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Abstract: Although the Failure Mode and Effects Analysis (FMEA) is a systematic method of analysis, it has some
shortcomings and limitations since it is a method based on intuitionistic and subjective statements of the person that rate the
failure modes. In order to eliminate these constraints, the use of the method in conjunction with the grey relational analysis,
which is one of the multi criteria decision making methods, helps to eliminate intuitionistic situations and prioritize the
failure modes that need corrections and precautions.

The classical FMEA and the FMEA integrated with the grey relational analysis approaches were applied, and their
effectiveness was assessed in this study to identify and prioritize the failures and determine the measures to be taken in the
wheat sieving machine production. For this purpose, first the Risk Priority Numbers (RPN) were calculated using the
classical failure mode and effects analysis, then two separate grey RPNs were calculated on the assumptions that risk factors
have either equal weight or different weight in the grey relational analysis-integrated FMEA approach, and the prioritization
of the failures was performed. Three different RPN values obtained in the study were compared, and the priority
optimizations to be made were recommended in order to prevent failures before reaching the customers as well as drawing

the necessary conclusions accordingly.

Keywords: Failure Mode and Effects Analysis; grey relational analysis; multi criteria decision making

GRi ILiSKISEL ANALizZi iLE BUTUNLESTIRILMiS HATA TURU VE ETKILERi ANALIiZi
YAKLASIMI iCiN BiR UYGULAMA

Ozet: Hata Tiirii ve Etkileri Analizi (HTEA) sistematik bir analiz yontemi de olsa hata tiirlerini degerlendiren kisilerin
siibjektif ifadelerine dayanmasi sebebiyle ayni1 zamanda sezgisel de bir yontemdir. Sezgilere dayanmasi ise uygulamada bazi
eksikliklere ve kisitlamalara yol agmaktadir. Bu problemleri ortadan kaldirabilmek igin yontemi ¢ok kriterli karar verme
yontemlerinden biri olan gri iliskisel analizi ile birlikte kullanmak, sezgisel durumlart ortadan kaldirarak 6nlem alinmasini ve

diizeltilmesi gereken hata tiirlerinin 6nceliklendirilmesini saglamaktadir.

Bu caligmada bugday eleme makinesi iiretimindeki hatalarin tespit edilerek Onceliklendirilmesi ve alinacak &nlemlerin
belirlenmesi igin klasik HTEA ve gri iliskisel analizi ile biitiinlestirilmis HTEA yaklasimlar1 uygulanarak yaklagimlarin
etkinligi degerlendirilmistir. Bunun igin ilk &nce klasik HTEA ile Risk Oncelik Sayilar1 (ROS) daha sonra ise gri iligkisel
analizi ile biitiinlestirilmis HTEA yaklasimiyla risk faktorlerinin hem esit agirhiga hem de farkli agirliklara sahip oldugu
varsayimiyla iki ayr1 gri ROS hesaplanarak hatalar 6nceliklendirilmesi yapilmistir. Calisma sonunda elde edilen ii¢ ayri
ROS degerleri karsilastirilmis ve buna gdre hatalarin miisteriye ulagmamasi igin dncelikle yapilmasi gereken iyilestirmeler

onerilmis ve gerekli degerlendirmeler yapilmustir.

Anahtar Kelimeler: Hata Tiirii ve Etkileri Analizi; gri iliskisel analizi; ¢ok kriterli karar verme
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Introduction

Before the market launch of a new product, many
problems arise in the design, pre-production planning,
production, packaging, shipping, and the customer
presentation stages. lIdentifying and resolving this
problem in the relevant processes before the product
reaches to the customer is of great importance for the
company. Some failures can be determined easily,
whereas some others cannot be detected, and remain
hidden eventually. These hidden remaining failures can
only be unearthed by monitoring and evaluating the
process intensively as well as using various quality
management techniques. The FMEA method is one of
the most effective methods used for identifying the
factors that may cause a problem in the process
regarding the product. Although the FMEA method is a
systematic method, there may be intuitive situations in
the determination and evaluation of the failures.
The integration of the method with mathematical
models will reduce the emergence of intuitive
situations (Down et al., 2008). For this purpose, both
the classical FMEA and the FMEA integrated with the
grey relational analysis approaches were applied in
three separate models in order to prioritize the failure
modes, with the assumptions that risk factors have
either equal or different weights, and the effectiveness
of three models were evaluated within the scope of
detection and prioritization of the failures that may
arise in the wheat sieving machine production, which is
in the product range of a company that produces

agricultural machinery in Turkey.

In the following second section of the study, the
FMEA method is briefly described, in the third section,
the grey relational analysis integrated with FMEA
approach is described, the application on the
company's case is performed in the fourth section, and
the conclusions are drawn in the final section in

accordance with the results obtained.

B. Kursun et al. / Trakya University Journal of Engineering Sciences, 17(2): 35-44, 2016

FMEA Method

The FMEA method was developed by the American
army, and the first procedure prepared for this purpose
is MIL-P-1629 (Military Procedure), dated November
9, 1949, titled as 'Procedures for Performing a Failure
Mode, Effects, and Criticality Analysis'. The method
was first used for the evaluation of system and
equipment failures (Gulcicek and Sofyalioglu, 2014),
then it was adapted in areas that produce safety-
critical products that contain advanced electronic and
mechanical equipment, in advanced manufacturing
systems, such as automotive and aerospace systems
(Baysal et al., 2002). In 1975, it has been implemented
the manufacture of computers and in Japanese NEC
company. It became widespread in the automobile
industry, particularly Ford in 1977 and Fiat in 1985,
and also applied by Chrysler, and General Motors as
well (Aytac, 2011).

The definition of FMEA in MIL-STD-1629A
(Procedures for Applying the Failure Mode and
Effects Analysis) published in 1980, which is one of
the first published standards on this topic, is given as
"A procedure to analyze and classify each possible
failure mode in the system according to their
significance, and determining their outcomes and
effects in the system."” Stamatis (1995) expands the
definition, and states that "FMEA is an engineering
method that aims to detect, identify, and eliminate the
known and/or potential failures, mistakes and
problems in the design, process, systems and services
before they reach the customer" (Buyuktuna, 2012;
Kadioglu, et al. 2009; Cevik and Aran, 2009).
FMEA

analytical method that is used to identify potential

According to another definition, is an

problems that may arise in the product or process

development works and is the most explicit

documentation of the information that is collected by
cross-functional teams (Down et al., 2008). FMEA
focuses on the potential failures that may occur in

order to locate and eliminate the root causes of the
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product or process before they reach the customer. It

improves the operational performance of the
production cycle, reduces the risk by performing
system analysis or collecting historical data (Scipioni
et al.,, 2002; Omdahl, 1988). Potential risks and
impacts of each failure in the plant equipment are
listed in the order of criticality on the system. In other
words, this method examines the equipment,
malfunctioning situations,
(Yucel, 2007; Dizdar and Kurt, 1996). With this

method, the likelihood of failures is reduced, to

and potential impacts

produce quality products or services that can respond
to customers’ needs and expectations (Buyuktuna,
2012). In addition, FMEA helps the competitiveness
of the company, improves company image, reduces
product development time and cost, helps in the
development of new production methods, and allows
the reduction of scrap and waste (Eryurek and Tanyas,
2003). The FMEA method is divided into the system
FMEA, design FMEA, process FMEA, and the service
FMEA classifications (Chin et al., 2008).

In FMEA, the Risk Priority Number (RPN) is
calculated first by multiplying three important factors
(Eq.1). These factors are the occurrence (O), severity

(S), and detection (D) respectively.
RPN=0xSxD (1)

The occurrence refers to the frequency of the
occurrence of the risk. The severity factor refers to the

impact if that risk happens. The detection factor is a

measure of the detectability of the risk before it occurs.

The occurrence, severity, and detection values used in
FMEA are presented in Tables 1, 2, and 3 respectively
(Wang et al., 2009).

Table 1. Crisp Ratings for Occurrence of a Failure
(Wang et al., 2009).

Rating Probability of occurrence Failure probability

10 Very high: falure 15 almost mevitable =1m2

9 13

8 High: repeated failures lm3

7 120

6 Mpoderate: oceasional failures 1m 30

3 1 n 400

4 1 2000

3 Low: relatrvely few failures 1 15.000

2 1 150.000

1 Femote: failure is unlikely <1 i 1.500.000

Table 2. Crisp Ratings for Severity of a Failure
(Wang et al., 2009).

Rating Effect Severity of effect
10 Hazardous WVery high severity ranking when a potential failure mode effects
without wammng  safe system operation without waming
Hazardous with  Very high severity ranking when a potentizl failure mode effects
waming safe system operation with waming
System moperable with destructive fzilure without compromising

=1

8§ Veryhigh safety

7  High System inoperable with equipment damage

6  Moderat System moperable with minor damage

j  Low System moperable without damage

4 Verylow System operable with significant degradation of performance
3 Minor System operzble with some degradation of performance

2 Very minor System operable with minimal mterference

1 Nome No effect

Table 3. Crisp Ratings for Detection of a Failure
(Wang et al., 2009).

Rating Detection Likelihood of detection

10 Absolute uncertamty  Design control camot deteet potential falure mode

9 Veryremote Very remote chance, the design control will detect potential fahure mode

§  Remote Remote chance, the design control will detect potential failure mode

7 Veylow Very low chanee, the design control will detect potential failure mode

6 Low Low chance,the design control will detect potential fzilure mode

5 Moderste Modetate chance, the design control will detect potential faihure mode

4 Moderately high Modetately high chance,the design control will detect potential failure mode
3 High High chancs,the design control will dtect potential falure mode

2 Veryhigh Very high chance, the desimn control wil detect potential failure mode

1 Almost certaim Design control will detect potential failure mode

The flow of the FMEA process is shown in Figure 1.

The FMEA approach integrated with the grey

relational analysis

The grey theory, which has been developed by Julong
Deng in 1982 for the first time, is widely used to solve
problems of uncertainty under missing or incomplete
information. In addition, the grey theory is a popular
method that is used in decision making in multi-
criteria cases as well as analyzing various
relationships between discrete data sets (Sofyalioglu,

2011).

The results based on the original data, simple and

easily understandable calculations, and being the best
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method for decision making are the main advantages
of this method (Wu, 2002).

Chang et al. (2001) have suggested that the grey

theory can be applied to FMEA, since the risk factors
in classical FMEA have the characteristics mentioned
above. relational is one of the

Grey analysis

subheadings of the grey theory. This analysis

B. Kursun et al. / Trakya University Journal of Engineering Sciences, 17(2): 35-44, 2016

technique is used to determine the degree of
relationship between the series of reference factors
and each factor in a grey system. Each factor is
defined as a series (rows or columns), and the degree
of effect between factors is called as the grey

relational degree (Sofyalioglu, 2011).

Collect component and process
function |nformation

modes

Determine the effects of each
failure

| Determine potentlal failure

|

—

Determine the causes of each
fallure

Find probability
ranking

List current control

Find severity
ranking

process
T

| Find detectability ranking

1

o

Calculate RPN

Correction required?

Yes

| Recommend corrective action

l

Modification data |

| Modification

F

Figure 1. The FMEA process (Pillay and Wang, 2003).

The FMEA Approach Integrated with the grey
Relational Analysis is performed with the following

steps (Chang et al., 2001):

Step 1. Determination of standard (reference) series:
target series, known as the standard series, of length k

is as follows

X=X, (D), Xp(2), ... Xy ()} )

Since small scores indicate smaller risks, standard
series are determined by taking the smallest values of

all risk factors.

Xy={X,(D), Xy (2), . X (OY={L, 1,...,1} 3)

Step 2. Determination of comparative series: m
information series related to the occurrence, severity,

and detection of the failure can be expressed as in the

following.
X={X;(1), X;,(2),...X;(k)} i=12,...m 4)

X;(k); shows the kth factor of X;. If it is possible to
compare all information series, n information series
can be defined as in the following matrix.

X X, X2 X, (k)
Xl X, X,(2) X, (k)

Step 3. Obtaining the difference between comparative
series and standard series, and calculating the
coefficient value: the difference between the decision
factor point. Standard series model is determined to
reveal the degree of fuzzy relation. All three risk
factors are compared with the standard series for each

failure series, and the relation coefficient is defined by
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the following equation;

(X0 (0., () )= e Cnec (6)

A(}j (k)+ (éuAmzLx)
Here j=1,.....m and k=1,...,n X, (k) ; standard
series. X;(k): comparative series
[|X0(0)-X; (B | @

minmin

min_bjEiWc

maxmax

A =
max- ek

PAGEAG] (®)

{ is defined as a coefficient between (0, 1) . In order
to reduce the effect of the maximum value on the
relationship coefficient, this coefficient is taken as ¢ =
0.5 usually. The purpose of this coefficient is to adjust
the difference between "A,(k)"and "A,,,". Studies
show that (' value does not affect the order obtained as

a result of the grey relational degree.

Step 4. Determination of the grey relational degree:
the grey relationship degree is a measure of the
geometric similarity between comparative series and
standard (reference) series. The degree of the
relationship indicates that there is a strong relationship

between the comparative and standard series.

If the compared two series are the same, then the grey
relationship degree is found as 1. The grey
relationship degree shows the extent of similarity

between compared and standard series.

1
(%0 X,)= 2517 (X 00.X,()) ©
n is the decision factor number.

If the weights of each criteria are given, the grey
relationship degree can be found by multiplying the
weight values of the degree significance of the
criterion and grey relationship coefficient of the
criterion.

(%)= ) 3 (s 0).X,00) W, (10)
k=1

Here W, is the weighting coefficient of the factors,

and

Z W,=1 (11
k=1

In the classical FMEA, the occurrence, severity, and
detectability of the failures cannot be assigned
appropriately to reflect the real world. The grey
approach in FMEA, however, allows engineers to
assign relative weights to the decision factors based on

research and production strategies.

Step 5. Rating the risk priorities: in decision making
problems, when the standard (reference) series is
selected as the ideal series, then the grey relationship
degree, which is calculated between the compared
series and reference series, will be an indicator of the
degree of detectability of the criteria. In other words,
the factor series with the highest grey relational degree
indicate the best alternative in decision making
2011). That is if p(X,,
X,~)2y[X(,, X; ) we can say that the relationship between

problems (Sofyalioglu,

X; and X, is greater than the relationship between X;
and X,. For FMEA, this shows the relationship
between the scores of potential causes and optimal
values of decision factors. Greater degree of
relationship indicates the lesser effect of the source of
failure. Therefore, gradually increasing the degree of
relationship shows the decrease in risk priorities of the
potential causes to be improved (Sofyalioglu, 2011;

Chang et al., 2001).
The case study

The study was conducted with the data obtained from
a company, operating in the manufacturing sector in
Turkey that produces agricultural machinery. The
wheat sieve machine, which is one of the products of
the company, is a machine having 4 sieves used to
sieve wheat. The company wants to reduce costs and
increase customer satisfaction by determining the
failures, arisen during the design and production of the
machine before they reach the customers. For this
reason, the grey relational analysis-integrated FMEA

and the classical FMEA methods that detect, prioritize



40

and allow to taking precautions were implemented to

this company.
Classical FMEA Application

In the first part of the study, the classical FMEA

approach was applied to detect, prioritize, and
eliminate failures that occur in the design and
production of the wheat sieving machine. In the first
phase of implementation, a team of 4 people was
established  with from

individuals the design,

production, quality control and marketing departments

Table 4. Results of evaluation of classical FMEA.

B. Kursun et al. / Trakya University Journal of Engineering Sciences, 17(2): 35-44, 2016

of the company in order to determine the potential
failure modes, causes, and effects of these failures.
This team has determined the potential failures, effects,
and causes of the failures given in Table 4 through
brainstorming and using cause-and effect diagrams,
and the RPN values were calculated with the help of
Eq.1.

When we examine Table 4, it is seen that the failure
numbers 1, 2, and 3 have RPN values 640, 600, and
480 respectively, indicating the priority failures that

need to addressed first.

Identifying the Design and Production Failure Modes of a Four-Sieve Wheat Sieving Machine Using
the FMEA Method

CURRENT SITUATION

@ 2
. . > Potential € Preventive =
Failure [Patential Effectof 'S Causesofthe £ Control in the 8 £
No Failure Potential Failure > ~ - 5 5
& Failure g Present Process @
o o
Inability to . .
1 Failure of suction fan performa Insufficient H'gh amounts of 10 640
. hood air pressure
complete cleaning
Frequent breakdown Inoperative Welding defects Replacement or
2 and breakage of the Pl 10 and thin pieces 6 re-weldingofthe 10 600
S machinery
parts due to vibrations used broken parts
Breakage of the brush Inoperative Rand_om Replacement of
3 6 bending ofthe 8 10 480
arms brushes the brush arms
brush arms
bRl (NS e U Inoperative Replacement of
4 the assembly of Pt 3 Wooden hanger 10 P 10 300
: machinery the broken part
sieves
Excessive When loosen, they
Loosening of the vibration, have screwed
fixing screws due to  malfunctioning again until it's not
5 poor floor of and stopping of 10 Poor floor at the possible to screw 10 400
customer's siteand  the machine as a installation site further, then
high vibration of the result of the liquid concrete is
machine loosening of the poured and fixed
Screws again.
The ho_Ies do not Pre-drilled holes
align since the Increased cost and of the cover New ones are
6 protection covers are waste of time 3 8 made with larger 10 240
. L . before
pre-drilled before the during installation . . holes
; . installation
installation.

Application of the FMEA Approach Integrated
with the Grey Relational Analysis

In this approach, the RPN values calculated above

using the classic FMEA method are converted to grey
RPN values by using the grey relational analysis and

re-prioritized. According to this new order of priority,
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the priority failures are determined, and the problems
that
calculation of grey RPN values of the failure modes,

cause these failures are eliminated. The

calculated by applying the steps of the grey-relational

analysis integrated FMEA approach, and the

prioritization of failures are as follows.

First, the following information series matrix is
obtained by using the RPN values given in Table 4 in

order to determine the comparative series.

() X X0

50 %02 X3) [180 y ,’3]

X)) X320 X516 8 10

X,(H X, Xx,3) 3 10 10

[f“) X5(2) X5(3)J l“) ! ng

(1) Xs(2) X5(3)

Then, the information series matrix is used to

calculate the following difference matrix.

M A2 AR

A1) A(2) A(3) [; 57- g]
A (D) A3 A;03) _15 7 9
|A4(1) A4Q2) A4(3)| 129 9l
As(D) A5 A5(3)

o) A A 27

According to the values of the difference matrix,
Apin=2, A, =9 was defined, and the determination
coefficient ({) was accepted as 0.5. After obtaining the
difference matrix, the grey relationship coefficients

were calculated according to Equation 6. For A, (1) ;

_ Anl/n+((Apnax) =2+(0.5X9)=
P (X0 ()X, () )= 2 e = e =0.565

was calculated. The same procedure was performed

(12)

for the others to find the grey relationship coefficients

in the following matrix.

[v,(D) 7,2 v, )55
. 0.565 0.481
nA @ |y ossr o4sl]
1D v 7D L0684 0.565 0.481
(D 7,2 v, |1.000 0.481 0.481|
D @) s |0481 0867 0.481
75 75(2) s 1.000 0.565 0.481
7,(D) 7,2) y,3)]

In the final stage, grey relationship degree (grey RPN)

of each failure mode was calculated for determining

the risk priorities. At this stage, first of all, the grey
relationship degrees were calculated using Equation 9,
under the assumption that all three risk factors have
equal weights. For example, the grey relationship
degree in relation to 1st failure mode was calculated

as,

X, X; )=§ (0.565+0.565+0.481)=0.537 (13)

The same process was applied to other failure modes

to obtain;

0,537
[0,549]
0,577
0,654
0,609
0,682

Grey RPN =

Then, the grey relationship degrees of the failure
modes were re-calculated using Equation 10 under the
assumption that the risk factors have different weights.
By taking Y:7_; W,=1, the weight coefficients for the
occurrence, detectability, and severity of the failure
were taken W,=0,4, Wp=0,2 ve W¢=0,4 respectively.
For example, the grey relationship degree in relation

to 1st failure mode was calculated as;

1(X;, X3)=(0.565x0.4+0.565x0.2+0.481x0.4)=0.531
(14)

The same process was applied to other failure modes

to obtain;

0,531
[0,520]
0,578
0,688
0,557
0,705

Grey RPN =

At the end of the application, RPNs, grey RPNs for
the risk factors having the same and different weight
for the failure modes, and the priority ranks of the

failure modes are shown in Table 5.

When we examine Table 5, it is seen that priority
ranks of the failure modes calculated with the classical

FMEA, and grey relational analysis-integrated FMEA
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with and without equal weights of risk factors were
the same. In either case, the most significant two
failures that need to be addressed were "Failure of
suction fan", and "Frequent breakdown and breakage
of the parts due to vibrations" respectively. The two
most significant failure modes in the other two cases
(classical FMEA and grey RPN that risk factors have

equal weight) have exchanged ranks here, and the

Table 5. RPN values.

"Frequent breakdown and breakage of the parts due to
vibrations" now became the most significant failure

mode that needs to be addressed.

After and the

improvements in relation to failure modes in Table 6

these  comparisons findings,
were proposed to the company, and the company has
addressed these recommendations to keep failures

from reaching the customer.

Failure Grey RPN Grey RPN
Modes RPN Ranking (Risk factors have Ranking  (Risk factors have Ranking
equal weight) different weight)
1 640 1 0.537 1 0.531 2
2 600 2 0.549 2 0.520 1
3 480 3 0.577 3 0.578 4
4 300 5 0.654 5 0.688 5
5 400 4 0.609 4 0.557 3
6 240 6 0.682 6 0.705 6
Table 6. Improvements on failure modes.
g 2
> & =
Proposed Authorized  Actual = g = 5
Improvements Person Improvements > 3 § o
(75} o =
o A
Changing hood design to have Assembler Large air holes were designed. 2 2 3 12
wider holes
. . . 2 mm thicker parts were
M_aklng the thin machine parts 2 mm We_lder, produced to replace the broken 3 2 3 18
thicker designer
parts.
Performing the brush arm bending in Designer, A custom mold was made for
. 3 4 2 24
certain molds. producer brush arms.
U_se of metal hanger in the assembly of  Designer, The metal hanger was used. 3 3 3 97
sieves producer

Improving the quality of the concrete for Customer,

mounting the machine at the customer  designer
Not drilling the holes of machine Designer,
protection covers before installation

assembler

The quality of the ground was
improved.

Protective covers were drilled
after the installation of the

maching

Conclusions

The FMEA method aims at preventing failures
from reaching the customer by taking corrective
measures and detecting the failures in the design,
and production of a product or service. However,

the classical FMEA may not provide reliable results

in the prioritization of the failures since it is open to
subjective assessments in the determination of risk
factors as well as in the detection, occurrence, and
severity of the failures. Therefore, the grey
relational analysis-integrated FMEA approach was
eliminate  the

implemented in order to
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disadvantages of the classical FMEA method, and
compared with the results obtained from the
classical FMEA method.

The priority ranks of the failure modes were the
same in the classic FMEA method and the grey
relational analysis-integrated FMEA approach
applied under the assumption that the risk factors
have equal weights. However, when we assumed
that the risk factors do not have equal weights in
accordance with the opinions of the team
established in the company, four of the failure
modes changed ranks. What is important here is the
change in the ranking of the first two failure modes
that need to be addressed. Considering the failure
modes under the assumption that risk factors have
different weights, the "Frequent breakdown and
breakage of the parts due to vibrations" failure
mode was found to be more critical since it affects
operation of the machine, whereas the "Failure of
suction fan" failure mode was only affecting the
complete cleaning, hence it was determined that
failure in the operation of the machine is more
significant failure and needs immediate precaution.
As understood from this result, the classical FMEA
and the assumption that risk factors have equal

weight may give erroneous results in the priority

rankings due to the restrictions previously described.

However, in situations where risk factors have
different weights gave more meaningful results, and
this result is in line with the study by Sofyalioglu
(2011).

In future studies, grey RPN values can be
calculated on the assumption that risk factors have
different weights and using the improvement data
obtained by the classical FMEA to compare the

results.
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GENETIC ALGORITHM AND DIFFERENTIAL EVOLUTION
ALGORITHM COMPARED ON A NOVEL APPLICATION DOMAIN

Didem ABIDIN"

Celal Bayar University, Department of Computer Engineering, 45140 Manisa, Turkey

Abstract: In this paper, the performances of genetic algorithms (GA) and differential evolution (DE), which are two of the
most popular optimization techniques used, are compared. There exist many other studies which compare these two; however,
comparing those on an education material domain will be the contribution to the literature. The problem is stated as a sequencing
problem of education material, in which the order of the topics covered really matters. Selection of the contents of the courses
to be given to the students is an important factor to improve the level of education of the students. Representing the content of
a course in the correct order is a critical task for instructors. In this study, the importance of the order of the contents of a course
was emphasized and the performance of a course content sequencing mechanism using GA and DE was compared. The results
put forward that, sequencing the course contents with GA performs better; however, DE is also obviously successful with a
close score to that of the GA's.

Keywords: Genetic algorithm; differential evolution; sequencing; optimization

GENETIK ALGORITMA VE DIiFERANSIYEL EVRIM ALGO-RiTMASININ YENi BiR UYGULAMA
ALANINDA KARSILASTIRILMASI

Ozet: Bu calismada, genetik algoritmalar (GA) ve diferansiyel evrim (DE) algoritmalar1 gibi ok popiiler iki optimizayson
teknigi kullanilarak performans karsilastirmalar1 yapilmistir. Bu iki teknigi kiyaslayan pek ¢ok caligma yapilmis olsa da, bu
kiyaslamanin algoritmalarin egitim materyalleri tizerinde kullanilarak yapilmis olmast literatiire katk: degerinde olacaktir. Ele
alman problem bir siralama problemi olup, islenen konularmn sirasi nem kazanmaktadir. Ders igeriginin dogru segimi,
Ogrencilerin egitim seviyesinin yiikselebilmesi i¢in ¢ok dnemlidir. Dersin 6gretim {iyesi i¢in, ders icerigini dogru sira ile
aktarmak kritik bir gérevdir. Bu ¢alismada, bir desin iceriginin dogru sirada aktarilmasinin 6nemine dikkat ¢ekilmis ve GA ile
DE tekniklerinin kullanilmasiyla olusturulmus ders igerigi siralama mekanizmasinin performans karsilagtirmalart yapilmistir.

Almnan sonuglar, GA'nin DE tekniginden biraz daha iyi sonuglar elde ettigini gostermistir.

Anahtar Kelimeler: Genetik algoritmalar; diferansiyel evrim; siralama; optimizasyon

Introduction The contents of a course have to be up to date; they have

Artificial intelligence (Al), which is a branch of to meet the requirements of the sector. The contents of a

. . €t , course have to be helpful for the students when they
computer science, aims to understand “intelligence
. . graduate and start working as computer scientists. For
by developing some computer programs which ] ) _
. . . ] ] this purpose, the instructors have to decide the order of
simulates the behavior of an intelligent being. o ]
. . . ] o the contents of a course because finding the optimum
Accordingly, computer science education at universities ) ]
. order for the contents makes learning easier for the
has become very popular. Many different courses

) ) students. Although this is a decision that the instructor
organized by computer science departments of

L has to make, a computer program can help to find an
universities have emerged and these courses have to be
. optimum order for the course content more quickly and
arranged according to the needs of the current
) more reliably. Genetic algorithm (GA) is a stochastic
technological developments.
search technique which can be used in various

The selection of computer science courses is important application domains from optimization (Rankovic, 2014)
but determining the contents of a course is also crucial.
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to sequencing problems. Many studies in literature
emphasize that the GA parameters have an effect on the
performance of sequencing problems. Route planning
problems can be considered as this kind of problem and
GA was used successfully in Wu et al. (2009) with a
standard one-point crossover operator. Order acceptance
problems can be classified as another branch of
sequencing problems, in which a two-point crossover
technique can be applied (Rom and Slotnick, 2009). Air-
craft departure sequencing problems is also a popular
search topic, where re-searchers have developed many
techniques to solve it (Wang et al., 2009). They have
used a reliable range of parameter values like the
crossover rate range of 0.70-1.00, which is also the
chosen range for this paper. Studies which search for
solutions to different optimization problems have also
chosen mutation and crossover rates (Hsieh et al., 2009),
as chosen in this paper. Curriculum sequencing is also
handled in de Marcos et al. (2008) for different courses
having different features from each other, which can be

considered as a rule based approach.

Differential evolution (DE) algorithm is also a powerful
optimization tool which was developed by Price and
Storn in 1995 and its structure is similar to that of GA
(Storn and Price, 1995). Although DE is a tool for
continuous optimization, it also can be used for some
combinatorial optimization problems like Travelling
Salesman Problem (TSP) (Prado et al., 2010). It works
population based as well as GA. In the population, there
exist some possible solutions for the problem to be
solved. DE uses a heuristic optimization technique to
find the best solution among the candidates (Keskinturk,
2006; Storn and Price, 1995). The common aspect of GA
and DE is using similar genetic material transfer
methods like crossover and mutation as in the nature.
Even so, usage of the genetic operators in GA and DE is
different. GA works crossover based and mutation is
applied in 1-1.5% of the population. Unlike GA, DE
applies the mutation operation to each individual while

transferring them to the next generation. In its mutation
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operation, for each individual, three more individuals
are selected from the population and as the result of the
mutation operation, a mutant individual is obtained. Fit-
ness value of the mutant individual is calculated.
According to the fitness value, it is decided whether to
be replaced with the first individual chosen or not.

Crossover is not the main operation in DE as it is in GA.

In this study, the performances of two different
methodologies for the solution of sequencing education
material problem are compared. With the software
implemented, sequencing is done automatically by a
computer program with a genetic algorithm method in it,
which was used in previous studies (Abidin and Cakar,
2011; Abidin and Cakir, 2014). The reason for choosing
the course material is to emphasize that educational
material can also be optimized by using certain
evolutionary algorithms, which makes the study a
computer science application. Database course (DB) and
algorithms course (ALG), which are compulsory for
computer science students, are chosen for the
experimental tests of the project. A comparison is made
between the reliability performances of GA and DE.
Different crossover and mutation rates will be used in
the software as Hegerty et al. (2009) did, which also
compared GA and DE. For both GA and DE, best results
are also compared with the suggestions of an expert,
who is the instructor of the course, as aforementioned in
(Abidin and Cakir, 2014) via the Spearman Rank
Correlation Test. The Spearman correlation test is used
to prove the reliability of decision support systems (Balli
et al., 2009) and in solving optimization problems with

GA (Garcia-Camacho et al., 2011) and DE.

What make the sequencing difficult for this kind of
problem are the interrelations among the contents of the
courses. Some of the content may be shuffled but some
of it cannot be replaced. These interrelations are stated
as a set of prerequisite rules within the content. These
rules are stated and saved both as logical rules and
mathematical representations to make the computation

easier. This makes the study an effective solution to a
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precedence constrained sequencing problem (Yun, Gen,
Moon, 2010). GA and DE use these sets of rules while

deciding the order of the course content.

The layout of the paper is as follows: Section 2 includes
the problem definition, characteristics of data and the
solution analysis, while Section 3 discusses the system
output and covers the interpretations of results from
different points of view. The discussion concerning the

evaluation results and future work appear in Section 4.
Material and Method

Among all computer science courses, the contents to be
sequenced are chosen as the contents of a Database
course (DB) and an Algorithms (ALG) course. There are
many topics in those courses which have to be
sequenced. These selected contents are determined by
the instructor of the course via a user interface. Each part
of the contents of the course is called a “module” .
This format can easily be applied to some other
educational material for different courses because
educational content of every course can be divided into
small sections and these sections should be instructed
with a certain order. The modules to be sequenced have
to obey some prerequisite rules; they must be in the
correct order according to their antecedents. When a
module i has the module j as its prerequisite, this means
that module j has to be represented before module i. The
module names of both the Algorithms and Database

courses are given in Table 1 and Table 2 respectively.

For Database course, 17 modules were chosen by the
instructor to be sequenced. For Algorithms course, 20
modules were chosen. GA and DE algorithms were
applied to DB and ALG modules respectively (with
different values of crossover and mutation rates as given
in Hegerty et al. (2009)) and the best module ranges for
each method were obtained. Both GA and DE are run
for fixed generation values and the best individuals at
the end of the

last generation are taken into

consideration for the evaluation phase of the study.
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Table 1. Modules for algorithms course.

Module Name

Prerequisites

1 — Iterations (while)

6-3-14-8-19

2 — Executing a

6-10-14-8-20-19

Environments

Program

3 — Constants 6-10

4 — Console 1/0 6-10-3-14-12-8-20-19-2
Operations

5 — Matrices 6-3-14-12-8-19-1-7-15
6 — Introduction to -

Algorithms

7 — Numerical 6-3-14-12-8-20-19-7
Problems

8 — Operators 6-3-14-12

9 — Bit Operations 6-14-12-8-19

10 — Programming 6

11 — String Operations

6-14-12-8-20-19-15

12 — Type Conversion
and Casting

6-14

13 — Subroutines

6-10-3-14-12-8-20-19-
18-2-4

14 — Variables 6-10-16-3

15 — Arrays 6-3-14-12-8-19-1-7
16 — Comments 10

17 — Switch/Case 6-10-14-12-8

18 — Break/Continue 6-3-14-8-19-1

19 — Iterations (for) 6-3-14-12-8-20

20 — If/Then/Else 6-10-3-14-12-8

Table 2. Modules for database course.

Module Name Prerequisites

1 —Introduction to DBMS | -

2 — DBMS-DBA 1

3 — Data Models 1

4 —Table 1-2

5 — Referential Integrity 1-2 -4

6 — Algebraic Operators 1-2-4

7-PK 1-3-4-5

8 — FK 1-3-4-5-7

9 — Normalization 1-4-5-7-8

10 — DB Design 1-4-5-7-9

11 — Data Types 3-4-10

12 — SQL-Select 3-4-5-7-8-11

13 — SQL-Insert 3-4-5-7-8-11-12

14 — SQL Operators 4-12-13

15 — SQL-Update 3-4-5-7-8-11-12-14
16 — SQL-Delete 3-4-5-7-8-11-12-14
17 — Sequences 4-7-8

Both of the results from GA and DE were compared with
the expert’ s suggestions using a nonparametric cor-
relation test as done in the previous study (Abidin and
Cakir, 2014). Like Roeva (2008), each different
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parameter combination was executed for 20 times and
the average generation number was obtained (Hegerty et
al., 2009). The same tests were repeated for 6 different
population sizes of DB and 2 different population sizes
of ALG. Because of the structural differences of GA and
DE, no mutation values are used in DE. Instead, DE has
a different parameter F, which is used as the constant
value in mutation equations. Table 3 shows the values of

parameter combinations of GA and DE.

Table 3. GA and DE parameters.

Parameter Value (GA) | Value (DE)
Population Size 100, 120, 50, 100
140, 160,
180, 200
# of Generations 500, 750, 1000, 2000,
(G) 1000 3000
Crossover Rate 0.7, 0.75, 0.5,0.8
(crate) 0.8, 0.85,
0.9,0.95,1
Mutation Rate 0.1,0.15,0.2 | -
(mrate)
F value - 0.5,0.6

Both sets of GA and DE results are also compared with
the expert’s suggestion by performing tests with the

Spearman Rank Correlation to decide their reliability.

GA Features
As Holland (1975) stated, GA is a simulation of the
natural reproduction process of living things to transfer

their genetic knowledge to the next generations.

This idea has been embraced by other scientists like
Goldberg (1989), and has been improved by many
others and applied to the solutions of many recent daily
life problems. Since the chromosomes of GA represent
one possible solution to the module sequencing problem,
each gene of the chromosome consists of different
module numbers. For this reason, permutation encoding
is the most appropriate representation method for this
project. The initial population is obtained from the
random sequences of the modules given in previous

section.

Three different crossover operators were applied in four

different ways. That is; 1-point order crossover (called
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GAL1), 2-point crossover (called GA2), partially mapped

crossover-PMX.

As the mutation operator, swap mutation is applied.
Linear Rank Selection (Greffenstette and Baker, 1989)
was used as the selection mechanism of the population.
The two individuals with the best fitness values are
transferred to the next generation directly in order to

apply elitism.

The fitness function of a GA is the only part which has
to be designed according to the needs and structure of
the problem. In this study, the fitness function
mechanism works by parsing the 1s in the prerequisite
matrix and the penalty scores are calculated for the
modules on the chromosome. This is quite a practi-cal
way of transferring the rules to a mathematical
representation. Saving the rules in a matrix has a few
benefits. The system does not have to execute any
queries from the database to acquire the rule data. The

equation for the fitness function is given in Eqg. 1.

1
m penaltycounty
k=1prereqcounty

fitness[i] = (1)
where m is the number of modules in a chromosome,
penaltycount is the number of prerequisite modules for
module k existing in the chromosome and prereqcount
is the total number of prerequisite modules for module
k. After the penalty scores are calculated, the individual
with the lowest penalty point is determined as the
individual with the best fitness value. The individual
with the best fitness value, more likely, is supposed to

transfer its genetic material to the next generation.
DE Features

The population on which DE was run consists of
individuals (chromosomes) with randomly sequenced
module numbers. For ALG, the number of genes in each
chromosome of the population is 17. All individuals are
updated and trans-ferred to the next generation until the
determined number of generations (G) is reached. Like

GA, DE also needs to use fitness functions for the
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individuals throughout generations in order to
understand whether better individuals are generated or
not. The same fitness mechanism, depending on
minimizing the prerequisites penalties, was used in DE

as well as in GA.

After calculating the fitness values of individuals, the
individuals and their fit-ness values are sorted from the
worst individual to the best. In this way, the best
individual at the end of G generations is always the last

individual of the popula-tion.

In a standard DE algorithm, a mutant individual is
generated by choosing some of the individuals from the
population. Since the data set of this study is not suitable
for repeating genes or real number representation, a DE
in TSP is preferred
(Greffenstette and Baker, 1989). Accordingly, four
different
DE/rand/1 (Ghosh et al., 2012), MX2: DE/best/1 (Storn
and Price, 1997), MX3: Simplex1 (Kamiyama et al.,
2010), MX4: Simplex2 (Kamiyama et al., 2010).

version which was used

mutation strategies are applied: MX1:

In all of these strategies, a mutant individual is created
by the help of randomly chosen individuals and the best
and the worst individuals of the population. The
formulas to create the mutant individual are given for
MX1, MX2, MX3 and MX4 in Equation 1, Equation 2,

Equation 3 and Equation 4 respectively.
In DE/rand/1 strategy:

Except the chosen individual (xi,g), three more
individuals are chosen randomly (x1, x2, x3). For each
gene of the three individuals, the mutant individual is
cal-culated (Equation 2). Mutant individual is shown

with (vi,g+1).

For each gene in the chromosome (n=0..19 for ALG):

vi,g+1[n] = x1[n] + F * (x2[n] - x3[n]) (2)
In DE/best/1 strategy:

Except the chosen individual (xi,g), two more
individuals are chosen randomly (x1, x2).  For the
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best individual of the population and x1 and x2, the

mutant individual is calculated (Eq. 3).

For each gene in the chromosome (n=0..19 for ALG)
and NP given as the number of individuals in the

population:

vi,g+1[n] = Pop[NP-1][n] + F* (x1[n] - x2[n])  (3)

In Simplex1 strategy:

Except the chosen individual (xi,g), one more individual

is chosen randomly (x1).

For the best and the worst individuals of the population

and for x1, the mutant individual is calculated (Eq. 4).

For each gene in the chromosome (n=0..19 for ALG)
and NP given as the number of individuals in the

population:

vi,g+1[n] = x1[n] + F * (Pop[NP-1] [n] - Pop[0] [n])
(4)

In Simplex2 strategy:

Except the chosen individual (xi,g), one more individual

is chosen randomly (x1).

For the best, second best and the worst individuals of the
population and for x1, the mutant individual is
calculated (Eq. 5).

For each gene in the chromosome (n=0..19 for ALG)
and NP given as the number of individuals in the

population:

vi,g+1[n] = x1[n] + F * (Pop[NP-1] [n] - Pop[0] [n] +

Pop[NP-2] [n] - Pop[0] [n]) (5)
Repair Mechanism
Since DE is preferred in solving continuous

optimization problems (Agrawal and Srikant, 1994),
repairing mechanism is needed to be added to DE for
this study. In all applied strategies, the genes of the
mutant individuals have values in real numbers. Real

numbers cannot be used to represent the values of the
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genes in this study; therefore a conversion operation is
done on the genes of the chromo-somes (Mi et al., 2010)
and they are converted to module numbers of ALG. For
the same conversion operation, Relative Position
Indexing approach can also be used which is suggested
by Prado et al. (2010). The resulting mutant individual

is used in the crossover phase.

In crossover, the mutant individual (vi,g+1) and the
individual previously se-lected from the population (xi,g)
are used. A random value between 0 and 1 is generated
and it is compared with the already determined CR value.
If the ran-dom value is greater than CR, mutant
individual is marked as the candidate indi-vidual (ui,g)
to the next generation. If the random value is less than
CR, xi,g is marked to be transferred to the next
generation as (ui,g). Crossover operation is given in Eq.
6 (Elsayed et al., 2012).

v; - rand[0,1] > CR
uig — { ,g+1 [ ] (6)

X g — rand[0,1] < CR

A fitness value is calculated for the candidate individual
(ui,g). This value is compared with that of the first
chosen individual (xi,g). If the fitness value of the
candidate individual is greater, that individual is
transferred to the next genera-tion of the population
instead of (xi,g). If the fitness value of the candidate
indi-vidual is not greater, then the original individual
(xi,g) again takes place in the next generation of the

population.
Reliability of Sequences

Since many result sets were obtained for both DB and
ALG, these result sets had to be examined to find the
most reliable result when compared with the expert’ s
suggestion. When a judgment is to be made on a group
of data which is in sequences, it is convenient to use the
Spearman Rank Correlation. It is a nonparametric test
used in statistical analysis. It is used in cases where
testing the reliability of the range of data is more
important than the numerical values of the da-ta
(Sheskin, 2000). With this test, a t value is calculating
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for each sequence and a reliability percentage can be

obtained. Equation (7) shows the calculation of t values.

t= —2 (7)
V(1-p?)/(n-2)

where p indicates the Spearman rank correlation
coefficient and n is the number of alternatives
(observations). The number of observations was 17 for
DB and 20 for ALG. Then the hypothesis should be set

as given below:
HO: There is no correlation between the two ranges.
H1: There is a correlation between the two ranges.

The evaluation criteria for the Spearman test are given

in Table 4 below.

Table 4. Spearman correlation test parameters.

Number of Modules (n) 17 20
Degree of Freedom (n-2) 15 18
Tolerance 1%

Confidence Level (p) (two tailed) |0.005 |0.005
T value 2947 12.878

The reliability of the module ranges were evaluated with
a tolerance percentage of 1% (P < 0.01). According to
the hypothesis, to be able to understand whether there is
a correlation between the output and the expert’ s
suggestion, the t values must be compared with a value
of 2.947 for DB and with a value of 2.878 for ALG
according to the t table used for this study (Bissonette,
2010). To verify the reliability of the modules, the p
values should also be calculated. If the calculat-ed p
value is smaller than the tolerance percentage (P < 0.01)
then the hypothesis HO is rejected and it can be stated

that the module sequence is reliable.
Findings

The results of GA were examined according to the
following criteria: the runtime values in minutes, t
values, reliability percentages and the number of reliable
results. According to the results, the execution time for
GA2 is by far the best among other GAs for all
population sizes. This is because the performance of 2-

point order crossover is much better than the
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performances of 1-point crossover and PMX. In Table 5,
the reliability percentages found with GA are given for
DB.

Table 5. Reliability percentages of results for DB (GA)

Reliability Percentages
Pop. Size | GAl GA2 PMX
100 95.83 | 96.81 95.10
120 96.56 | 98.04 94.36
140 95.83 | 97.30 96.08
160 97.06 | 97.30 95.59
180 96.08 | 98.53 94.36
200 95.34 | 96.81 96.07

In the results of DB, a population size of 180 with 2-
point order crossover gives the most reliable results with
a percentage of 98.53. For the best results, the two-tailed
p value for these ranges is less than 0.0001 (P < 0.01);
therefore, both ranges are accepted as extremely

significant.

Since Spearman Rank Correlation was used in
computing fitness values in DE, the best individuals of
the populations of result sets are already the ones having
the highest reliability percentages. Table 6 shows the
reliability percentages of the module ranges of ALG
with DE according to their population sizes when
compared with the expert” s suggestion (Zhang et al.,
2008).

Table 6. Reliability percentages of results for ALG (DE)

Reliability Percentages
g?zi' De/rand/1 | De/best/1 | Simplex1 | Simplex2
50 91.12 92.63 94.28 92.78
100 | 88.72 91.57 96.84 94.43

In the results of ALG, a population size of 100 with
Simplex1 mutation gives the most reliable results with a
percentage of 96.84. For the best results, the two-tailed
p value for these ranges is less than 0.0001 (P < 0.01);
therefore, both ranges are accepted as extremely

significant.

individuals and 1000

generations are examined, it can be seen that these

If the best results for 50

results are obtained for the same crossover rate (CR=0.5)

o1

and F value (F=0.5). For 2000 generations, the best
results are gathered for the same crossover rate and F
values as gathered for 1000 generations. If the algorithm
is run for 3000 generations, the best results are obtained
with the Simplex2 strategy, again with the same

crossover rate of 0.5.

If the best results for 100 individuals and 1000
generations are examined, the best results are obtained
with Simplex1 strategy. Although crossover rates and F
values of the best results does not follow a significant
pattern, three strategies except "De/Best/1" have the

same crossover rate of 0.5.

For 2000 generations, Simplex2 strategy has the best
results. Simplex1 strategy has closer results to the best
and both strategies have the same crossover and F values
(F=0.5, CR=0.5). The best F value for all four strategies

is observed as 0.5.

If the number of generations is increased to 3000, best
results are observed for Simplex1 strategy. Except for
"De/rand/1” strategy, most reliable results are gathered

for the crossover rate CR=0.5 and F=0.5.

The number of successful solutions was calculated
according to the t value formula of the Spearman Rank
Correlation. The calculated values were then com-pared
with the corresponding value in t-table (Bissonette,
2010). The corresponding t value of t-table to be
compared is detected according to the Spear-man
Correlation Test parameters used in this study. The
software implemented also gave the best t value of all
1260 runs of GA. Having the highest t value indicates
that the result giving the highest t value is the best
solution among the result set. Mostly the best t values of
different population sizes are from the operator GA2.
This shows that 2-point order crossover gives
predominantly the best module range results. The

numbers of reliable results are given in Table 7.
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Table 7. The number of reliable results for DB (out of

1260)

Pop. Size GAl GA2 PMX
100 967 1148 785
120 991 1188 840
140 1049 1218 914
160 1053 1231 948
180 1085 1238 986
200 1114 1253 1050

99.4% of the results are found as reliable for the 200
individual dataset and 2-point crossover. When the
corresponding crate values of the successful scenarios
are examined in GA, it can be observed that the number
of scenarios with 0.95 as the crossover rate is higher than

the other crossover rates.

The same extraction can be done for the mutation rates.
The number of scenarios with the mutation rate of 0.1
was greater than the others in the dataset. Higher

mutation rates did not perform well for DB.

Being the best solution was not the only answer which
this study looks for. Be-sides the best result, the number
of all reliable results should be taken into consideration.
For each GA and DE and for each population size,
different numbers of reliable solutions have been
acquired. The numbers of reliable results for DE in ALG

are given in Table 8.

Table 8. The number of reliable results for ALG (out of
240)

gioz% De/rand/1 | De/best/1 | Simplex1 | Simplex2
50 159 139 214 233
100 | 197 192 236 240

With Simplex2, 100% of the results are found as reliable.

From the obtained re-liable sequence amounts' point of
view, Simplexl and Simplex2 strategies have the
highest number of reliable sequences for the population
value of 100. When the population is set as 100
individuals, Simplex2 has completely reliable results
(240 out of 240 for all numbers of generations). In DE,
96 different result sets are obtained for 4 different

mutation strategies, 2 different F values, 2 different
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crossover rates, 2 different population values and 3
different generations. Each combination was run for 20
times; which means that software was run for 240 times
for each mutation strategy and population size in total.
This number is less than that of the GA's, but the reason
is that, in DE there are no mutation rates as in GA and
there are less crossover rates. In DE tests, the crossover
rate of 0.5 has always given the best results. Therefore,
this rate can be used as a fixed value for DE to be used
for course material optimization. For the F value, F=0.5
has given the best result in most of the tests. The results
obtained from Simplex1 and Sim-plex2 strategies are

obviously better than the ones obtained by "De/rand/1”

and “De/best/1” .
Results

In the guidance of the previous studies, it was
investigated whether DE could be used for optimizing
the sequence of course material. While applying DE to
the dataset, four different mutation strategies are tested,
as done before with GA (Abidin and Cakir, 2011)
(Abidin and Cakir, 2014). To be able to make mean-
ingful comparisons, the results of optimization of the
course material with GA was also included to the study.
The population size interval for GA was given as 100 -
200 (100, 120, 140, 160, 180 and 200), where it was 50
and 100 for DE. The system needs to test different sizes
of populations because increasing the population size to
a certain extent encourages the diversity of the
population that both GA and DE deal with. This means
that as the population size increases, the possibility of
having individuals with various values of fitness also
increases. Choosing different numbers of populations
for GA and DE was done intention-ally because GA and
DE react to different numbers of populations. Increasing
the number of populations in GA gave better results;
however, increasing the num-ber of generations gave

better results in DE.

It is very important to verify that the study stands as a

reliable one among all other scientific research in the
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relevant field literature. In this study, the output of the
software is compared with the solution suggested by an
instructor to de-cide the curriculum planning system” s
reliability. For this reason, all of the re-sults obtained in
the study with all scenarios and genetic operators are
accepted as the best solutions at the beginning of the
evaluation process and the Spearman Rank Correlation

test was applied to all.

From the genetic operators’ point of view, in GA,
keeping the crossover rates higher gave better results
(0.95) both in 1 - point order and 2 - point order
crossover operators. The mutation rates tested were
extremely high in this study when compared with
similar studies in literature, though the preliminary tests
of the study indicated that lower mutation rates like 0.01,
0.02, etc. did not give better results in this kind of
sequencing problem.

The results suggest that, the rule-based GA developed in
this study can be used as a reliable system to optimize a
curriculum sequence with tight prerequisite rules among
sections of educational material. This system is quite
suitable for use in sequencing the contents of all courses
given in a computer science or computer engineering
department of a faculty. To verify the practicality of this
study, a whole content sequencing tool and its
implementation for a specific de-partment in a faculty

like computer engineering is planned as a future study.

The best result with DE was obtained with a reliability
of 96.84% (Simplex1 strategy, NP=100). The best result
with GA was obtained with a reliability of 98.53% (2-
point crossover, NP=180). This shows that this software
application (with both GA and DE) can be reliably

helpful to introduce the course materials to the students.

GA and DE will be used in a different application
domain as the future work, with the experience gathered

from this study.
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CIFT ZAMANLI VE YARI YAPILI OZEL VERIi AMBARLARI ILE
ILISKISEL VERI TABANI UZERINE BiR KARSILASTIRMA
CALISMASI
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Ozet: Veri ambarlar: ve iligkisel veri tabanlar biiyiik veriyi saklamak ve islemek icin kullanilan iki farkli depolama alanidur.
Bu c¢alismada; yapisal olarak 6zellestirilmis iki zamanli ve i¢ i¢e yapida bir veri ambari hazirlanmigtir. Aymi veriler veri
ambarinda ve iligkisel veri tabaninda saklanarak bu iki depolama alani arasinda kargilastirma yapilmistir. Ayni sonucu verecek
sorgular hem veri tabani tablolar1 kullanilarak hem de veri ambar1 bilesenleri kullanilarak sorgulanmustir. Sonuglar sorgu setleri,

yiiriitme zamanlar ve disk alan1 kullanimi agisindan degerlendirilmistir ve karsilastirilmigtir.

Anahtar Kelimeler: Veri ambarlari; biiyiik veri; 6znitelik zaman etiketi; ¢ift zamanl veri tabanlar1

A COMPARATIVE STUDY ON BITEMPORAL SEMISTRUCTURED DATA WAREHOUSES AND
RELATIONAL DATABASES

Ozet: Data warehouses and relational databases are two different areas for data storage. A special structured data warehouse
is prepared in this study that is bitemporal and its structure is formed as nested. Same data is stored in data warehouse and the
relational database. These two data storage area is competed with each other. Same resulting queries are queried by using
relational database objects and data warehouse components. The results are compared and evaluated in terms of query sets,
processing time and disk space usage.

Keywords: Data warehouse; big data; bitemporal databases; attribute time stamping.

Giris

Glinimiizde teknolojinin  etkileri her sektorde
goriilmektedir. Sagliktan, tekstile, egitimden, yiyecek
icecek sektoriine kadar her alanda, bilgiler bilgisayar
ortaminda kayit altinda tutulmakta ve islenmektedir.
Bunun yani sira, insan viicudunun bir uzantist haline
gelen akilli cep telefonlari ile insanlar sosyal ortamlarda
kisisel bilgilerini, begenilerini paylasir hale gelmistir.
Bilgi paylasiminda giivenilir yontemlerin
gelistirilmesiyle ve veri paylasim hizinin artmasiyla,
ozellikle son yillarda internet {izerinden egya ve yiyecek
aligverisi diinyada ve iilkemizde insan hayatinin siradan
bir pargasi haline gelmistir. Bilgisayarsiz bir hayat

diigiiniilemez hale gelmistir.

Bilgisayar kullanim1 bu denli yaygin degilken kayit
altinda tutulamayan birgok veri zamanimizda kayit

altinda tutulabilmektedir. Ortaya ¢ikan biiyiik veri akisi

*Corresponding Author: Gézde ALP

e-mail: gozde.alp@marmara.edu.tr

verileri isleme ve bu verileri firmalarin ve toplumlarin
yararina kullanma ihtiyac1 ortaya g¢ikmasina sebep
olmustur. Oyle ki artik sirketler tiiketici egilimlerini
anlamak ve karlarini arttirmak adina ellerindeki verileri
isleyecek ve akilc1 Onerilerde bulunabilecek firmalar ile
calismaktadir. Dahasi baz1 biiytik sirketlerin veri igsleme
bolimleri bulunmaktadir. Bunun yaninda hastalik teshis
ve tedavilerini gelistirebilmek i¢in saglik alaninda da

biiyiik veri topluma faydali olmasi i¢in kullanilmaktadir.

Bu ihtiya¢ dogrultusunda veri isleme ve veriden bilgi
elde edebilme iizerinde galigsan bilimler ortaya ¢ikmuistir.
Karar destek sistemleri, veri madenciligi yontemleri
biiyiik veriyi anlamlandirmak igin ortaya ¢ikmis
bilimsel alanlardir. Veri ambarlari ise yiiksek boyuttaki
veriyi saklamak ve iglemek i¢in elverigli bir depolama
alanlaridir.

Sirketlerin biiyiik bir c¢ogunlugu veri

ambarinda sakladiklar1 verileri karar destek sistemleri
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ya da veri madenciligi yontemleri ile isleyerek ortaya

¢ikan bilgiyi kullanarak karar almaktadir.

Akla gelen her sektérde ve sosyal platformda ortaya
cikan bu veriler iligkisel veri tabanlarinda ya da veri
ambarlarinda saklanabilir. Giinimiizde; Microsoft,
Oracle gibi sirketler tarafindan ya da acik kaynak kodlu
olarak tretilmis onlarca degisik iligkisel veri tabani ve

veri ambar1 sistemleri mevcuttur.

Iliskisel veri tabani; her an veri ekleme, silme, update
etme gibi iglemlerin yapilabildigi cevrimici olarak
adlandirabilecegimiz veri depolama alamidir. Veri

ambarinda ise ¢evrimi¢i islem yapilmaz, sadece
sorgulama, raporlama islemleri yapilir. Veri belli
zamanlarda iligkisel veri tabami ya da benzer veri

depolarindan veri ambarina aktarilir.

Sahip olunan eski, 6nceki yillara donemlere ait veriler,

gelecek  donemlerdeki  stratejileri  belirlemekte
kullanilabilir. Veri ambarlar1 6zel yapilari ile gegmis
donem analizinin yapilmasini kolaylastirir. Veri ambari
icerisinde bulunan veriler zamansal derinlige sahiptir.
Veri ambarlari, biiyiik miktarda verinin saklanabilecegi
bir depolama alani sunarken ayni zamanda ¢evrimigi
islemenin olmadigi sadece sorgulama islemleri yapilan

ve dolayistyla daha hizli sonug veren de bir ortam saglar.

Veri ambari; eski verilere ulagsmak ve analiz etmek
amaci ile kullanilan, aktif bir ¢alisma alamidir. Veri
ambart “yOneticilerin karar vermelerini kolaylastiran;
konu odakli, entegre, kalici, zamanla degisen verilerin
olusturdugu bir yi1gindir” (Inmon ve Krishnan, 2011).
Veri ambari 6zel hazirlanmis verileri hizli ve kolay bir
sekilde elde etmeyi amaglar. Sirketlerin ¢esitli
lokasyonlarda bulunan veri depolarindan alinan bu 6zel
veriler, yoOnetim raporlamalarinda, ¢esitli isyeri
sorgularinda, karar destek sistemlerinde, yonetici bilgi
sistemlerinde ve veri madenciligi uygulamalarinda

kullanilir (Ponniah, 2011).

Veri ambarlart; doksanlt yillarin baslarindan beri, karar
destek sistemlerinin bagarisinda onemli rol oynar.

Kuskusuz, veri ambar1 kullanicis1 verilerin dogru ve
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eksiksiz oldugundan emin olma ihtiyac1 duyar. Veri
ambarinin, gegici olmayan ve zamanla degisen verileri
icerme Ozelligi, hali hazirda var olan verileri yok
etmeden veriler {iizerinde degisiklik yapmaya izin

vermeyi gerektirir.

OLAP (online analytical processing ) ¢evrimici analitik
isleme canli, gergek ve hazir dataya ulagma ihtiyacindan
dolay1 ortaya ¢ikmugtir. OLAP raporlari ile istatistiksel
giivenirlige sahip gelecek durum analizleri yapmak
miimkiindiir. OLAP kiiplerindeki veriler giliniin belli
zamanlarinda giincellenir ve islenir. Toplam, ortalama

hesaplama gibi tiim hesap islemleri veri degistiginde

yeniden hesaplanir. Rapor OLAP kiipleri ile
sunuldugunda arka planda higbir hesaplama yapilmaz,
bir ondeki veri giincellemesinde hesaplanmis veriler
gosterilir. Tiim hesaplanan degerler daha dnce oldugu
gibi OLAP kiiplerinde saklanir. Raporlama esnasindaki
yegane islem, raporu ¢agirmak ve kullaniciya
gostermektir. Suboti¢ ve arkadaslar1 (2014) ve Ravat ve
Teste (2006) OLAP boyutlar1 {izerinde versiyonlama ve
dinamik gilincelleme c¢alismalarda yapilmigtir. Tipik
OLAP islemleri arasinda bir ya da birden ¢ok boyut
hiyerarsisi arasinda veri toplama seviyesini yiikseltme
(rollup) ve veri toplama seviyesini azaltma (drill-down),
kiigiik bir pargay1 segip gosterme (slice_and_dice), ve
verilerin  ¢ok  boyutlu  goriiniimiiniin  yeniden
yonlendirilmesi

Ark,2013; Wrembel, 2009).

(pivot) bulunmaktadir (Ceci ve

Zamansal veri tabami c¢alismalari bu alanda 6nemli
sonuglar ortaya ¢ikarmustir. Tarihsel bir veri tabani ilgili
nesne ya da Ozelligin ge¢mis zamandaki bilgisini
tutabilecegi gibi (olay zamani), veri tabanindaki islem
gecmisini de (islem zamani) tutabilir. Olay zamani
nesnelerin ya da Ozelliklerin zamanla degisen
durumlarint modellemek i¢in kullanilir. Bu durumlar
gecmiste, giiniimiizde ya da gelecekte olabilir. Islem
zamani nesne ya da 6zelligin veri tabanina kaydolmasi
ve sonrasinda yapilan her tiirli degisikligin zaman
Gliniimiizde  kullamilan  veri

etiketini  belirtir.

tabanlarinda islem zamani simdiki zamanin Otesinde
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olamaz, ge¢mis zaman ya da gelecek zaman bilgilerini
icermez. Halbuki ¢ift zamanli veri tabanlar1 degisen
diinyanin degisen bilgilerini modelleyebilir, verilerden
elde edilmis gerceklerin olay zamanlarini ve nesneler
iizerinde yapilan veri tabani islemlerinin ge¢misini

tutabilir (Atay ve Tansel, 2009).

Veri ambarlarinda zamansal bilgi depolanir, bununla
iligkili olarak zamansal veri tabanlari iizerinde yapilan
aragtirmalar, veri ambarlart agisindan da yararlidir.
Zamansal veri ambarlari, zamana bagli degisen c¢ok
boyutlu verilerin yonetimini saglar. Daha 6nceden de
zamansal veri tabanlar1 ve veri ambarlarini bir araya
getiren arastirma projeleri yapilmistir. Malinowski ve
Zimanyi (2006) yilinda yaptiklar1 ¢alismada, zamana
bagli olarak degisen ve zamana bagli olarak degismeyen
¢ok boyutlu bir model sunmuslardir. Martin ve Abello
(2003) veri ambarlart ve zamansal veri tabanlar
arasindaki benzerlik ve farkliliklar1 defatli bir sekilde
yaptiklart ¢alismada sunmuslardir. Eder ve arkadaslari
(2001) calismalarinda, zamansal veri ambar1 modelini
iki farkli yaklasim kullanarak sunmuslardir. Bunlardan
biri olan dogrudan yaklasimda, her sonucunu elde etmek
i¢in bir sorgu analizorii ve sonug analizorii kullanilir, Bir
digeri dogrudan olmayan yaklasimda, data mart adi
verilen kiigiik veri ambarlar1 belli yapisal 6zelliklere
gore olusturulur. Diger tiim yap1 versiyonlarindaki
veriler gerekli doniisiim fonksiyonlart ile iglenerek yeni
olusturulan data marta aktarilir. Dogrudan yaklagim
daha fazla esneklik sunarken, dolayli yaklasim data mart
bir kere olusturulduktan sonra tepki siiresi agisindan
iistiindiir. Janet ve arkadaslar1 (2006) veri ambari hali
hazirda var olan veri ambart kiipleri tiizerindeki
boyutlarin degistirilmesi, silinmesi, kiiplere yeni boyut
eklenmesi gibi islemleri c¢alisan uygulamalara zarar
vermeden yapan bir model gelistirmislerdir. Ayrica ¢ok
boyutlu semalarda; ekleme, silme, degistirme
islemlerini yapabilmek igin bir de sorgulama dili
sunmaktadirlar. Combi ve arkadaglar1 (2009) zamansal
ve yar1 yapili veri ambarlari i¢in grafik tabanli bir model

ve gerekli bilgiyi kullanigh bir sekilde gekmeyi saglayan
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bir sorgulama dili sunmustur.

Bu caligmada; veri ambart ve OLAP uygulamalariin
Oznitelik lizerinde olay ve iglem zamani bilgilerini
iceren, ¢ift zamanli bir uzantis1 yapilmistir. Veri ambari
ve zamansal veri tabanlari alanlarini Dbirbirlerine
baglayan arastirma projeleri daha 6nceden yapilmistir.
Ancak, su ana kadar yapilan caligmalarda zaman
etiketleri satir iizerindedir. Bizim bilgimize goére veri
ambart ve Oznitelik zaman etiketi daha 6nce birlikte

kullanilmamustir.

Makalenin geri kalani su sekilde organize edilmistir.
Ikinci béliim, veri ambarlar1 hakkinda 6zet bilgi icerir.
Uclincii boliimde, ¢ift zamanli veri tabanlari ve iki
zamanli etiketleme yaklasimlari ana hatlar1 ile
anlatilmigtir. Dordlincli boliimde, ¢ift zamanli veri
ambarlar1 i¢in sunulan model ve uygulama detaylar
sunulmustur. Besinci boliimde, deneysel ¢alisma igin
kullanilan 6rnek sorgular ve test sonuglar1 agiklanmustir.
Altinc1 boliimde ¢alismadan ¢ikan sonug 6zetlenmis ve
gelecek calismalarda yapilmasi planlanan islere
deginilmistir.

Veri ambarlan

Veri ambar1 semasinda ii¢ temel kavram kullanir;

olaylar (fact), boyutlar (dimension) ve Olgekler
(measure). Bir olay, 6lgeklerden ve baglam verilerinden
olusan iliskili veri 6gelerinin bir derlemidir. Her olay
tipik olarak bir is Ogesi, is hareketi ya da is siirecini
¢Oziimlemekte kullanilabilecek olan bir olusu ifade eder.
Bir veri ambarinda, olaylar sayisal verinin saklandigt
ana tablolarda gerceklestirilmektedir. Bir boyut, ayni
tirdeki gorlintiilere ait iiye ya da birimlerin bir
derlemidir. Olay tablosundaki her veri noktasi, ¢ok
sayidaki boyutlarin her birinden bir ve yalnizca bir
iiyeyle iliskilendirilir. Boyutlar olaylar i¢in kavramsal
altyapiy1 saglarlar. Bircok ¢oziimleme islemi olaylar
izerindeki boyutlarin etkisini sayiya dokmek iizere
kullanilmaktadir. iizerinde

Boyutlar, Cevrimigi

Coziimleme Islemi (Online Analytical Processing-
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OLAP) yapilacak olan parametrelerdir. Bir boyutta
birgok boyut iiyesi vardir ve bunlar bir veri 6gesinin
yerini belirlemek iizere kullanilan ayri bir isim ya da
belirleyicidir. Ornegin, biitiin sehirler, bolgeler ya da
iilkeler de bir cografya boyutu olustururken, biitiin aylar
ya da yillar bir zaman boyutu olusturmaktadir. Olgek bir
olayin sayisal niteligidir. Bu nitelik, isin boyutlara goreli
olarak basarimini gosterir. Sayilar degisken olarak
adlandirilir. Ornegin {iriin satiglarinin parasal miktari,
satis hacmi, hareket miktar1 gibi degerler 6lgek olarak
diisiiniilebilir. Olgekler, boyut iiyelerinin birlesimleriyle

belirlenir ve olaylar iizerine yerlestirilir.

Veri ambar1 semasinda kullanilabilecek “Y1ldiz modeli”

ve “Kar tanesi modeli” olarak iki temel model
bulunmaktadir: Yildiz modeli veri ambart igin temel
yapidir. Genellikle bir biiyiikk merkezi tablo (olay
tablosu olarak adlandirilir) ve olay tablosu etrafinda
yildiz bigiminde siralanmis daha kiiciik tablolar soz
konusudur. Sekil 1’de; merkezde bir satig bilgileri
tablosu ve satis bilgileri tablosu etrafinda siralanmig
zaman, liriin, konum ve 6l¢ii boyut tablolarin1 gosteren,

bir y1ldiz modeli 6rnegi gorilmektedir.

Kar tanesi modeli bazen kendi sira diizenlerini de igeren
bir ya da daha fazla boyutun ayristirilmasinin sonucu
olarak ortaya c¢ikar. Bir boyut tablosunun iyeleri
arasindaki  bir¢ok-bir iliskileri, bir sira diizen
olusturacak sekilde ayr1 bir boyut tablosu olarak
tamimlanabilir. Ornegin, Sekil 1°deki iiriin boyutu, sekil
2’de model, kategori ve alt-kategori boyutlarina
ayristirilmistir. Yildiz modelinden tiiretilen bu model,

gortildiigii gibi bir kar tanesine benzemektedir.

Bir boyutlu modeli gorsellestirmenin en yaygin yolu bir
“kiip” (cube) gizmektir. Ug boyutlu bir model kiip
kullanilarak gosterilebilir. Boyutlu model genellikle
iicten fazla boyut icerdiginden hypercube olarak

adlandirilir. Ancak bir hypercube’iin gorsellestirilmesi
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zor oldugundan, genel olarak kullanilan terim kiiptir.

Konum (Location)
Boyutu

Zaman (Tine)
Boyutu

Uriin (Product)

Satig (Sales) Bilgileri
Boyutu

Olgii (Measure)
Boyui

Sekil 1. Yildiz modeli.

Bu kavramlari, iriiniin liste fiyatin1 kategorisine ve
modeline gore yapilan analizler ile agiklayacagiz. Her
bir irlinlin liste fiyati, say1 ile nitelendirilebilen bir
gercektir. Alt kategori ve model {irin boyutunun
o6lgiileridir. Her bir iiriin tipi i¢in farkli bir sayisal 6l¢ii
degeri vardir. Bu tip baglant1 boyutlara gore gerceklerin

organize olmasi ile olusur.

Sekil 2. Kar Tanesi modeli.

Gercek durum analizinde ortaya g¢ikabilecek sonuglar
boyut ve Ol¢ii arasindaki iliskiye ve veri ambari
semasina baglidir. Ihtiyaclara uygun boyut, 6lcii gibi
veri ambar1 nesneleri saptanir. Sekil 3 de liste fiyatinin
iirtin, model ve alt kategori boyutlarma gore analiz

edildigi cok boyutlu bir kiip sunulmustur.
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Liste Fiyat:

Model_id1
Model_id2
Model_id3

Model_id4

Uriin_id1

Uriin_id2 ~ Uriin_id4

Sekil 3. Cok boyutlu modelin kiip goriinimli sunumu.
Cift zamanh veri tabanlari

Tarihsel veri tabanlar1 veri tabani durumlari

nesnelerin olay zamani ekseninde saklar, ancak
nesnelerin sistemde yasadiklar1 degisikleri icermez.
Islem veri tabanlar1 sistem degisikliklerini saklar, ama
nesneler hakkinda zamansal bilgi icermez. Nesnelerin
zaman i¢indeki degisimleri hakkinda tam bilgi sahibi
olabilmek i¢in tarihsel ve islemsel veri tabanlarinin bir
arada kullanilmasi gerekmektedir. Cift zamanli veri
tabant bu gereksinimleri karsilar. Bdylelikle, ¢ift
zamanli veri tabanlari, gercek verilerinin degisimini

zaman iizerinde dogru bir sekilde ifade etmeyi saglar

(Ben-2vi, 1982; Golfarelli ve Rizzi, 2011).

Zamansal veri tabanlarinin uygulanmasinda ¢ok bilinen
iki yaklasim vardir. Bunlardan biri satir zaman
etiketlemedir ve birinci normal form iligkilerini kullanir
(INF). Bir digeri 6znitelik zaman etiketidir ve normal
form iliskilerini icermesi gerekmez. Satir zaman
iizerinde

etiketleme yaklasiminda zamanin satir

belirtildigi  durumlarda  Ozellikler —ayni anda
degismiyorsa, her bir Ozellik i¢in ayr1 bir tablo
olusturmak gerekir. Zamanla degismeyen dzellikler ise
bagka bir iliski ile gruplandirilir. Satirlara zaman etiketi
eklemek i¢in, dort tarihsel 6zellik satira eklenir. Satir
zaman etiketleme, geleneksel iliskisel veri tabanlarinin

tiim avantajlarindan faydalanir. Ancak zamanla degisen

her 6zellik igin ayr1 bir zaman bilgisi vardir ve ayr1 bir
iligki ile gosterilmelidir. Ornegin, iiriiniin liste fiyatinin
gecerlilik araligi, olay baslangic zamani (VT _LB) ve
olay bitis zaman1 (VT _UB) arasinda gecen stiredir.
Eger bir kayit su an gecerli ise VT_UB degeri ‘simdi’
(now) ye esittir. Buna ek olarak, gecmis ve su anda
gerceklesen veri tabani islemlerinin ilk islem zamani
(TT_LB) ve son iglem zaman1 (TT _UB) bilgileri de
tutulur. Tablo 1°de gorillen MBI iiriintiniin eski liste
fiyat1 1191.17°dir ve ilk islem zaman1 24.09.2002’dir.
MBI iiriiniiniin liste fiyat1 01.07.2002 tarihinde degisip
1226.9 oldugunda tabloya yeni bir satir eklenmistir.
Eski liste fiyat1 bilgisinin olay bitis tarihi ve son iglem
tarihi 01.07.2002 olarak degismistir. Yeni liste fiyati
bilgisinin ise olay baslangi¢ tarihi ve ilk islem tarihi
bilgileri 02.07.2002 olarak kaydedilmistir, yeni bilgi
gecerli olan bilgi oldugundan VT LB degeri simdiyi

(now) gostermektedir.

Oznitelik zaman etiketleme durumunda normal form
ozellikleri kullanilmaz ve zaman etiketleri 6zniteliklere
baglidir. Modellenen nesne ile ilgili tum bilgiler tek bir
satirda saklanabilir. Nesneye ait herhangi bir deger

degistiginde, yenilenmeden etkilenmeyen diger
degerlerin (Uriin adi, triin rengi gibi) tekrarlanmasi
gerekmez. Zamanla degisen ve degismeyen t i m
ozellikler bir buttun olarak tek bir tablo iginde

modellenebilir.

Cift zamanli atom (<iglem zamani, olay zamani, deger>)
olarak gosterilen ti¢ludir. <[VTI, VTu), [TTI, TTu), V>
formundaki ¢ift zamanh atomda, VT LB olay
baglangi¢ zamanini, VT UB olay bitis zamanini,
TT LB islem baslangi¢ zamanini, TT_UB islem bitisg
zamanini ve V nesne degeri olarak ifade edilir. Tablo

2’ deki ¢ift zamanl atom

{<[25.09.2001, 01.07.2002], [24.09.2001, 01.07.2002] ,
1191.17>,

<[02.07.2002, now], [ 02.07.2002, now], 1226.9>}
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Tablo 1. Satir Zaman Etiketli Cift Zamanli Yaklagim.

P. Name Color List Price VT_LB VT_UB TT_LB TT_UB
MB1 Black 1191.17 25.09.2001 01.07.2002 24.09.2001 01.07.2002
MB1 Black 1226.9 02.07.2002 now 02.07.2002 now
MB2 Yellow 120.43 18.10.2002 now 20.10.2002 now

MP Red 150 30.07.2002 now 01.08.2002 now
MA Black 35.89 18.10.2002 now 20.10.2002 now

MBI adli iriiniin veri tabanina 24.09.2001 tarihinde
yazildigini, efektif olay baglama zamaninin 25.09.2001
oldugunu belirtir. Yaklasik olarak on ay sonra,
01.07.2002 tarihinde yapilan bir islemle iiriiniin fiyati
1226.9’a  yiikseltilmigtir. Bir giincelleme islemi
yapildiginda, liste fiyat1 6zelligine yeni bir satir eklenir,

diger 6zelliklerde degisim olmaz.
Cift zamanl veri ambari1 modeli ve uygulamasi

Bu c¢alismada kullanilan veriler arastirma ve deney
amagli kullanilabilen Microsoft Adventure Works (AW)
veri tabanindan alinmistir. AW veri tabaninda bes farkl
modiill bulunmaktadir. Biz bu c¢alismada kendi
metodumuzu Production (Uriin) modiilii iizerinde
uyguladik. Uriin modiilii semasini 6znitelik zaman
etiketli ve normal formda olmayacak sekilde i¢ ice

tablolar halinde yeniden olusturduk.

AW vyapisimna uygun olarak, bazi tablolar gereksiz
tekrarlart onlemek igin kendileri ile iligkili tablolarin
i¢ine gomiildii. AW Uriin modiiliinde 25 tablo varken,
olusturdugumuz sistemde bu bilgilerin tamamini igeren

15 tablo bulunmaktadir.

Nesnesel iliskili veri tabani bize kullanici tarafindan
yeni tip (type) tanimlama imkani sunar. Sekil 4’de ¢ift
zamanli atom tipinin tamimlanmasini saglayan veri

tabanm1  sorgusu  sunulmustur. Tip bir kere

tanimlandiktan sonra, veri tabani i¢inde kendiliginden

gelen tipler gibi SQL sorgularinda kullanilabilir.

Kullanic1 tanimli tipler, tablonun tamamini olusturan
bir “veri tipi” olarak tanimlanabilir. Se¢me, ekleme,

silme gibi veri islemleri iligkisel veri tabani

tablolarindaki gibi yapilabilir. i¢ ice bir tablo ayni

tipteki elemanlarin olusturdugu sirasiz bir veri

koleksiyonudur. Ayrica i¢ ige tablolardaki 6zellik

sayisinda herhangi bir sinirlandirma yoktur.

CREATE TYPE BT_NUMBER AS (
VT_LB DATE,
VT_UB DATE,
TT_LB DATE,
TT_UB DATE,
VALUE NUMBER);

Sekil 4. Kullanict tanimli tip olarak ¢ift zamanl atom

BT NUMBER tanimlama.

AW veri tabanindaki tablo yapisi analiz edilip yeniden
dizayn Sekil 5’de  LISTPRICE,
PRODUCTSELL, ve PRODUCTCOST tiplerinin

edilmigtir.

siitun zaman etiketli ve yar1 yapili olusturulmasi igin
kullanilan sorgu bulunmaktadir. Bu ¢ift zamanl
tablolar sadece BT NUMBER’dan olusan tek 6zellikli
tablolardir.

CREATE TYPE LISTPRICE AS TABLE OF
BT_NUMBER,;

CREATE TYPE PRODUCTSELL AS TABLE OF
BT_NUMBER;

CREATE TYPE PRODUCTCOST AS TABLE OF
BT_NUMBER,

Sekil 5. Liste fiyatt (LISTPRICE) satirinin
BT NUMBER tipinde i¢ ige tanimlanist.
Kavramsal = modeller,  uygulamanin  kullanici

ihtiyaclarina en yakin sekilde tanimlanmasini saglar.
Kavramsal modeller tasarimci ve kullanici arasindaki

iletisimin kolaylagsmasini saglar [8].
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Tablo 2. Oznitelik Zaman Etiketli Cift Zamanl Yaklasim.

P. Name Color | List Price
MB1 Black {<[25.09.2001, 01.07.2002], [24.09.2001, 01.07.2002], 1191.17 >,
<[02.07.2002, now], [01.07.2002, now], 1226.9>}
MB2 Yellow | <[18.10.2002, now], [20.10.2002, now], 120.43>
MP Red <[30.07.2002, now], [01.08.2002, now], 150>
MA Black <[18.10.2002, now], [20.10.2002, now], 35.89>
TR Black | <[30.07.2002, now], [01.08.2002, now], 22.11>

(Hay Tablosu

BovulTablosy_ IPK 'r“l'“-“"II Tablosu

Hr-'_'l'nr?':lh.rr-'.x!r 2PK

BoyutTablosw 3PK Anahiar dznirelrk

child

Sevive (level) Tablosu

Anahltar azritelik

CHgekd parcl
CHpek2 Agiklama Agtklama 0,
= }
(iloekN 1
1.*
Oznirelik
Name:
T
| |
Zamransal olmayan Fanansal

Tip: int, char, string ...

Tip: BT_NMUMBER

Sekil 6. Cok boyutlu ¢ift zamanli veri ambarmin kavramsal modeli.

Onerilen ¢ok boyutlu, yar1 yapili veri ambar1 modeli

Sekil 6” de sunulmustur.

Bir olay tablosu li¢ veya daha fazla boyut tablosu ile
iligkilidir. Boyutlar bir veya birden ¢ok seviyeden
olusur. Boyutlarin ve seviyelerin anahtar ve agiklayici
alanlar1 vardir. Ozellikler adlar1 int, real, varchar gibi
veri tipleri ile ifade edilir. Seviyelerdeki 6zellikler i¢in
¢ift zamanlilik, ¢ok 06zellikli olarak tanimlanan
BT _NUMBER veri tipi ile saglanir. En az bir zamansal
seviyesi olan seviyeler zamansal seviyelerdir. En az bir
zamansal seviye iceren boyutlar zamansal boyutlardir.

Seviyeler ve boyutlar i¢ ice tablo olarak saklanan

birgok zamanla degisen 6zellik barindirabilir.

AW veri tabanini analiz ettikten sonra, bes farkl kiip

dizayn edilmistir.

Sekil 5’de LISTPRICE, PRODUCTSELL, ve
PRODUCTCOST tiplerinin siitun zaman etiketli ve

olusturulmasi ic¢in kullanilan

yapilt
bulunmaktadir.

BT NUMBER’dan olusan tek 6zellikli tablolardir.

yarl sorgu

Bu ¢ift zamanhi tablolar sadece

Kavramsal ~ modeller,  uygulamanin  kullanici
ihtiyaglarina en yakin sekilde tanimlanmasini saglar.
Kavramsal modeller tasarimci ve kullanict arasindaki
iletisimin kolaylasmasmi saglar [8]. Onerilen ¢ok
boyutlu, yar1 yapili veri ambar1t modeli Sekil 6° de

sunulmustur.

Bir olay tablosu ii¢ veya daha fazla boyut tablosu ile
iligkilidir. Boyutlar bir veya birden c¢ok seviyeden
olusur. Boyutlarin ve seviyelerin anahtar ve agiklayici
alanlar1 vardir. Ozellikler adlar int, real, varchar gibi
veri tipleri ile ifade edilir. Seviyelerdeki 6zellikler igin
cift zamanlilik, c¢ok ozellikli olarak tanimlanan
BT_NUMBER veri tipi ile saglanir. En az bir zamansal
seviyesi olan seviyeler zamansal seviyelerdir. En az bir

zamansal seviye i¢eren boyutlar zamansal boyutlardir.
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Seviyeler ve boyutlar i¢ ige tablo olarak saklanan bir

¢ok zamanla degisen 6zellik barindirabilir.

AW veritabanin1 analiz ettikten sonra, bes farkli kiip

dizayn edilmistir. Bunlar; Product, ProductListPrice,

ProductCostHistory, = ProductCost  History2Dim,
ProductListPrice2Dim ve Workorder_Order-Qty isimli
kiiplerdir.  Sekil 5 de  gosterilen  Cube
Product_ListPrice gergek tablosundaki,

D1_Unitmeasure, D2_Subcategory ve D3_Product

MDC ozellikleri boyut tablolar: ile iliski kurmaya

yarayan  Ozelliklerdir, BT NUMBER tipindeki
LISTPRICE &zelligi ise 6l¢ii degerini saklar.
Cube Product ListPrice kiipi; Dim_Model,

Dim_UnitMeasure ve Dim__ Subcategory olmak {izere

Cube Product ListPrice
LISTPRICE LISTPRICE

D1_UNITMEASURE VARCHAR2(3 BYTE

DIM_MODEL
DIMENSION_KEY NUMBER NOT NULL ENARLE

MODEL_MIN_COST BT_NUMEER

MOOEL_ID NUMBER(ED)
MODEL_NAME VARCHAR2(S0 BYTE)

MODEL_MDFYDATE DATE
MODEL_NUMBER ET_NUMEER

DESCRIPTION_ID NUMBER(80

DESCRIPTION_
LONG_DESCV 0 8YTE)
CULTURE_ID NUMBER(S0)
CULTURE_NAME VARCHAR2(S0 BYTE)
IDVARCHAR VARCHAR2(6 BYTE)

" M ATEGORY

ii¢ boyuttan olusmustur. Dim_Model boyut tablosunda,
Dimension Key o&zelligi birincil anahtardir ayrica
BT_NUMBER veri
Model Number  adinda  iki

tipinde Model _Min_Cost ve

ozellik  igerir.

Dim_UnitMeasure tablosunda Unitmeasure Id 6zelligi

birincil anahtardr BT NUMBER veri tipinde

Unitmeasure Number ozelligi bulunur.
Dim_Subcategory boyut tablosunda Dimension_Key
Ozelligi  birincil  anahtardir, bunun yaninda
BT_NUMBER tipinde Subcategory Min_Cost 6zelligi
bulunur. Dim_Subcategory boyutunda iki seviye vardir.
Sekil 7 de goriildiigii gibi Subcategory isimli seviyede
BT NUMBER veri tipinde Subcategory Number adli,
Category isimli seviyede ise Category Number adli

Ozellikler bulunur.

DIM_UNITMEASURE

UNITMEASURE_IDV

UNITMEASURE_NA
UNITMEASURE

UNTMEASURE_NUMBEZR BT_NUMBER

DIMENSION_KEY NUMBER NOT NULL ENABLE

«— | LEVEL SUBCATEGORY
SUBCATEGORY_MIN_COST BT_NUMBER ——

SUBCATEGORY_ID NUMBER
SUBCATEGORY_NAME VARCHAR2(SO BYTE}
SUBCATEGORY_MOFYDATE DATE
SUBCATEGORY NUMBER BT NUMBER

f

LEVEL CATEGORY

CATEGORY_ID NUMBER
CATEGORY_NAME VARCHARZ{30)
CATEGORY_MDFYDATE DATE
CATEGORY_N U;I» BER BT_NUMBER

Sekil 7. Cube Product_ListPrice tablosunu baz alan kar tanesi semasi.

Gerekli veri ambari nesneleri Warehouse Builder araci
ile olusturulmustur. Veri ambar1 diizenli bir sekilde
olusturulduktan sonra, sira bu nesnelerle saklanacak
verileri, veri tabanindan c¢ekilen verilerle eslemeye
gelir. Warehouse Builder aracinin iginde veri eslemeyi
saglayan “Mapping” ad1 verilen bir arag vardir. Bu ara¢
veri tabanindaki verileri alir ve hedef veri ambari
depolama alanina diizeni bozmayacak sekilde aktarir.

Esleme aracinda veri ambarmna aktarilacak verileri

diizenlemek i¢in, ¢cok boyutlu nesnelerin ve veri tabani
nesnelerinin siiriiklenip birakilabildigi bir tasarim ara
yiizi vardir. Verileri islemek igin gerekli her tiirlii
bilesen, bilesen paletinde bulunur. Veri esleme bilesen

paleti Sekil 8 de gosterilmektedir.

Sekil 9 da 6rnek bir esleme diyagrami gosterilmistir.
PRODUCT?2 veri tabami tablosu ic¢indeki veriler, sag
taraftaki kiip tablosuna eslenmigtir. Veri ambari

nesnelerinde alanlar direkt olarak i¢ ice tipte
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tanimlanamaz. Veri tabaninda tamimli i¢ ice bir tip olan
BT_NUMBER tek bir alanda tutulabilirken, veri
ambarinda BT NUMBER’1 olusturan her bir 6zellik
<VT_LB, VT_UB, TT_LB, TT_UB, VALUE> ancak
ayr1 birer alanda tutulabilir. Veri ambari altyapis1 heniiz
ne yazik ki i¢ ige tipleri kabullenmeye hazir degildir.
Bu sebeple veritabanindaki tablolarinda i¢ ige tipteki
alanlarin, veri ambar1 nesneleri ile eslenirken, bazi
islemlerden ge¢mesi gerekir. Esleme ara yiiziinde
bulunan genisleme nesnesi (Expand Object), i¢ ice
tipleri giris, ic ice tiplerin i¢indeki her bir alan1 ise ¢ikis

degeri olarak diizenler.

]

|Data SourcesiTargets 5 |
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Sekil 8. Veri esleme bilesen paleti.
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Sekil 9. Ornek bir esleme tasarim sayfasi.
Cift zamanlh veri ambari sorgulari

Sunulan modelin uygulanabilirligini géstermek adina;
ayni sonucu veren sorgular, hem iligkisel veritabani
nesnelerini kullanarak, hem de ¢ok boyutlu ¢ift zamanl
veri ambari nesnelerini kullanilarak calistirilmustir.
Sorgular belirli zaman araliklarinda altisar kez
calistirllmis ve bu alti g¢aligirmanin ortalamasi
alinmustir. Sekil 10 da ti¢ farklh sorgu igin, ortalama
sorgulama zamanlar1 listelenmistir. Sorgu 3 iin diger
sorgulardan daha uzun siirece galistig1 agik bir sekilde
gozlemlenmektedir. Bunun sebebi, Sorgu 3’lin veri

cektigi tablonun kayit sayisinin fazla olmasidir.

Sorgu 1: Kategorilere, alt kategorilere ve yillara gore

ortalama bisiklet fiyatlar1 nedir?

D1_UNTMEASURE %
D2 SUBCATEGOD... ™y
D4_PRODUCTMDC

=]
£

= o

g : IE C_LISTPRICE 3DIM TAB 4

@ » 5 BINOUTGRP! =

% » LISTPRICE y
* YT_LB >
» VT_UB >
+ TT_LB B
» TT_UB >
* PRODUCT_ID ny o
» %
* >
* S

Ayni1 sonucu veren sorgular Tablo 3’te gosterildigi gibi
iki farkli ortamda yazilmistir. Veri ambar1 sorgusu
elde edebilmek igin
CUBEPRODUCTLISTPRICE kiip tablosundan veri

sonucu

almaktadir, ayrica her biri farkli bir smirlandirma
iginde olmak iizere iki tane i¢ ige sorgu igerir. fliskisel
veritabani sorgusu ayni sonucu elde edebilmek igin,
dort farkl tablodan veri ¢eker ve bu tablolart birbiri ile
iliskilendirebilmek i¢in ii¢ farkli siirlandirma kosulu

igerir.

Sorgu 2: Modellere gore ortalama bisiklet fiyatlari

nedir?
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Tablo 3. Sorgu 1, Veri ambar ve iligkisel veri tabani nesneleri ile

Veri Ambari:

FROM CUBEPRODUCTLISTPRICE

ORDER BY DIM_SUBCATEGORY_KEY;

SELECT VT _LBVT UB,TT_LB,TT_UB,ROUND(AVG(LISTPRICE),2),

(SELECT CATEGORY_NAME FROM DIM_SUBCATEGORY

WHERE DIMENSION_KEY= DIM_SUBCATEGORY_KEY) CATEGORY NAME,
(SELECT SUBCATEGORY_NAME FROM DIM_SUBCATEGORY

WHERE DIMENSION_KEY= DIM_SUBCATEGORY_KEY) SUBCATEGORY_NAME

GROUP BY VT _LB,VT_UB,TT_LB,TT_UB,DIM_SUBCATEGORY_KEY

Iliskisel Veri Tabam:

WHERE PLP.PRODUCTID=P.PRODUCTID AND

SELECT STARTDATE AS VT_LB, ENDDATE AS VT_UL, PLP.MODIFIEDDATE AS TTLB,
PLP.MODIFIEDDATE AS TT_UB, PC.NAME AS CATEGORY_NAME,

PSC.NAME AS SUBCATEGORY_NAME, AVG(PLP.LISTPRICE)

FROM PRODUCTION.PRODUCTLISTPRICEHISTORY PLP, PRODUCTION.PRODUCTSUBCATEGORY PSC,
PRODUCTION.PRODUCT P, PRODUCTION.PRODUCTCATEGORY PC

PSC.PRODUCTSUBCATEGORYID=P.PRODUCTSUBCATEGORYID AND
PC.PRODUCTCATEGORYID=PSC.PRODUCTCATEGORYID
GROUP BY STARTDATE,ENDDATE,PLP.MODIFIEDDATE,PC.NAME,PSC.NAME;

Veri ambar1 sorgusu sonucu elde edebilmek igin
CUBEPRODUCTLISTPRICE kiip tablosundan veri
almaktadir, ayrica bir tane i¢ ice sorgu igerir. iliskisel
veri tabani sorgusu ayni sonucu elde edebilmek igin, {i¢
farkli tablodan veri ¢eker ve bu tablolar1 birbiri ile

iligkilendirebilmek i¢in iki farkli sinirlandirma kosulu

igerir. Veri ambari sorgusu bir tablodan veri ¢ekerken,
iliskisel veri tabani sorgusu ii¢ farkli tablodan verileri
¢ekmek icin daha fazla baglanti ve arka planda daha
fazla islem yapmaktadir. Ayni sonucu veren sorgular

Tablo 4’te gosterilmektedir.

Tablo 4. Sorgu 2, Veri ambari ve iliskisel veri taban1 nesneleri ile

Veri Ambari:

ORDER BY DIM_PRODUCTMDC_KEY;

SELECT ROUND(AVG(LISTPRICE),2), (SELECT MODEL_NAME FROM DIM_MODEL
WHERE DIMENSION_KEY=DIM_PRODUCTMDC_KEY) MODEL_NAME
FROM CUBEPRODUCTLISTPRICE GROUP BY DIM_PRODUCTMDC_KEY

iliskisel Veri Tabam:

PRODUCTION.PRODUCT P

SELECT STARTDATE AS VT_LB, ENDDATE AS VT_UL, PLP.MODIFIEDDATE AS
TTLB,PLP.MODIFIEDDATE AS TT_UB, PM.NAME AS MODEL_NAME,AVG(PLP.LISTPRICE)
FROM PRODUCTION.PRODUCTLISTPRICEHISTORY PLP, PRODUCTION.PRODUCTMODEL PM,

WHERE PLP.PRODUCTID=P.PRODUCTID AND PM.PRODUCTMODELID=P.PRODUCTMODELID
GROUP BY STARTDATE,ENDDATE,PLP.MODIFIEDDATE,PM.NAME;

Sorgu 3: Is emirlerini, kategori ve alt kategoriye gore

artan sira ile listeleyiniz.

Veri ambart sorgusu sonucu elde edebilmek igin
CUBE_WORKORDER ORDERQTY kiip
tablosundan ve DIM_PRODUCT boyut tablosundan

veri almaktadir. Bu tablolar iligkilendirmek i¢in bir
tane smirlandirma kosulu icerir. iliskisel veri tabani
sorgusu ayni sonucu elde edebilmek igin, dort farkli
tablodan veri c¢eker ve bu tablolart birbiri ile
iligskilendirebilmek i¢in ii¢ farkli siirlandirma kosulu

igerir. Yazilan sorgular Tablo 5’ta gosterilmektedir.
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Tablo 5. Sorgu 3, Veri Ambari ve iliskisel Veritabani Nesneleri ile

Veri Ambari:

ORDERQTY,DIM_PRODUCT.CATEGORY_NAME,

SELECT MAX(CUBE_WORKORDER_ORDERQTY.VALUE)

DIM_PRODUCT.SUBCATEGORY_NAME, DIM_PRODUCT.PRODUCT_NAME

FROM CUBE_WORKORDER_ORDERQTY, DIM_PRODUCT

WHERE DIM_PRODUCT.DIMENSION_KEY= CUBE_WORKORDER_ORDERQTY.DIM_PRODUCT_KEY
GROUP BY DIM_PRODUCT.CATEGORY_NAME, DIM_PRODUCT.SUBCATEGORY_NAME,
DIM_PRODUCT.PRODUCT_NAME ORDER BY DIM_PRODUCT.CATEGORY_NAME
DIM_PRODUCT.SUBCATEGORY_NAME,DIM_PRODUCT.PRODUCT_NAME

iliskisel Veri Taban:

CATEGORY_NAME, P.NAME PRODUCT_NAME

WHERE P.PRODUCTID=WO.PRODUCTID AND

GROUP BY PS.NAME, PC.NAME, P.NAME
ORDER BY ORDER_QTY DESC

SELECT MAX(WO.ORDERQTY) ORDER_QTY, PS.NAME SUBCATEGORY_NAME, PC.NAME

FROM PRODUCTION.WORKORDER WO, PRODUCTION.PRODUCT P,
PRODUCTION.PRODUCTSUBCATEGORY PS, PRODUCTION.PRODUCTCATEGORY PC

P.PRODUCTSUBCATEGORYID=PS.PRODUCTSUBCATEGORYID AND
PS.PRODUCTCATEGORYID=PC.PRODUCTCATEGORYID

Cok boyutlu ¢ift zamanli model kullanici tanimli
tiplerle ve i¢ ige baglantilarla tasarlanmistir; bu nedenle
veri ambarinda sorgular ayni isi daha az tablo
kullanarak yapabilir. Diger taraftan iliskisel veri tabani
sorgularini isletmek igin ¢ok sayida tablodan veri
cekilir ve bu tablolar1 birbiri ile iligskilendirmek igin
anahtar iligkiler belirlenir. Sonug¢ olarak, yapilan
Olciimlerde iligkisel veri tabani sorgularinin ayni igi

yapabilmek i¢in daha ¢ok zaman harcadiklart tespit

edilmis ve Sekil 10 da elde edilen degerler sunulmustur.

Ayrica ilging bir sekilde, ¢ok boyutlu modelin

olusturdugu tablolar segmentlerde 11,392KB yer
kaplarken, iligkisel veri tabani tablolar1 34.688KB yer
kaplamaktadir. Bu ikinci yaklagimin {i¢ kat daha fazla
bellek alani gerektirdigini ifade eder ki bu oldukca

biiyiik bir rakamdir.
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Sekil 10. Sorgular i¢in yiiriitme zamanlari.

Sonuc¢

Veri ambart; misteri iligkileri yonetimi sistemleri
(CRM-customer relationship management), kiiresel e-
ticaret kuruluslari, tedarik zinciri yonetimi (SCM-
supply chain management), kurumsal kaynak planlama
sistemleri  (ERP-enterprise  resource  planning),
kurumsal bilgi portallari, strateji yonetimi ile yakindan
iligkilidir. Giin gectikge veri ambari adi gegen

sistemlerin ayrilmaz bir parcast haline gelmektedir.

Bu ¢alisma, olay ve islem zamanlarini 6znitelik zaman
etiketleme yoOntemiyle veri ambarma uygulanmasini
aciklar ve deneysel 6rnek modelin uygulanabilecegini
gosterir. Model hem olay hem de islem zamanlariin
ambarlarinda  kullanilacagini

veri gostermektedir.

Ayrica, degisen dinyamizin degisen bilgilerini
modelleyerek veri degerlerini eylemler ile birlestirir ve
eylemlerin ne zaman gegerli oldugunu belirtir.

Dolayisiyla  veri  degerlerinin  ge¢misini  ve

degisimlerinin  biitlin dokiimiinii saglar. Gergek
diinyay1 eksiksiz ve diizgiin modelleyebilmek i¢in her

iki zaman boyutu da gereklidir.

Onerilen modelin uygulama performans hakkinda fikir

edinmek i¢in farkli sorgular caligtirdik. Sonuglar
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sunulan modelin yalin veri tabani1 uygulamasindan daha
iyi sonu¢ ve daha iyi performans ortaya koydugunu

gosteriyor.

Birgok firma daha etkili ve hizli raporlama i¢in veri
ambari teknolojilerini kullanmaktadir. Oznitelik zaman
etiketli ¢ift zamanli yaklasim daha az birlestirme
deyimi kullanir ve arka planda daha az islem yapar. Bu
nedenle performansi daha

iyidir.  Yaptigimiz

calismanin  veri ambart  ¢aligmalarina  zemin

hazirlamasini umut etmekteyiz.
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