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Abstract - The paper presents a comparative analysis of the
impact of SSDs and magnetic disks on the performance of
SQL Server under the Windows operating system. The work
includes a comparison of performance of representatives of
SSDs and SATA magnetic disks under Microsoft Windows
Server 2016. The performance of the tested discs is
measured using the ExpressProfiler-2.1 program. The
obtained results show that using SSD disks achieves better
performance in the processes of displaying, inputting,
updating and deleting database records, which are achieved
by the lower processing time of the processor, as well as the
smaller number of reads and writes from the disk.

I. Introduction

In recent years, there has been major improvements in
computer architecture, and from the aspect of disk
technology, this  is reflected in increased disk rotation
speed, from 10K-15K revolutions, shortened positioning
times, improved mechanical delays and better cache
buffering techniques.

A special novelty in disk architecture is the new SSDs
based on NAND-flash technology, which makes   it
possible to keep recorded data even after power failure.
This  technology, thanks to the absence of mechanics,
exhibits exceptional performance, exceptional reliability
and low consumption.

One of the biggest bottlenecks of database
performance is the physical cost of doing I/O operations
(inserting, updating, deleting, and displaying processing
results). The data is on the disc, and the disc is a
mechanical device. This device contains machine parts
that move and read encoded data from the rotating panel.
These activities take some time and everything that can
shorten that time can improve performance.

The way to optimize disk access is to use solid state
memory devices (SSDs).

Solid state device is actually a computer memory that
is configured to work as a hard disk. When data is loaded
from a solid state drive, there is no physical component
I/O operation - the data is stored in memory and
transferred from the memory to the  DBMS, and then
where they  are requested.  Database objects with high
performance requirements should be stored on SSDs
instead of physical hard drives, RAIDs, or data
warehouse networks. However, the use of SSDs has some
possible problems. The first are the costs are. Only
recently, the initial costs of SSD have dropped. The other
is durability. Some SSDs require a constant power source
to prevent data deletion. In such cases, it is necessary to
prepare plans for copying and returning data for database
objects.

Windows Server 2016 is a modern, sophisticated and
powerful operating system, not just for managing local
harviders, but also for the complete environment, either
realistic - physical or virtual.

II. The goal of the work

The aim of this paper is to examine the performance of
SQL Server 2017 on two different disk technologies:
magnetic and SSDs. The performance of SATA-3 drives,
a typical representative of magnetic disks, and SSDs are
examined. Slots were tested under the same conditions, in
the same hardware environment and under the same
operating system [1].

III. SSD technology

SSD (Solid State Drive) is a storage device that uses
solid-state memory (semiconductor memory). The SSD is
electrically, mechanically and software compatible with
magnetic hard drives. In the case of a SSD, the storage
medium is not magnetic, as with the hard disk, but solid
state semiconductor, such as EPROM (Erasable
Programmable Read Only Memory), FLASH, DRAM
(Dynamic Random Access Memory) and other. SSDs do
not have any moving parts, nor complicated mechanics,
such as hard disk drives, making them less sensitive to
HDD. In addition, these discs are silent (unless a cooling
fan is used). These  characteristics allow for less data
access time, as data can be accessed at the same speed
regardless of the location of the memory. The access time
for the SSD does not depend on the synchronization of
the head for writing and reading with the data sector (data
sector) on the rotating disk. SSDs are resistant to physical
vibrations, shocks and extreme temperatures as well as
strong magnetic fields that can damage hard drives.

Most SSDs use flash memory for the construction of
more compact devices [2]. These SSDs based on a flash
memory base are known as Flash Drive and do not
require the presence of a battery. Often the same forms as
the standard drives are used: 1.8 inch, 2.5 inch, 3.5 inch.

Using flash memory in the SSD is also possible to
store data in the event of a sudden power failure. When it
comes to large-file SSD operations, due to the lack of
moving parts, it's slower than DRAM and traditional hard
drives, but they have better performance in terms of
access speeds. The basic components of SSD drives are
cache, energy storage and NAND chips.

Cache: Flash-based SSD uses a small amount of
DRAM like a cache, similar to cache memory on hard
disks.

Energy storage: a capacitor or battery that is needed
to record the data in the cache in flash memory when
the power failure occurs.

NAND chips: increasing the number of parallel
NAND and  chips improves SSD performance. The
NAND chip is relatively slow due to a narrow (8/16
bit) asynchronous IO interface. The bandwidth is
increased by adding NAND chips in parallel.Copyright 2019 by Information Society of Serbia - ISOS, Serbia | Creative Commons License: CC BY-NC-ND 236



Procesori Intel(R) Core(TM)

CPU Model i3 4150 CPU @3.50GHz

Number of CPU cores 2

CPU speed 3.50GHz

L2 cache 3MB

Memory

RAM 4 GB

On the market, there are SSDs with faster flash drives,
introducing data striping (data sharing, or the method by
which multiple disks connect to one logical drive). This is
made possible by the development of ultra fast SSD with
250 MB / s effective data transfer speed, which is also the
maximum data transfer speed of the SATA interface. The
main advantages of SSD versus HDD are [3]: faster start-
up, faster access time and silence.

In addition, when it comes to SSD flash drives with
low capacity, there is little power consumption and heat
dissipation for active use. In the case of solid-state solid-
state SSDs, increased power consumption occurs due to a
large number of flash chips used. Also, SSDs feature
superior mechanical reliability as well as impact
resistance, vibration and extreme temperatures. This
makes them very useful for laptops, mobile computers
and devices operating under extreme conditions.

SSDs have a higher operating temperature range. A
plain hard drive has a working temperature range of 5 to
55 degrees °C, while the SSD works at 70 and more
degrees (industrial SSD). Compared to HDD, SDDs do
not have the need for moving parts, which are smaller in
size and weight.

The main disadvantages of SSD technology in relation
to the HDD are: price (SSD is significantly higher by GB
than HDD), capacity (far less capacity than HDD). In
addition,  SSDs have a longer enrollment time. Solid-
state-based SSDs have blocks of 0.5 to 1 MB, so they are
far slower in small enrollment and may have
fragmentation problems. DRAM-based SSD does not
have this problem.

IV. Technology of magnetic discs

Magnetic discs feature a very high density of packing
magnets and solid transfer speeds from the media, but
they have movable parts and large mechanical delays,
two of which are the most dominant ones. These are the
search time and the rotational latency time. Both times
are the order of magnitude ms, which is a huge time
compared to the modern processor-memory components.

V. Analysis of the performance of the SQL server in
connection with a discount

The hardware configuration of the system consists of
several basic components: (a) CPU and its frequency (b)
server motherboard  (c) system RAM (d) second-level
CPU cache (s) disk controller and (f) discs. All the tests
presented in this paper were carried out within the system
defined in table I:

Table I. System Configuration

Memory speed 1333MHz

Discs

SATA HGST DS7SAC500-500GB

SSD SanDisk SDSSDA-G27 120 GB

Operating system Windows Server 2016 Datacenter

HGST DS7SAC500 - 500GB was selected for the
magnetic disk drive representative, detailed in Table II:

Table II. Characteristics of magnetic disk SATA-3

SATA-3: HGST DS7SAC500-500GB
Capacity 500GB

Interface SATA-3

Cache Buffer 8 MB SDRAM

Average inventions 14ms(read)
15ms(write)

Average delay 4.17ms

Rotational speed 7200 rpm

Buffer To Disk 1589 Mbits/s (Max)

Max. interface speed 6Gb/sec

The SanDisk SDSSDA-G27 120 GB was selected for the
representative of SSDs, detailed in table III:

Table III. Characteristics of SSDs

SSD: SanDisk SDSSDA-G27120 GB
Capacity 120GB

Interface SATA-3

Performance

Reads 530 MB/sec

Writes 310 MB/sec

Max. interface speed 6Gb/sec

For testing purposes, the Windows   Server 2016
Datacenter and SQL Server 2017 operating systems were
used. First, the servers were installed on the magnetic
disk, so the performance of the magnetic and solid state
drive was tested. Then the servers are installed on the
SSD and the process is repeated.

VI. Testing results

For the purposes of this work, SQL Server 2017 was
used. As a database, student test database were used. The
database files are stored on magnetic and then on the SSD
disk. After that, the database was updated to update, read,
write and delete data and the time needed to perform
these operations [4], [5], [6].

A. Insert data into a database

First, a query was made over the database  that
generated data generation and entry into the database. A
complex query is set, which triggers multiple triggers in
the background  to make the data more relevant. The
query was related to generating data on passed exams, a
particular student, from a particular subject, for which the
trigger generates the number of ESPB points, the
semester in which he is being taught, the professor to
whom he is taken, then the number of points and the
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10 100 1000 10000 100000 1000000

HDD-HDD 4278 21754 214809 2066243 25501676 272138913

HDD-SSD 2393 21186 201704 1973577 20843062 247871736

SSD-HDD 2800 21483 204556 2000996 20871777 250404048

SSD-SSD 2381 20082 196846 1971655 20587032 240135707

grade he received, after which the student average in the
semester and the total average, the date of layout and
other data are updated.

In Table IV, the average values measured for inputs
10, 100, 1000, 10000, 100000 and 1000000 records in ms
are displayed.

Table 4. Time of data entry, depending on the type of disk

We can conclude  that SSDs showed better
performance in both cases, and when the servers were
installed on the magnetic disk, and when they were
installed on the SSD.

When the servers were installed on a magnetic disk,
the entry of data onto the SSD disk compared to  the
megnet disk was on average 15.07% faster and 6.36%
when the server was installed on the SSD.

The best performance was achieved when registering
on the SSD disk, when the servers were installed on the
SSD, and the weakest when registering on the magnetic
disk, when the servers were installed on the magnetic
disk.

The following table shows the characteristics of the
disks, when generating and typing 10.000 records into the
database, based on which we can conclude that when
registering in the database when using SSDs there were
less read from the disk,  less write per disk,  and less
processor times.
Table V. Displays the characteristics of discs when entering data into a

database

CP U reads writes durat ion

HDD-HDD 7752083 313459032 9914 2066243

HDD-SSD 7415892 308041298 7480 1973577

SSD-HDD 7503328 308060532 9542 2000996

SSD-SSD 7408120 308041228 7488 1971655

B. Update data into a database

To update the data in the database, a complex query is
set, which triggers multiple triggers in the background to
make the data more relevant. The query was related to
updating the passed exams of a particular student, where
the date of the student's uploading date and grade was
updated, after which the student's average in the semester
and the total average is updated.

In Table VI, the average values measured for updating
10, 100, 1000, 10000, 100000 and 1000000 records are
displayed in ms.

Table VI. Data update duration, depending on the type of disk

10 100 1000 10000 100000 1000000

HDD-HDD 9 103.3 5767.2 30421 350694 4127870

HDD-SSD 5.8 63.8 1993.9 7654 68811 597145

SSD-HDD 7.4 66.6 2632.3 28231 307394 3644813

SSD-SSD 4.8 63.2 1336.6 6933 58529 556069

Based on the above table, we can conclude that SSDs
showed better performance in both cases, and when the

servers were installed on the magnetic disk, and when
they were installed on the SSD.

When the servers were installed on a magnetic disk,
updating the data to the SSD with respect to the megnet
disk was an average of 64.33% faster, and 56.1% when
the servers were installed on the SSD. Also, it should be
noted that the differences are greater when updating a
larger number of records.

The best performance was achieved when updating
data to the SSD, when the servers were installed on the
SSD, and the weakest when updating the data on the
magnetic disk, when the servers were installed on the
magnetic disk.

The table below shows the characteristics of the disks
when updating 1,000,000 records in the database, based
on which we can conclude that when updating the records
in the database when using SSDs there were fewer writes
per disk and less CPU time was used.

Table VII. Displays disk characteristics when updating data in a
database

CPU reads writ es durat ion

HDD-HDD 198313 3000095 968996 4127879

HDD-SSD 148500 3000011 698753 597145

SSD-HDD 150110 3000025 825274 3644813

SSD-SSD 140563 3000004 652763 556069

C. Select data from a database

A complex query was used  to display data from a
database in order to make data more relevant. The query
was related  to the presentation of data on  the passed
exams from the records of passed exams, which
contained information about the student (surname, name,
index number, municipality of residence, ...), data on the
subject (title, acronym, number ESPB, semester in which
listening, ...), professor details, grade, number of points,
exam time in which the exam is slow and the date of
laying. In Table 8, the average values measured for
displaying 10, 100, 1000, 10000, 100000 and 1000000
records are displayed in ms.

Table VIII. Duration of data display, depending on the type of disk

10 100 1000 10000 100000 1000000

HDD-HDD 372 442 866 943 4544 37150

HDD-SSD 279 374 533 884 4250 34780

SSD-HDD 316 423 579 936 4509 37770

SSD-SSD 245 325 488 766 3876 33690

As in the previous two cases, we can conclude that
SSDs showed better performance in both cases, and when
the servers were installed on the magnetic disk, and when
they were installed on the SSD.

When the servers were installed on a magnetic disk,
the display of data with the SSD disk compared to the
megnet disk was on average 17.32% faster and 18.39%
when the servers were installed on the SSD. We notice
that the differences decline with the increase in the
number of records being displayed.

The best performance was achieved when displaying
data from the SSD, when the servers were installed on the
SSD, and the weakest when displaying data from the
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magnetic disk, when the servers were installed on the
magnetic disk.

The table below shows the characteristics of the disks
when displaying 1.000 records from the database, based
on which we  can conclude that when displaying data
from a database, where the disk read number was about
the same and there was no disk-based writing, when
using the SSD discs used less CPU time, which most
affected the query execution time.

Table IX. Displays the characteristics of discs when displaying data
from a database

CPU reads writes durat ion

HDD-HDD 1060 3951 0 866

HDD-SSD 764 3910 0 533

SSD-HDD 772 3464 0 579

SSD-SSD 293 3903 0 488

D. Delete data from a database

To delete data from a database, a relatively simple
query was used, which was tasked to delete the record
number from the test records table. In Table 10, the
average values measured for erasing 10, 100, 1000,
10000, 100000 and 1000000 records are displayed in ms.

Table X. Time of deletion of data, depending on the type of disk

10 100 1000 10000 100000 1000000

HDD-HDD 2.6 6 23.8 256 670.8 16822

HDD-SSD 1.4 2.4 4.6 44.2 377.2 7688

SSD-HDD 1.2 1.6 24.6 205.6 533.4 6872

SSD-SSD 1.8 3.4 5.8 64 473 6334

Compared to previous  cases, we can conclude that
SSDs showed better performance in both cases, when the
servers were installed on a magnetic disk, and when they
were installed on the SSD, but when deleting a larger
amount of data. For smaller amounts of data, in some
cases, when the servers were installed on the SSD,
magnetic disks showed better performance.

The best data deletion performance was achieved
when the servers were installed on the magnetic disk, and
the database was stored on the SSD.

When the servers were installed on a magnetic disk,
the display of data from the SSD in relation to the
magnetic disk was an average of 62.27% faster and
1.32% when the servers were installed on the SSD.

In the table below, the disc characteristics   are
displayed, when the 10,000 records from the database are
deleted, and based on which we can conclude that the
maximum effect on the data deletion time had the
greatest impact in addition to the processor time, and had
a higher number of readings from the disk in case the
servers were installed on a magnetic disk, and the
database data was also located on the magnetic disk.

Table XI. Displays disk characteristics when data is deleted from the
database

CPU reads writes durat ion

HDD-HDD 43.8 883 63 256

HDD-SSD 40.6 783 51 44.2

SSD-HDD 34.7 794 61 205.6

SSD-SSD 31.4 781 55 64

VI. Conclusion

The paper presents the results of the impact of two
types of disks, SSDs and magnetic disks on the
performance of the database. By comparing selected
representatives, we  come to the  conclusion that SSDs
have shown better performance when working with
databases. One of the reasons is that the SSD does not
have mechanical delays such as search and rotation,
which gives it a significant advantage in performance.
Tests show that SSDs in all tests have shown a more
positive impact on database performance, while a smaller
performance difference is detected only in tests with
fewer records, when the operating system cache effects
reduce the performance difference.
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