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A Novel Approach to Improve the Performance
of the Database Storing Big Data with Time
Information

Murat Tasyurek

Abstract— Big data is defined as data sets that are too large
and/or complex to be processed by classical data processing
methods. Big data analysis is essential because it enables more
competent business movements, more efficient operations, and
higher profits by using the data of institutions and organizations.
However, large data sets are difficult to analyze because they are
produced quickly, require large storage areas in computer
systems, and the diversity of their data. In this study, a new
approach using the denormalization method is proposed to
accelerate the response time of the database in database systems
where large volumes of data containing historical information are
stored. Denormalization is defined as the process of adding rows
or columns that are not needed to increase the reading
performance of the database to the database system that has been
normalized. In the proposed approach in this study, a large-
volume data set consisting of real spatial data belonging to
Kayseri Metropolitan Municipality (KBB), containing temporal
information and having approximately 96,000,000 row records,
was used. In the proposed approach, the response time of the
query is accelerated by recording the time information as
numbers to increase the query performance of large volumes of
data recorded in date format due to the temporal query process.
The performance of the proposed method is compared with the
performance of the normalization method using actual data on
Microsoft SQL Server and Oracle database systems. The method
proposed in the experimental evaluations shows that it works
approximately eight times faster. In addition, the experimental
results showed that the proposed method improves query
performance more than the normalization-based method as the
data size increases.

Index Terms— Database performance, Denormalization, Large
valume data, Temporal query.

. INTRODUCTION

ITH THE widespread use of technology, data with
different attributes are formed in many application
areas [1]. For instance, data sent by smartphones and sensors,
surveys, publicly shared comments (images, videos) on
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websites are data with different attributes [2]. If data is
produced quickly, needs large storage areas, or consists of data
with various features, it shows big data characteristics [3]. Big
data is defined as data sets that are too large and/or complex to
be processed by classical data processing methods [4]. Big
data is usually stored in databases and analyzed using software
specifically designed to handle large and complex data sets
[5]. Big data analysis is vital because it enables more
competent business movements, more efficient operations, and
higher profits by using the data of institutions and
organizations [6]. However, large data sets are difficult to
analyze because they are produced quickly, require large
storage areas in computer systems, and the diversity of their
data [7].

The data production rate, size (volume), and diversity of big
data do not mean anything on their own [8]. For the data set to
be useful or usable, it must be transformed into information
using various techniques. To analyze the data, it must be saved
in a file or database system in a specific format. Database
systems are widely used because they are designed to easily
organize, store and retrieve large amounts of data [9]. The
normalization method known as relational database theory is
used in database design [10]. Normalization, also known as
parsing, parses a table consisting of many columns and rows
into subsets with fewer rows and columns to avoid duplication
[11]. However, the increase in the number of records and
tables in the database increases the response time of the
database. To accelerate the response time of the database
system to the queries, the process of accelerating the response
time of the database by adding rows or columns that are not
needed after the normalization process in the database design
is defined as denormalization [12, 13]. In this study, a new
denormalization-based method was proposed to accelerate the
analysis of the data stored in the relational database, which
consists of actual spatial data belonging to the KBB, contains
time information, approximately 96,000,000 row records. In
this study, the performance of the proposed novel approach is
compared with the performance of the normalization-based
method by storing the actual data in Oracle and MS SQL
database systems.

A. Contributions

e In this study, a new approach is proposed to improve
the performance of database querying in which large
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volumes of data containing time information are
stored.

e The performance of the proposed approach is
compared on MS SQL and Oracle database systems
using actual data from KBB.

B. Scope and Outline

e The main purpose of this study is to develop a new
query technique for large databases containing space
and time information with fast growth and large
volume. For this reason, examining other features
such as the variety that make up big data is out of the
scope of this study.

In the following parts of this study, a literature review is
presented, problems and approaches are introduced, the results
of the experiments are discussed, and the results are shared.

Il. RELATED WORKS

A database is an organized system of structured information
and/or data stored digitally (electronically) in computer
systems [14]. Database systems are widely used because they
make it easy to access, manage, modify, update, control, and
organize data [15]. To use these features of the database
system and to work quickly, table designs must be created in a
certain order. To ensure data integrity in the database system,
dividing the data into sub-tables and to save them relationally
is defined as normalization. However, as the number of tables
and data increases in database systems, the response times of
the queries used to extract information from the database get
longer. To speed up the search process in database systems,
indexing the searched columns using one of the indexing
methods provided by the relevant database system is a widely
used technique [16, 17]. However, since the indexing process
requires a lot of storage space in computer systems, it cannot
be used in cases where the storage space is limited. On the
other hand, Online Analytical Processing (OLAP) method is
an additional software technology that provides information
by combining, grouping, or combining the attributes in
databases and is used for rapid extraction of information from
database systems [18, 19]. The denormalization method,
known as accelerating the response time of the database by
adding rows or columns that are not needed in the database
system, is used instead of the OLAP system, which requires
additional costs [20]. The denormalization method is a widely
used technique to improve the performance of the database
system [21-24]. On the other hand, NoSQL database systems,
which have flexible schemas for modern applications and are
specially designed for certain data models, have become
widespread due to their practical use, ease of development,
and performance [25, 26]. NoSQL databases use different data
models, including graph, key-value, document, in-memory
search [27]. On the other hand, NoSQL databases are designed
for various data access patterns involving low latency
applications [28, 29]. For this reason, NoSQL database
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systems are not preferred in cases where low latency is
important.

In addition, many devices that make up the transportation
system are constantly generating data. For this reason, the data
obtained from the devices used in the transportation system is
considered big data. Special solutions need to be developed to
overcome the problems running in the transport system. For
example, Vela et al. [30] focused on the problem of designing
the NoSQL document database with which to manage the
information concerning accessible routes obtained by means
of crowdsourcing techniques. Asaithambi et al. [31] proposed
the microservice oriented big data architecture incorporating
data processing techniques, like predictive modelling for
achieving smart transportation and analytics microservices
required towards smart cities. Gonzalez et al. [32 investigated
into the testing of transactional services in NoSQL databases
in order to test and analyses the data consistency by taking
into account the characteristics of NoSQL databases for
efficiency and velocity.

In this study, a new approach is proposed to overcome the
problem of low latency in NoSQL database systems and to
additional costs of OLAP systems, and to improve the date-
based filtering and sorting performance of large volumes of
spatial data containing time information.

I1l. APPROACHES

A. Basic Problem

The problem arose in keeping and analyzing the location
information of the movements of the vehicles operating in the
KBB public transportation system. In the KBB public
transportation fare collection system, payments are made by
considering the number of kilometers traveled by the vehicles
along the route. However, traffic density, etc. Due to the
reasons, the start and end times of the flights do not fully
comply with the planned departure times. On the other hand,
some of the delays during the voyage hours are caused by
errors or omissions caused by the driver. Whatever the reason,
it is vital to detect and solve the problem since the delays in
the public transportation system affect the citizens using this
system. To analyze a voyage in the public transport system,
the locations sent by the vehicle before the start time of the
journey, the locations sent during the trip, and the location
information sent after the end time of the voyage can be
determined together. To carry out this analysis, the location
information (latitude and longitude), line information, speed,
vehicle side number, and time information sent by the vehicles
working in the public transportation system were recorded in
the database system used by the KBB using the normalization
method. In Fig. 1, the voyage start time, voyage duration,
number of passengers carried, end time, and location
information sent along the route of a vehicle with side number
387 operating on route 563 belonging to the KBB
transportation system are presented on the map. The icons
shown in Fig. 1 represent the following meanings:
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Route 1D : 563

Vehicle 1D: 337

Number of Passengers: 297
Time : 31.12.2020 13:33:56

Fig.1. Display of vehicle location information on the map

o '@ : The map equivalent of the GPS position sent by
the transportation vehicle

. O: Bus station
e —: Line route
o [\ Direction of line route

When the map layer and icons presented in Fig. 1 are
examined in detail, it is seen that the bus with side number 387
is on the route of line 563. However, when it is desired to
explore the accuracy and details of the voyage start and end
times of the relevant vehicle, it is necessary to examine the
locations it has sent before the route starts, instead of only the
locations it sends along the route. In this case, the locations
sent by the vehicle according to the vehicle side humber and
time information can be queried from the database system, and
information about the vehicle can be obtained as a result of
examining the relevant records on the map.

B. Normalization Based Approach

In database systems, the normalization process is defined as
parsing a table with too many rows and columns into subsets
of fewer rows and columns to eliminate repetitions [33, 34].
The  structure of the  database table called
VEHICLE_LOCATION, which is created as a result of the
Normalization process for the bus side number, line number,
time information up to the second detail, point location
information consisting of latitude and longitude values, the
number of passengers in the vehicle and the speed information
of the vehicle sent by the vehicles belonging to the KBB
public transportation system. It is presented in Table I.

TABLE |
Information of VEHICLE_LOCATION Table

Column Column description Data type
name
Vehicle Side number to distinguish Integer
ID vehicles from each other
Number of the route where
Route ID L . Integer
the vehicle is running
Date of Sending time of GPS -
data location information Date time
. Point position of the vehicle .
Location (latitude and longitude) Geometry (point)
Number of | Total number of passengers
h : Integer
Passengers in the vehicle

VEHICLE_LOCATION table presented in Table | is a
database table where the information sent instantly by all
vehicles working in the public transportation system is stored.
Queries run for analysis operations work on this table. For the
voyage information presented in Fig. 1, the query sentences
for MS SQL and Oracle database systems, which show all the
information sent by the vehicle 10 minutes before and 10
minutes after the voyage, in chronological order and run in the
table created with the normalization process, are shown in Fig.
2 (a) and 2 (b), respectively. In the query shown in Fig. 2 (a)
and 2 (b), since the text expression to date field conversion
functions of MS SQL and Oracle database systems and the
parameters taken by the functions are different, the results of
the queries are the same, but the query sentences differ from
each other. In the MS SQL database system, the convert
function is used to convert the text expression to date format,
and the to date function is used in the Oracle database system
[35]. In the MS SQL database system, the expression 120 in
the convert function means “yyyy-MM-dd hh:mm:ss”.
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SELECT * FROM VEHICLE LOCATION
WHERE Vehiclel[s=
AND (DateOfData BETWEEN
CONVERT (DATETIME, ' ; *h
)
AND
CONVERT (DATETIME, ' A7
)
)
order by DateOfData

(a) MS SQL temporal query

SELECT * FROM VEHICLE LOCATION

WHERE VehiclelD=
AND (DateOfData BETWEEN
TO_DATE (DATETIME, ' : e
)
AND

TO_DATE (DATETIME, p

)
order by DateCf

Jata

(b) Oracle temporal query

Fig.2. Temporal query

In the queries shown in Fig. 2 (a) and 2 (b), “yyyy” includes
year information, “MM” shows month information, “dd”
shows day information, “hh” “HH24” show hour
information, “mm” - “MI” show minute information, and “ss”
shows seconds.

Although an index was created for the Vehicle ID and date
fields of the VEHICLE_LOCATION table, which was created
as a result of the normalization process in MS SQL and Oracle
database systems, the running time of the queries presented in
Fig. 2 (a) and 2 (b), which were run for the analysis of the
public transport system, did not decrease at the desired level.
Therefore, a novel approach has been proposed to speed up the
running time of the query run with the normalization method
and, therefore, to reduce the response time of the queries run
for public transport system analysis operations.

C. Proposed Novel Approach

Accelerating the response time of the database by adding
rows or columns that are not needed to a database system that
has been normalized is defined as denormalization [22, 23].
As a result of the normalization processes, the database table
described in detail in Table I was created, and the queries
presented in Fig. 2 (a) and 2 (b) were run on this table.
However, since the response time of the queries is very long,
the analysis process takes longer. To overcome this problem, a
new column of digit data type named Date Number has been

CREATE OR ALYER PUNCTION ([dbo].[FN (BER] {#Time DATETINE)
Returns
A3
BEGIN
Declare Hiumber v varchar(. ')
Declare H:
E2CIN
SBY Hnumber of = goavert{varchar, "Tine, | ¢ comvert(
varchar, #nunber of Time, )
SBY Hnumber ine=REPLACE [Anunber of Yime, R |
SEY HremaltNamt = convert (bigint , Wnurb=r af Tine)
END
return ¢resultNunber

(a) Function to convert MS SQL date format to numeric value

added to the database table presented in Table I as part of the
denormalization process. In the new column called
Date Number, it is suggested to keep the numerical equivalent
of the date-time data format in the Date field. To convert date
fields to numeric values, the functions are shown in Fig. 3 (a)
and 3 (b) created for MS SQL and Oracle databases systems,
respectively.

When only a new record is added to
VEHICLE LOCATION table, the date field is converted to
numeric values using these functions and recorded in the
Date Number field. The numeric value of the date field in the
format YYMMDDHH24MISS was created by only two digits
of the year information YY, the month information MM, the
day information DD, the hour information HH24, the minute
information MI and the second information SS. The query of
the denormalization-based method is presented in Fig. 4.

The query presented in Fig. 4 shows the query format
shown in Fig. 2 (a) and 2 (b) converted to MS SQL and
Oracle databases after denormalization. In the query shown in
Fig. 4, the Date Number field created after the
denormalization process is used instead of the date field.
Filtering and sorting are done according to the Date Number
field, a number field, instead of a date field. As in the
normalization method, an index is created for the
Date Number field in the denormalization-based method.

crease or replace fumction PN IWTE AS WIOMGER( DRTE ) RETURN NUMEER

15
NUMBER

= varchar? ( ) =

:= to chari{f

JI1to char( |

| |2o_char( X M
to_char{

to char|(
)| to_chaz(F DAT )
»to nusber|

RETURN ¢

(b) Function to convert Oracle date format to numeric value

Fig.3. Function to convert date format to numeric value
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SELECT * FROM VEHICLE LOCATION
WHERE VehiclelD=s
AND (Date Number BETWEEN

FN DATE AS NUMBER ( ")
AND
FN DATE AS NUMBER ( ")
)
order by Date Number

Fig. 4. Query of the proposed method

IV. EXPERIMENTAL EVALUATIONS

This study was carried out using the actual data of the
vehicles working in the KBB public transportation system for
December 2020. In Table II, the number of records of the
entire data sets obtained from the KBB and the storage areas
occupied by this data. In the KBB public transportation
system, the communes sent by the vehicles for a month consist
of 96,000,000 data sets. These data, which are sent instantly
by hundreds of vehicles on a per-second basis, show big data
characteristics because they are sent continuously and take up
a lot of memory. Furthermore, since there is latitude and
longitude information in the incoming data and it is known at
which point the vehicle is on the geography, this data is also
spatial data. Also, the data set is temporal since a vehicle
sends data continuously at certain time intervals. Thus, the
data set stores the historical data of the vehicles together with
the time information.

TABLE Il
DATA SETS
Sequence Record Count Size (megabyte)
1D
1 100,000 551
2 250,000 1,380
3 500,000 2,765
4 1,000,000 5,546
5 2,000,000 11,136
6 3,000,000 16,815
7 4,000,000 22,622
8 5,000,000 28,595
9 10,000,000 57,647
10 15,000,000 87,508
11 20,000,000 118,428
12 25,000,000 150,640
13 30,000,000 184,383
14 40,000,000 250,638
15 50,000,000 320,316
16 60,000,000 393,989
17 70,000,000 472,260
18 80,000,000 555,784
19 90,000,000 645,265
20 96,000,000 712,803

Experimental evaluations sought answers to the following
questions:
e What are the runtimes of normalization based and
recommended approaches on incremental data set in
MS SQL database?
e What are the runtimes of normalization based and
recommended approaches on incremental data set in
Oracle database?
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To evaluate the performance of the methods in the
experimental evaluations, the queries detailed in Fig. 2 (a), 2
(b) and 4 were run for 20 different vehicles operating in the
KBB public transport system, and the average times were
examined as the working time the methods. The experiments
in this study were carried out on a desktop computer with Intel
i7 11700 2.5GHz (8 Core), 32 GB Ram, 4 GB QUADRO
graphics card, 2 TB SATA DISK, and Windows 10 Pro
operating system installed.

A. Running Times of Methods in MS SQL Database System

In this experiment, the normalization and the result of the
proposed method were examined in the MS SQL database
system using the data sets detailed in Table II. In Table III, the
working times of the methods are presented in seconds, and in
Fig. 5, the operational times of the methods are examined in
minutes. As the number of records in the data set increases,
the working time of the methods increases.

TABLE IlI
RUN TIMES OF METHODS IN MS SQL DATABASE SYSTEM

Sequence Normalization Based Proposed Method

ID Method (millisecond) (millisecond)
1 3 3
2 5 4
3 12 10
4 28 15
5 64 26
6 90 32
7 161 64
8 254 118
9 584 240
10 874 270
11 1,175 310
12 1574 340
13 1,807 390
14 2,400 430
15 3,101 466
16 3,751 524
17 4,400 572
18 5,027 604
19 5,913 722
20 6,215 809

When Table III and Fig. 5 are examined in detail, there is
almost no difference between normalization and
denormalization methods up to 1,000,000 data sets. However,
in cases where the data set has more than 10,000,000 rows of
records, the response time of the query run with the
normalization method exceeds a second. If the size of the data
set is 96,000,000, the response time of the normalization-
based method is over 6 seconds, which is a very long time for
a system that works in real-time and is analyzed instantly. On
the other hand, as the size of the data set increases, the
working time of the normalization-based method increases
much more than the proposed method. Although the proposed
method's performance increases as the data set's size increases,
a linear increase cannot be observed. The proposed method
can run analysis queries in a very short time frame, such as 0.8
seconds, even in the worst case where the data set has
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96,000,000 records. When the queries shown in Fig. 2 (a) and
Fig. 4 are examined in detail, not only filtering but also sorting
is performed. In the denormalization-based method, although
it is not needed in the database design, the Date Number
column is added. The data in the Date column is converted to
number format with the function presented in Fig. 3 (a). This
column, which was added as part of the denormalization
method, accelerated the performance of the database by
approximately eight times for 96,000,000 data sets.

Run tun

N

denormalization-based method. In the Oracle database system,
although the performance of the proposed denormalization-
based method increases as the size of the data set increases, a
linear increase cannot be observed. The proposed method can
run analysis queries in a very short time frame, such as 0.7
seconds, even in the worst case where the data set has
96,000,000 records. In the Oracle database system, the
Date Number column added within the scope of the
denormalization method accelerated the performance of the

mlization 5a

® Proposed M thod

b ! I ! 13 |
. , o , & » R R » RS

& & o & o & &

unit 1o the database

Fig. 5. Run times of methods in MS SQL database system

B. Running Times of Methods in Oracle Database System

In this experiment, the normalization and the result of the
proposed denormalization-based method were examined in the
Oracle database system using the data sets detailed in Table II.
In Table 1V, the working times of the methods are presented in
seconds, and in Fig. 6, the working times of the methods are
examined in minutes. As in the MS SQL database system, the
operating times of the methods increase as the number of
records in the data set increases in the Oracle database system.
Similar to the MS SQL database system, when Table IV and
Fig. 6 are examined in detail, there is almost no difference
between normalization and denormalization methods up to
1,000,000 data sets. However, unlike the MS SQL database
system, the response time of the query executed with the
normalization method exceeds a second when the data set has
over 20,000,000 rows of records. If the data set size is
96,000,000, the response time of the normalization-based
method is over 5 seconds, which is a very long time for a
system that works in real-time and is analyzed instantly.
Similar to the experiments performed in the MS SQL database
system, as the data set's size increases, the normalization-
based method's running time increases much more than the
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database to 96,000,000 data sets, approximately eight times as
in the MS SQL database system.

TABLE IV

RUN TIMES OF METHODS IN ORACLE DATABASE SYSTEM
Sequence Normalization Based Proposed Method

ID Method (millisecond) (millisecond)

1 2 2

2 4 3

3 9 8

4 24 14

5 55 21

6 80 31

7 150 39

8 270 52

9 500 60

10 810 95

11 1,030 120

12 1,300 150

13 1,600 190

14 2,150 250

15 2,700 310

16 3,300 380

17 3,800 430

18 4,300 490

19 4,980 588

20 5,311 658
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Fig. 6. Run times of methods in Oracle database system

C. Application

The application developed within the scope of this study is
actively used by the KBB. It is used for route violation, stop
violation, and control of the journey time of the lines operating
in the public transportation system. Thanks to the proposed
application, the list of lines that were violated is automatically
presented, and by clicking the detail button, how the violation
was made is displayed on the map thanks to the proposed
application. Before the proposed practice was used, the
detection of violations was only detected upon complaint.
Thanks to the application, the detection of violations can be
viewed instantly. The screenshot of the application used is
presented in Fig. 7 and Fig. 8 in the Appendix part. Fig. 7
shows the list of voyages operating according to important
criteria such as line name, number, start time, and end time.
Fig. 8 presents the list of violating lines. In Fig. 8, the word
GI indicates route violation, the word DI indicates to stop the
violation, and the word HD indicates the line number changes
while the voyage continues.

V. CONCLUSION

Big data systems can be used in transportation, banking,
communication, media, entertainment, healthcare, education,
manufacturing, etc. It is widely used in many different fields.
Due to big data as the oil, the low latency of NoSQL database
systems and the additional cost of data stored in relational
database systems, and showing big data characteristics to
OLAP systems are big problems. This study proposes a new
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approach to improve date-based filtering and sorting
performance in relational database systems where large
volumes of spatial data containing time information are stored.
The performance of the proposed method is examined using
actual data in MS SQL and Oracle database systems.
Experimental  evaluations  Since  normalization  and
denormalization-based methods work very closely in data sets
with less than 1,000,000 record numbers. There is no need for
a denormalization-based approach in such data sets. However,
as the amount of data in the data set increases, the working
time of the normalization-based method increases more than
the denormalization-based method. When the data set with
96,000,000 records is examined, the denormalization-based
method responded eight times faster than the normalization-
based method, since it performs both filtering and sorting
operations numerically. Experimental evaluations have shown
that as the number of records in the data set increases, the
denormalization-based method works much faster than the
normalization-based method.
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