gecmeyecek sekilde en az 9 puntoya kadar disurulebilir. Tablo yazilarinda (metin igerisinde ve
ilgili tabloda) otomatik sekil yazisi stili kullanilmamali, diiz metin seklinde yazilmalidir.

* Denklemler: Metin igerisine yazilacak denklemler, Word yazim programindaki denklem editort
veya MathType editoérl ile sola dayall olarak yazilmali ve esitliklere saga dayali olarak parantez
icerisinde sira ile numara verilmelidir.

* Semboller: Makale gok sayida sembol igeriyor ya da makaledeki sembollerin agiklanmasi
gerekiyorsa uluslararasi standarda uygun olarak, semboller, kaynaklardan 6nce, Times New
Roman 11 punto ile italik yaziimaldir. Makalede ondalik gbsterimde nokta kullaniimali, binlikleri
ayirirken virgul kullaniimalidir.

» Kaynaklar: Kaynaklar tez igerisinde “soyadi ve tarih sistemine” goére yazilmalidir. Her kaynak
kendi orijinal dilinde verilmelidir. Kaynak eserin yaziminin bir satirdan daha uzun olmasi halinde
ikinci satir ve diger satirlar, deginilen ilk eserin yazar ilk adinin bas harfi hizasindan
baglayarak yazilmalidir (yazar soyadinin uzun olmasi durumunda ikinci satir 1 cm igeriden
baslamalidir). Takip eden kaynaklar, ilk kaynagin ikinci satir hizasindan baslamalidir. Dergi
adlar ise kisaltma yapilmadan ve alti gizili olarak yazilir. Kaynaklar asagida verilen yénergelere
gOre yazilmalidir:

1- Metin igerisindeki referanslara atifta bulunma

1.1. Cimle igerisinde atif verilen yazar ismine deginildigi durumlarda yil parantez igerisinde
yazilmahdir.

“Popdler bir calismada Harvey (1992) konu ile ilgili olarak ......
“David ve Clifford’a (2003) gore ...”
“Matthews ve Jones (1997) yapmis olduklari galismalarda ...”



1.2. Cumle icerisinde atif verilen ancak yazar ismine deginilmeyen durumlarda hem yazar ismi
hem de yil parantez igerisinde yazilmalidir. Birden ¢ok atif verilmis ise iki atif arasi noktali
virgul ile ayriimalidir.

“Daha yeni bir calisma (Stevens, 1988) gostermistir ...”

“Dogu Pontidler, ‘Kuzey Zon’ ve ‘Glney Zon’ olmak Uzere iki bolime ayrilarak
tanimlanmistir (Ozsayar vd., 1981; Guven, 1993).”

1.3. ki ve daha fazla atif verilmis ise siralama yil temel alinarak gegmisten giiniimiize dogru
yazilmalidir.

“Eosen ve sonrasi gelismis volkanik aktiviteler sonucu meydana gelmistir (Adamia vd., 1977,
Sengor ve Yilmaz, 1981; Akinci, 1984; Arslan vd., 1997; Arslan ve Aslan, 2006; Aslan,
2010).”

1.4. Ayni yazarin birden fazla eserine atif verilmis ise, eserlerin yili dikkate alinarak gegmisten
glnimuze dogru yaziimalidir.

“Derinoba ve Kayadibi granitleri (Kaygusuz vd., 2012a,b, 2013), Ozdil Granitoyidi, Sojuksu ve
Seslikaya granitleri (Kaygusuz vd., 2013, 2016) olusturmaktadir.”

“Birkag yazar tarafindan tartisildigi gibi (Smith, 1993, 2003; Brown, 1995; Smith ve Jones,
1997; Green, 2004)...”

1.5. Metin igerisinde yazari belli olmayan internet kaynaklarina atif yapilirken, biyik harflerle
URL-sira numarasi (,), yil seklinde yaziimalidir.

Ornegin: (URL-4, 2003), (URL 1 ve 2, 2003)

1.6. Kaynaklarin yazilmasi sirasinda literatirde yaygin olarak bilinen periyodik dergilerin adlari
acik olarak yazilmalidir.

Ornegin: Mineralogy and Petrology, Journal of Geology and Mining Research, Journal of Food
Engineering, Gondwana Research.

2- Kaynaklar (Referanslar) Boliimiiniin Hazirlanmasi

2.1. Ulusal ve Uluslararasi Makaleler:

Gucer, M.A., Arslan, M., Sherlock, S. ve Heaman, L.M., 2016. Permo-Carboniferous granitoids
with Jurassic high temperature metamorphism in Central Pontides, Northern Turkey.
Mineralogy and Petrology, 110, 943-964.

Le Breton, N. ve Thompson, A.B., 1988. Fluid-absent (dehydration) melting of biotite in
metapelites in the early stages of crustal anatexis. Contributions to Mineralogy and
Petrology, 99, 226-237.

Glcer, M.A., Aydingakir, E., Ylcel, C. ve Akaryali, E., 2017. Tersiyer Yasli Altinpinar Hornblendli
Andezitlerinin (Torul-Gimushane) Petrografisi, Mineral Kimyasi ve P-T Kristallesme
Kosullari. Gimughane Universitesi Fen Bilimleri Enstitisii Dergisi. 7 (2), 236-267, doi:
10.17714/gumusfenbil.310263.

Kabul edilmis ancak sayi almamis veya baski asamasindaki makaleler:




Cimen, O., Goncluoglu, M.C., Simonetti, A. ve Sayit, K., 2017. Whole rock geochemistry, Zircon
U-Pb and Hf isotope systematics of the Cangaldag Pluton: Evidences for Middle Jurassic
Continental Arc Magmatism in the Central Pontides, Turkey. Lithos, doi:
10.1016/j.lithos.2017.06.020.

Hoffman, H.J. ve Masson, M., 1994. Archean stromatolites from Abitibi greenstone belt, Quebec,
Canada. Geological Society of America Bulletin, 106 (baskida).

2.2. Kitaplar:

Hem, J.D., 1989. Study and Interpretation of the Chemical Characteristics of Natural Waters:
USGS Professional Paper, 2254, US Gov. Print. Office, 263p.

Postel, S., 2000. Son Vaha, Su Sikintisiyla Kargi Karsiya, (¢ev: F. Sebnem Sézer), TUBITAK-
TEMA VAKFI yayinlari, ISBN 975-403-188-6, Ankara, 218s.

Twiss, R.J., ve Moores, E.M., 1992. Structural geology: New York, W.H. Freeman and Company,
532 p.

Burchfiel, B.C., Hodges, K.V. ve Royden, L.H., 1992. The South Tibetan detachment system,
Himalayan orogen: Extension contemporaneous with and parallel to shortening in a
collisional mountain belt: Geological Society of America, Special Paper, 269, 41p.

2.3. Tezler:

Dag, S., 2007. Cayeli (Rize) ve Cevresinin Istatistiksel Yontemlerle Heyelan Duyarlilik Analizi.
Doktora Tezi, Karadeniz Teknik Universitesi Fen Bilimleri Enstitiisii. Trabzon, 241s.

Tezcan, L., 1993. Karst Akifer Sistemlerinin Trityum izotopu Yardimiyla Matematiksel
Modellemesi, Doktora Tezi, Hacettepe Universitesi Fen Bilimleri Enstitisu. Ankara, 125s.

2.4. Raporlar:

Aslaner, M., 1972. Cayeli-Madenkdy Cu-Pb-Zn Aramalari Hakkinda Kisa Not, MTA Maden Etid
Rap. No. 118.

Baran, I. ve Kasparek, M., 1989. Marine Turtles of Turkey; Status Survey 1988 and
Recommendations for Conservation and Management: WWF Report, Heidelberg, 123p.

IAEA, 1992. Statistical Treatment of Data on Environmental Isotopes, Technical Reports Series
No0.331, IAEA Vienna, 781p.

Akartuna, M., 1953. Caycuma-Devrek Yenice-Kozcagiz Bolgesinin Jeolojisi Hakkinda Rapor:
MTA Rap. No. 2059 (yayimlanmamis), Ankara.

Altun, I.E., Sengijp, M., Keskin, H., Akcadren, F., Sevin, M., Deveciler, E. ve Akat, M.U., 1990.
1/100.000 Olgekli Ag¢insama Nitelikli Tirkiye Jeoloji Haritalari Serisi, Kastamonu-B17
Paftasi: MTA Gen. Mud. Jeoloji Etltleri Dairesi, Ankara.

2.5. Editorliu Kitaplar:

Zuber, A., 1986. Mathematical models for the interpretation of environmental radioisotopes in
groundwater systems. Handbook of Environmental Isotope Geochemistry. Fritz, P. and
Fontes, J.Ch. (Eds.), Elsevier, Amsterdam. pp. 1-59.

Akinci, O.T., 1984. The Eastern Pontide volcano-sedimentary belt and associated massive
sulphide deposits, in: Dixon, J.E., Robertson, A.H.F. (Eds), The Geological Evolution of the
Eastern Mediterranean: Geological Society, London, Special Publications 17(1), 415-428.



Aydin, M., Demir, O., Ozcelik, Y., Terzioglu, N. ve Satir, M., 1995. A geological revision of
Inebolu, Devrekani, Agli and Kire areas: new observations in Paleotethys-Neotethys
sedimentary successions, in: Erler, A., Ercan, T., Bingdl, E., Orcen, S. (Eds.), Geology of
the Black Sea region. MTA, Ankara, Special Publication, pp. 33-38.

Boynton, W.V., 1984. Cosmochemistry of the rare earth elements; meteorite studies, in:
Henderson, P. (Eds.), Rare earth element geochemistry. Elsevier Science Publishing Co.,
Amsterdam, pp. 63-114.

Hippolyte, J.C., Mlller, C., Kaymakgl, N., Sangu, E., 2010. Dating of the Black Sea basin: New
Nannoplankton ages from its inverted margin in the Central Pontides (Turkey), in:
Stephenson, R.A., Kaymakci, N., Sosson, M., et al. (Eds). Sedimentary basin tectonics
from the Black Sea and Caucasus to the Arabian Platform. Geological Society London
Special Publications 340, 113-136.

2.6. Bildiriler Kitabiu:

Sualti Gunleri-1999, Turkiye’de Sualti Goérlntileme, Belgeleme ve Arsivieme Calismalarinin
GuUnumuzdeki Durumu, 26-27 Subat 1999, Bildiriler Kitabi (editérler: B. Akinoglu, M.
Draman), Sualti Arastirmalari Dernegi, Ankara, 84s.

2.7. Bildiri Ozeti:

Tezcan, L., Gunay, G., Hotzl, H., Reichert, B. ve Solomon, K., 1997. Hydrogeology of the
Kirkgozler Springs, Antalya, Turkey. International Conference on Water Problems in the
Mediterranean Countries, 17-21 November 1997, Near East Technical University, Nicosia,
North Cyprus. p.76.

Bayari, C.S,, Kurttgg, T. ve Tezcan, L., 1998b. _.Kéycegiz Golu Karisim Dinamigi: Cevresel
Izotoplar ve U¢ Boyutlu Yerinde Yogunluk Olgtimleri. MTA Cumhuriyetin 75. Yildénima
Yerbilimleri ve Madencilik Kongresi Bildirileri, 2-6 Kasim 1998, Ankara, s.104-106.

Gucer, M.A. ve Aslan, Z., 2011. Evaluation of diagenesis and metamorphism relationship by
using clay mineral indices in the Yoncayolu (Uzimll, Erzincan) area. International
European Clay Conference, Antalya, Book of abstracts, s. 281.

Akaryali, E., Aydingakir, E., Atay, U., Gucer, M.A. ve Turk, E., 2015. Mass change calculation of
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Multidisciplinary Earth Sciences Symposium (WMESS), Prague, Abstracts, p. 232.
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Tarkiye, s.105-111.
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