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Abstrac® The rapid technological progress has led to a growing need famore data storage space. The appearance of big data require
larger storage space, faster access and exchange of data as well as data security. RAID (Redundant Array of Independent D
technology is one of the most cosffective ways to satisfy needof larger storage space, data access and protection. However, tl
connection of multiple secondary memory devices in RAID 0 aims to improve the secondary memory system in a way to providatge
storage capacity, increase both read data speed and writetdaspeed but it is not faulttolerant or error -free. This paper provides an
analysis of the system for storing the data on the paired arrays of magnetic disks in a RAID 0 formation, with different nurab of
gueue entries for overlapped 1/0, where queue déjp parameter has the value of 1 and 4. The paper presents a range of test resu
and analysis for RAID 0 series for defined workload characteristics. The tests were carried on in Microsoft Windows Server@8R2
Standard operating system, using 2, 3, 4 a@nb paired magnetic disks and controlled by Dell PERC 6/i hardware RAID controller. For
the needs of obtaining the measurement results, ATTO Disk Benchmark has been used. The obtained results have been analyzk(
compared to the expected behavior

Keywords HDD; secondary memory; magnetic disk; performances; RAID 0; ATTO Disk Benchmark; Windows

- HDD (Hard Disk Drive) still play a dominant role as
I INTRODUCTION secondary computer memy primarily due to its high capacity
Thetechnologicahdvancement in the last three decades hagnd cost per MBOne of the biggest disadvantages of using
led to the fact that the average user neede beownto TB magnetic disk ishe speed oflata read and write operations.
storage space. The increase in the amount of data being RAID (initially abbreviated as Redundant Array of

exchangedequiresthe need for larger storage space, as well aﬁ’]expensive Disk§1], now known as the Redundant Array of

Lasterlaé:iess and ea5|e(; makna?ement of data. Suclh ten?‘len @ependent Disks) is a technology that has been virtually
ave led 10 an Increased risk of Compromiangven 10Ss o jnaccessible to an average user for a long time, primarily

data searity. because of the high cost of evidre simplest RAID system

With years, Ihe improvements othe secondary computer configuration The first commercial RAID systencame about
memory performance were slower than the performance in 2000, when manufacturers achie\@eaper RAID controls
improvements othe processoand the main memongince  that integrate on the board.

computer componentshighly depend of their physical In addition to the fact that the RAID data storage system
capabilities and thusan only be improved up to a certain limit, i pasedon the paired disks needs to have an appropriate

the magnetic disk has practically achieved its maxin®ome  c,qiolier, the cost of the entire system is significantly

further improvemer]t in th_e performapce of the Sec.ondarYanuenced by the price of the secondary computer memory
memory can be achieved either by multipée of parallel disks device. With thedecrease ofthe coss of secondary memory

or by the application of newechnologies devices, as well awith the need for increasing capacity and

In spite of the emergence of newhe semiconductor Pproviding fasterdataread and write spesdthe use of RAID
memory- Solid State Disk (SSDiechnology magnetic drives technology has finally become meaningful to the average user

This paper is a revised and expled version of the paper presented ¢ RAID tecm0|09y IS defl.nEd. thrOUgh S.even . (7) dlﬁerent
the 18" International Symposium INFOTEBAHORINA 20199] levels of data storage organization on multiple disks, which are

combined in a single logical space. Seven RAID levels,
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although they have their descriptive names in practice, are most Compared with thé&igure 1thatexplains the principles of

often mentioned under tmenumberg1], [2]. the basic stripping technique, Figure 2 provides more detailed

example of stripping several data over four different disks that

aihe structured in RAID architectureEach exemplar data is
ownin differentcolor, thus we can see th&br instancedata

A is stripped on all the four disks, while data B, being smaller

in size, is stripped over two disks from the array.

In spite of the fact that some manufacturers cadlirth
technology other names, it's important to emphasize that
RAID systems are essentially based on sontieesfeverRAID
levels, with the possibilitgf introducing someninor changes,
add-ons or specific modes of implementation. Withstendard
seven levels of RAID technology is possible taealize nested When compared to all other RAID levels, RAID 0 offers the
or hybrid RAID. highest degree of storage space. Theoretically, the addition of
ach newsecondary memory device in a seri@sreases
roportionally theperformance, but also, since there is no
redundancy in the system, there is a statistical risk of losing all
data by the failure of only one secondary memory device in the

RAID levels can be realized in two ways: hardware ancg
software RAID. The support for specific RAID levels can be
also provided by operating systeifi®. with some Whdows
versiony, or even provided on the file system leied. using

Oracle/Solaris ZFH3][4]. In addition, the software RAID can array.
be also found as a staatbne applicatiofi5]. ThestandardRAID Olayer is rarely used on servers because
it does not offeredundancyutis often used as part of a hybrid
Il.  REDUNDANT ARRAY OF INDEPENDENTDISKS LEVEL O RAID system.t is most commonly used on workstations.

RAID 0 offers the highest degree of storage space and ldeally, RAID O with N secondary memory devices can be
provides the best read and write performawben compared considered to have N times keettsequential and random

to all other RAID levels, but it does not offer redundancy. reading and writing datspeedrepresented bgquatiors 1 and

) , ) , 2) compared to one secondary memory dej8¢e
Despite the disadvantages it has,d athanks to its

unmatched performance, RAID 0 is used in systems where data

access speeds and storage space size play the key role. Figures Y . Y e 0 (1)
1 and 2 provide an overview of the stripping procedure and
methodology applied in RAID 0. Y Y 70 (2)

RAID 0

5 T Typical characteristic of t
5 bl ocksd works quite similar t

inconsistencies.

254 A5 The size ofdatafor writing or reading from the secondary
memory device malgesmaller or larger than the defined block
(which is essentially the data carrier). Regardless of the size of
the data in the block, the secondary memory deadgcesses the
entire block. Therefore, block size estimation is of great
importance when designing RAID system. Block size

estimation ha a significant role in maximizing the RAID
Figure 1. RAID 07 appliesstriping to two secondary memory devices performances.

Disk 0 Disk 1

Figure 1 explains the principles of the basic stripping Forestimating the size of a block, it is necessary to itztke
technigue and shows one data that is divided into two secondafie account the parallelism and competitiveness (Figuri 2).
memory devices. Theoreticallyhis division should result in case when the block size is determined so that the data unit
two times faster accespeeds, read and write. However, in exactly occupies the defined disk memory unit (on the RAID
practice, this often does not yield the expected results. FS- full stripe), we can expect the increase of the speed of data
accesdor N (N is the number of secondary memory devjces

When configured in this way, RAID 0 supports parallelism and

high sequential performance. However, if the goal is to increase
i i the competitiveness and thendomaccesspeed performance,
m then the e of the SU (Strip Unit) needs to be adjusted exactly

B 1 to the size of the data unit.

Ci1 c2 c4
=1 & 1 1. Queve oepr
S — — = f— .
E _ _ _ Queue depth refers to the number of outstanding access
operations. InFigure 3, each solid line represents one disk

operation, which can be either a readaomrite operation
Figure 2. RAID O parallelity and competitivene$seachcolor is another Because three operations over

complete piece of information queue depth of three
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B. ATTO Disk Benchmark

ATTO Disk Benchmark is a freeware software which helps
the measureménf the storage system performalfice ATTO
identifies the performance levels of the hard drives, solid state
drives, RAID arrays, as well as the host connectorthe
attached storage. Onetbeadvantages of this benchmark is the
ability to control theprocessof datawrite and readperations
while the drawback is the inability to test the random data access
speed. The ATTO Disk Benchmark is compatible with
Microsoft Windows and supports the File Allocation Table
(FAT) and New Tehnology File System (NTFS).

Some of the setting optionsver which ATTO Disk
Benchmark can affect system performance or can isolate certain
situations in practical work, are:

The storage queue depth represents the number of pending

input/output (I/0O) requests for a volunia.otherwords, gqieue

Totallengh this parameter specifies the test file lgmg

depthis the number of/Osthata device/controller can have at
the samdime. The other AOs will be pending in a queue at the
OS/app levelLower queue depth gigdower latencies and a
higher queue depth gigbetter throughput. Theeviceuses the
queue depth either for internal parallelism (SSDs) and/or for
reordering and merging of relate®s (HDDs and SSDs).

V. TEST CONFIGURATION q

A. Hardware configuration

The hardware configuration is shown in Table |. The tests q
are carried on the Microsdft¥indows Server 2008 R2 Standard
operating system. No server components or functions are added
to the basic installation of the operating system, except for the
necessary drivers the RAID controller and other specific

which is the total size of data file that is created on the
test drive. After finishing the testing procedure, this file
is deleted.

Force write acces$ this option allows to bypass the
drive write cache. Otherwise, if this option is not
selected, the drive write caching is determined by the
drive settings.

Direct /07 use of the system buffering. File I/O on the
test drive is performed with no system buffering or
caching.

I/O Comparisori compareghe input and output data to
detect errors. This option allows the comparisorthef
datafrom the test file with the data written on a per block
basis.

hardware drivers.

TABLE |

HARDWARE CONFIGURATION

HARDWARE SPECIFICATION
SERVER DELL POWEREDGEE T610
RAM 8GB,4x 2GB DDR3-SDRAM
CPUMODEL INTEL XEON E5530@ 2,40GHz (4 CORES
BIOS DELL INC.V.2.2.10(9.11.2010.)
VIDEO ADAPTER MATROX G200
EL%'TE X4 STORAGE DELL PERCB/
Disk HITACHI DESKSTAR250GBSATA2 X 6
PCIE x4 sLoT DELL SAS5/
Disk HITACHI ULTRA STAR 300GBSAS
0s MICROSOFTWINDOWS SERVER2008R2

STANDARD

The hardware RAID controller, Dell PERC 6/i, whistused
for test procedures, supports devices with the segendration

Overlapped /071 this option performs queued 1/O
testing. The factor that specifies the 1/O overlagpm

the queue depth. Queue depth specifies the number of
queue entries for overlapped /O, i.e. the maximum
number of read/write commands that can be executed
during one time interval.

1 Neither i do not perform overlapped 1/O or /O
comparisons. The traregsfrequests are sent one by one.

V. TEST RESULTS

Certain restrictions were set in order to get as highest speed
as possible for reading and writing during the test procedures.

The first limitation that is set, is to use only a specific part of
the magnetic disk for testing, since magnetic discs doana h
the same data transfer speed at the beginning and at the end of
the disk.The tests areonfigured to use only the first 10 GB of
each magnetic disk of the RAID 0 array. In this way, in the case
for 2, 3, 4 and 6 magnetic disks, an entry space Gi2B0GB,
40 GB and 60 GB is obtained, respectively. Since these 10 GB
makes up less than 5% of the disk space, the limitations of the
data rate at the beginning (in the middle of the disk) and at the
end (disk circumference) of the magnetic disk has beeided

SATA/SAS interface (35b/s), while 2 SAS channels allow up during testing.

to 32 connected devices. It has 28B of its own DDR2 cache
for quick storage, which can be optionally supported by

a Data caching feature could give wrong results so that they

battery. It supports operation with RAID levels 0, 1, 5, 6, 10, 5@vould not show the real performance of the magnetic, disi
and 60. The ATTO Disk Benchmark is used for the needs dhe performanceesults would be masked withe cacheffect

testing RAID 0 level storage performance.

In addition, a significant effect may also be achieved by caching
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at the level of a single magnetic disk, controller or operatingiext data size is twice as the size of the previous one. The results
system Because of this, when configuring each array, we havéor read (blue) and for write (redperationsaregiven inMB/s.

used the option to bypass the cache of the disks, as well as t

generate the caching on the controller. In ATTO disk benchmark, Queue depth 1

this is enabled by the Force Write Access and Direcoptidns ) )
andrepresents the second limitation. Figure4 al) shows the speed of readihgdata from a single

magnetic disk and paired series of RAID 0 magnetic disks at a
The third limitation is the number of multiple transfer block size of 8 KB for different amounts of dafathe
requests which definghe maximun number of read/write measurements amiven in Table 2 It can be observed that
commands that can be executedmetimeinterval The queue RAID 0 at aSUsize of 8 KB with two and three paired disks has
depth factor specifies the number of queue entries for overlappgdiower data transfer rate tharsiagle magnetic disk, that &
/0. In this way, the ability to test competitiveness is notperformance degradation, while for 4 and 6 paired magnetic
eliminated. disks that performance is slightly better. In addition, for a small

In the following test we havesad 1GB size NTFS partition amount of data, the RAID transmission rates are almost identical
' a single magnetic disk. thecase of reading at 8KBU size,

as the test file space was limited to 512 MB. The larger file wa ) ) S
selected in order to get better average values for large transfejae €xpected resultd RAID 0 with 6 paired magnetic dislese

which can also be assumed as the sequential data access test/@igfOm expected according éguatiors (1) and (2). If we look
the allocation unit we havused the standard size of 4kB. When@at theresults fonwrite operatiorfor a SUsize of 8 KB, Figuret

testing the RAID 0 string, the three block sizes were used: a2), then it is noticdde that in this configuration RAID O is far
worse than a single magnetic di3ke reason for suctesults

1 8kB, the smallest block that the controller permits; in addition to poor selection oSU size, is the lack of
1 64kB, default value; competitiveness.

T 1MB, the largest block that the controller permits. RAID effects are only noticeable when reading and writing

The values of SUs in the TabR are given in the first are performedh cases where the size of the RABD is 64KB
column. In the second column of the Table 2, we have presenteédd 1 MB (Figure 4 b) and c), Table 2 Although all set
the number of magnetic disks on which the tests were performgirameters are identical in this cabe,influence of the SU size
for different SUs. The test procedure starts with the evaluatiochoice is noticeable For a larger amount of data, the results
of 512 bytes and ends with 8192 KB thia step in which the obtaired are much better thamthecase for an &B SU size.

TABLE Il Tests resultsQD 1

S MB/s 0.5 1 2 4 8 16 32 64 128 256 512 1024 2048 4096 8192
U KB KB KB KB KB KB KB KB KB KB KB KB KB KB KB
1 HDD 1670 3471 6925 13245 25356 46923 74642 | 115992 | 141214 | 141669 | 142056 | 141841 | 141841 | 141096 | 142217
o |_2HDD 1769 3539 7097 13461 26166 33512 49756 66466 78486 86231 85948 86731 86872 87013 86175
X | 3HDD 1718 3479 7079 13751 26101 48907 63781 90394 | 106131 | 123072 | 125128 | 124275 123418 | 127522 | 125730
® "4 HDD 1774 3389 6959 13180 25911 48306 65209 96613 | 126946 | 149628 | 163759 | 165191 [ 154941 | 156979 | 169093
6 HDD 1765 3328 6959 13685 26295 49648 90112 | 118617 | 170365 | 198266 | 228698 | 235987 | 245146 | 250874 | 248551
1 HDD 1670 3471 6925 13245 25356 46923 74642 | 115992 | 141214 | 141669 | 142056 | 141841 | 141841 | 141096 | 142217
m | 2HDD 1735 3505 7097 13312 26360 46923 79149 | 127254 | 187122 | 242828 | 281343 | 282068 | 283558 | 281575 | 282563
ﬁ 3 HDD 1744 3522 7027 13556 26038 47604 80313 | 125128 | 226298 | 282428 | 359107 | 402653 | 421902 | 421902 | 419430
© | 4HDD 1756 3479 7168 13524 25785 48786 79921 | 130096 | 226298 | 341459 | 428694 | 493674 | 523776 | 523776 | 523776
6 HDD 1765 3381 6976 13461 26101 47836 76920 | 130419 | 230790 | 369914 | 442925 | 567516 | 639123 | 688296 | 709521
1 HDD 1670 3471 6925 13245 25356 46923 74642 | 115992 | 141214 | 141669 | 142056 | 141841 | 141841 | 141096 | 142217
m | 2HDD 1698 3454 7062 13312 25416 46589 76204 | 117817 | 168924 | 208889 | 240625 | 276262 | 282068 | 282563 | 280594
= | 3HDD 1731 3513 7027 13461 25661 45936 75328 | 118082 | 169642 | 207663 | 248514 | 280594 | 421902 | 416987 | 417798

— | 4HDD 1532 3548 6976 13366 25416 46479 75155 | 118417 | 170356 | 184104 | 253259 | 275789 | 438261 | 527637 | 526344
6 HDD 1723 3531 6959 13212 25661 46923 74642 | 118082 | 164517 | 199255 | 242828 | 265777 | 439158 [ 667749 | 678152

1 HDD 61 121 245 487 974 1918 3819 7447 14185 25826 43509 66858 66692 66774 91147
o |_2HDD 63 130 279 655 981 1955 3877 7665 14928 15483 20149 23619 25699 26816 27545
X | 3HDD 62 126 267 586 1237 1952 3873 7665 15117 28902 29208 37596 38048 41045 41202
® [ 4HDD 62 125 261 552 1166 1923 3891 7719 14451 28587 31022 39650 40795 50128 53633
6 HDD 60 129 280 657 1180 1964 3900 7764 15348 29890 52271 56871 71966 74773 80611
1 HDD 61 121 245 487 974 1918 3819 7447 14185 25826 43509 66858 66692 66774 91147
m | 2HDD 60 119 247 504 1044 2226 4576 7665 14911 28401 51451 87154 | 133883 | 171524 | 174308
fr 3 HDD 61 123 248 501 1024 2155 5112 7867 15187 29289 54784 96733 | 157440 | 220029 | 228942
© | 4HDD 61 123 247 500 1015 2092 4507 8478 15294 29587 56193 | 101680 | 167249 [ 250874 | 313348
6 HDD 61 123 243 496 1005 2055 4519 8202 14979 29822 57932 | 107589 | 186737 | 283060 | 387166
1 HDD 61 121 245 487 974 1918 3819 7447 14185 25826 43509 66858 66692 66774 91147
m | 2HDD 61 122 241 488 979 1955 3868 7638 14743 27858 49884 82722 | 133883 | 134217 | 133218
= | 3HDD 61 122 245 491 972 1957 3810 7620 14628 27710 49554 81221 | 139266 | 146886 | 177771
— [ 4HDD 61 122 245 491 981 1955 3887 7665 14860 27623 49182 81965 | 139446 | 257492 | 253839
6 HDD 61 122 245 490 979 1952 3882 7638 14860 27681 50267 83365 | 139992 | 255652 | 270237
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Figure 4. Reading speetl) and writing spee@) data for single magnetic disk and paired string of 2, 3, 4 and 6
magnetic disk drivers in RAID 0O at ti& sizea) 8 KB, b) 64 KB andc) 1 MB
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When omparing the vales in Table2 for the SU size of
64KB, for the maximum amount of data transferreétie
improvement over one magnetic digdr reading is 198%,
295%, 368% and 499%, whiter the writing it is 191%, 250%,
340 % and 425%for two, three, four and sigaired magnetic
disks in RAID 0, respectively Similar but slightly smaller
improvements are obtained for 1 MB block valuésmparing
the results for 64KB and 1 MB block size(Table 2) it is
noticeable thatvhenincreasing the blockizeto 1 MB thereis
not asignificant improvement in performance compared to th
64 KB block (the performance gain is approximately edfoal
read and writeoperations with64 KB and 1 MB blocks).
Although improvements for 84B and 1IMB SUsizes are better
thanwhen usinga single magnetic distas well as RAID 0 with
an 8 KBSU sizd, they are smaller than the ideal casehich
is represented bgquatios (1) and (2).

B. Queue deptiof valued
In the Table 3, thesalues of SUs are given in the first

5 al),for workloadsmaller tharB2kB the diskarray 5 2to 3
times faster than a single disk. For workloads larger th&@32
only RAID 0 with 6HDD has nearly 2 times the spad@single
disk, while othe arraysact as a single disk and eveiorse.
RAID 0 with 4 HDD has #igherspeed than single disi 20%
to 25%. RAID 0 with 3 HDD haslowerspeed thn single disk
of 8% to 10% andRAID 0 with 2 HDD hasslowerspeed thn
single diskof 40%.

For writing operation Figure 5 a2), foworkload smaller

EEhan 16kB, the disk fields are ® 4 times faster than a single

disk. For data blocks larger than 58, only RAID 0 with 6
HDD has a 20% higher spe#ithn fora single diskwhile other
arraysact as a single disk and even woM#encompared to
the speed of a single didRAID 0 with 4 HDD has20% higher
speedRAID 0 with 3 HDD hast0%slower speedndRAID 0

with 2 HDD has60%slower speed.

For the SU size of 64kB (Figure 5bl and b} the
characteristics of the disk array are astres theexpectedFor

column. In the seconcblumn, wehave presented the number of '€adingoperation Eigure H), for workloadsmallerthan 3B
magnetic disks on which the tests were performed for differe e diskarrayis twice faster than a single disk. For data blocks

SUs. The test procedure starts with the evaluation of 512 byt

and ends with 8192 KB, withstep in which the next data size

ger than 51X%B, all RAID 0 arraysarein accordance with
theoretical expectation®RAID 0 with 4 and 6 HDDs have

is twice as the size of the previous one. The results for read (bludightly lowerread operations speedluesthan the theoretical

and for write (red) arprovided inMB/s.

The 8kB SU size (Figuses5 al and a2) of the disk array
characteristicgs completely unexpected. When readi(igjgure

ones, expected 4 and témes better then single dis&nd
measured 3.7 and Stifnes better than single disk

TABLE lll TESTRESULTS| QD 4

ST wers 0.5 1 2 4 3 16 32 64 128 256 512 1024 | 2048 | 4096 | 8192
u KB KB KB KB KB KB KB KB KB KB KB KB KB KB KB
1HDD | 1670 | 3471 | 6925 | 13245 | 25356 | 46923 | 74642 | 115992 | 141214 | 141669 | 142056 | 141841 | 141841 | 141096 | 142217
o | 2HDD | 3371 | 7206 | 16811 | 37145 | 50362 | 65209 | 76204 | 85111 | 84200 | 86659 | 88712 | 88885 | 88592 | 88738 | 87867
X [ 3HDD | 3278 | 7260 | 16646 | 37328 | 65048 | 89210 | 111890 | 127875 | 136593 | 130745 | 119974 | 130944 | 130625 | 130308 | 128900
® "4HDD | 3278 | 6759 | 17024 | 36499 | 65935 | 95200 | 103898 | 125128 | 90187 | 167508 | 179249 | 178362 | 178659 | 179555 | 175735
6 HDD | 3363 | 7207 | 17235 | 37145 | 56917 | 124792 | 183312 | 222508 | 243944 | 264628 | 270852 | 272062 | 272985 | 276737 | 258732
1 HDD 1670 3471 6925 13245 25356 46923 74642 115992 | 141214 | 141669 | 142056 | 141841 | 141841 | 141096 | 142217
m | 2HDD | 3303 | 6622 | 13050 | 26360 | 51447 | 105441 | 178028 | 245227 | 260087 | 284837 | 284346 | 284058 | 284560 | 284560 | 284058
X [3HDD | 3215 | 6793 | 12987 | 26360 | 51697 | 106594 | 180215 | 323450 | 414686 | 419900 | 418607 | 418612 | 417798 | 419430 | 404422
© [4HDD | 3404 | 6509 | 13278 | 25472 | 51200 | 104407 | 186434 | 337692 | 480534 | 485204 | 523259 | 522502 | 521233 | 521233 | 518715
6HDD | 3041 | 6557 | 13312 | 25661 | 51200 | 106230 | 183369 | 344329 | 551708 | 749682 | 559848 | 715827 | 776198 | 781850 | 787585
1HDD | 1670 | 3471 | 6925 | 13245 | 25356 | 46923 | 74642 | 115992 | 141214 | 141669 | 142056 | 141841 | 141841 | 141096 | 142217
o | 2HDD | 3242 | 6368 | 12892 | 24794 | 46180 | 80511 | 129134 | 187122 | 255086 | 283026 | 284346 | 284058 | 282563 | 284058 | 284058
= [ 3HDD | 3011 | 6509 | 13019 | 25036 | 45732 | 79533 | 128817 | 184957 | 260087 | 406237 | 412940 | 389036 | 416197 | 416987 | 415374
— ["4HDD | 3223 | 6098 | 13147 | 25098 | 46293 | 80511 | 128187 | 188446 | 263969 | 418941 | 516925 | 514984 | 528936 | 528936 | 527637
6HDD | 3176 | 6446 | 13050 | 24914 | 46293 | 79921 | 128187 | 188803 | 262014 | 409793 | 511966 | 697234 | 766958 | 778073 | 778073
1 HDD 61 121 245 487 974 1018 | 3810 | 7447 | 14185 | 25826 | 43509 | 66858 | 66692 | 66774 | 91147
o | _2HDD | 196 441 660 1900 | 3792 | 5738 | 11358 | 21593 | 27947 | 27710 | 27623 | 28093 | 28035 | 28167 | 28137
X 3 HDD 194 414 966 2022 2904 5748 11397 22253 35959 41487 42077 41975 41975 42074 42173
® [ 4HDD | 187 308 894 1918 | 3515 | 5789 | 11437 | 15791 | 41217 | 51000 | 54050 | 55634 | 55749 | 55461 | 56099
6HDD | 195 421 829 1969 | 2978 | 5840 | 11610 | 22954 | 44582 | 72415 | 82176 | 83624 | 83755 | 83755 | 83624
1 HDD 61 121 245 487 974 1018 | 3819 | 7447 | 14185 | 25826 | 43509 | 66858 | 66692 | 66774 | 91147
m | 2ADD | 184 375 765 1606 | 3585 | 6742 | 14340 | 21881 | 38607 | 92794 | 152465 | 180764 | 180764 | 182920 | 186090
X[ 3HDD | 179 371 757 1575 | 3323 | 7602 | 14928 | 22215 | 42625 | 80166 | 167375 | 267766 | 275789 | 273913 | 275318
© ["4HDD | 176 336 740 1551 | 3218 | 6313 | 13347 | 25954 | 43115 | 81537 | 160781 | 290200 | 354760 | 371965 | 371965
6HDD | 171 169 750 1525 | 3162 | 6986 | 15312 | 23116 | 44506 | 84836 | 156052 | 302746 | 460833 | 536870 | 545600
1 HDD 61 121 245 487 974 1018 | 3810 | 7447 | 14185 | 25826 | 43509 | 66858 | 66692 | 66774 | 91147
@ | 2HDD | 181 358 718 1437 | 2899 | 5789 | 11457 | 22329 | 77710 | 107216 | 137100 | 155389 | 133549 | 282068 | 283060
S [ 3HDD | 180 363 731 1432 | 2810 | 5748 | 11260 | 22140 | 78800 | 103614 | 158145 | 226050 | 305619 | 238080 | 412997
[ "4nDD | 181 366 723 1468 | 2925 | 5820 | 11457 | 22637 | 82091 | 105916 | 152684 | 243478 | 268883 | 267543 | 512525
6HDD | 184 367 735 1468 | 2920 | 5563 | 11338 | 22520 | 85296 | 105278 | 149669 | 233422 | 387166 | 512525 | 517465
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Figure5. Reading speet) and writing speedl) data for single magnetic disk apdired string of 2, 3, 4 and 6
magnetic disk drivers in RAID 0 at ti84J sizea) 8 KB, b) 64 KB andc) 1 MB
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For writing operation(Figure 5 b2and table hfor the SU  speed, HDDscan support a relatively small number of 1/0
sizeof 64kB andworkloadsmallerthan 51XB, thediskarrays  operations per second, especially & random access
are 3to 4 times fastethan a single disk. For data blocks d¥B environment
to 4MB, all arrays lehave better than theoretical expectations.
When compared to single diskite operationspeed RAID 0
with 6 HDD has up to 8 timekigher speed #m single disk
RAID 0 with 4 HDD is 5.5 tines fastethan write operation for
single diskandRAID 0 with 3 HDD has 4 times the speed an
2 HDD is 3 times fasteiThis is possible because the maximumsyd. e ¢ hen i inah b ¢
speeds of the device are not reached at the time of writing a klrect gain in pelr ormgtnoza er_}_k:ncreas;ng € number ot
parallelism allows simultaneous ifing to 4 disks. Since the GISKS  €quatios and 2). The performance gain is
data blocks arom 16 to 128 times larger than the SU (64 kB), approximately the same fdatareading and writing operations.
multiple consecutive SUs will be written on a sector without The measurements shown in Tables Il and 11l confirmed that
changing the track and with a possible small rotational delagu $ze and the workload size significantly affecteth
(1/2r) or without delay on the successiBUs. The transmission transmission rates dRAID 0 and show thathe theoretical
time will be approximately T = b/(rN), where b is the number ofvalueswere reached fofour disk (N=4). The measurement
bytes to transmit, N is the number of bytes per track and r is thghows that the best features of RAIDfér this configuration,
rotational speed (rpm). For blocks ofN8B and higher, the were achieved by seléng a 64kB stripe unit(Figures 4 and 5,
speeds fell theoretically expected for tberresponding disk b1 and b2).
array as maximum performance was achieved.

The testing results have showrattiihe RAID O operation
depends on four factors: queue depth, amount of data, SU size
and the number of disks. Inadequate block size selection for a

CIRAID 0 string can significantly degrade the performance of the

stem. In the case of an adequate conftguraRAID 0 shows

Also, the diagrams in Figure 5 shakat forqueue deptd
Write cycles with small blocks of data can also have a biRAID 0 arrayand forsmal block dataread operation is bett@r
impact on writeback file caching, which can affect the timesand write data operation bettBrtimes tharin a single
exceedance of expected RAID accelerations, which cannot lefisk, orwhen there is no overlap df operationgqueue depth
manifest forsmall reads. 1). At queue depth performance improvement occurs with
smaller blocks of data than when there is no overlapping of I/O

For a SU size of MB, the characteristics of the disk array X
operations.

are given in Figure5 cl and c2Fora read operatio(Figure 5
c1) andworkload smallerthan 128kB the disk array is faster
about 2 times #n a single disk. For workloads largban 512 ACKNOWLEDGMENT
kB, all RAID 0 array behave in accordance with theoretical L .
expectations. RAID 0 with 4 and 6 HDDs have slightly lower The yvc_Jrk presented in tr_us paper has partially ieeded by_
read operatiorvaluesthan the theoretical onethe expected 1€ Ministry of Education, Science and Technological
values are4 and 6times faster tham single diskwhile the ~D€velopment of the Republic of Serbia (Grants TR32025,

measuredare3.75 and 5.5imes faster TR32037, 11143002 i 11144006).

For writing operation(Fig. 5 c2 andworkload data blocks REFERENCES
smallerthan 64kB, diskarrayis faster 3 times than a single disk. i
For data blocks larger than @48, all RAID O arrayshave a  [1] ID- PattersonG.A. Garth A, R.K %t_ 2 S{g 'ﬁ ]iaRSJWvDL or Rec
H H H H nexpensi ve 1,S nlinej: eas.
higher speed than a single disk, but the diagrams do not show .\ .10 oi/pubs/TechRpts/1987/G8B39Lpdf dec. 2018.
regularity in the speed increase. RAIDs with 3 and 4 disks ar[S]

. . . W. Stallings, Computer Organization and ArhitercturBearson
about 4 times fastehan single dik speeds Education, Inc., Hoboke016

In all the performed tests, it is noticeable that the writing3] Oracle Solaris ZFS, [Online]:
performance results are far worse thha results obtained for Pégﬁigdoggi‘gac'e-com’Cd/ E18752 tiil/8195461/gavwn.html,
readingoperation One of the reasons for these results is that M_Crosrgﬂ storége[om'ne] https:/docs.microsoft.com/arsiwindows

. . . | | . . .mi . Wi W.
dUI’.Ing the megisurement the force, write acqess optas w server/storage/storagpaces/storaggpacedault-tolerance, decembar
activated It obviates the use of caching on a disk or controller 5918
when writing data, whil¢he caching effects during theading 5] software RAID, [Online]:
operation are noticeable https://www.softraid.com/pages/featuredisare  _raid_benefits.html,

december 2018.
6] V. Ti mcenko, B. Djordjevic, iThe

Based orthe measured valuerable 1l and I1I) magnetic of Sffipzd disk aray Orggni;atio'ﬁ‘ﬂA'D'oli c f’f b nvit e d pap

: : Proceedings of the 13 International Conference on Information
glstks Ihé:ve tfl;;e beStt Pedrfo:]mance Wlit\t] I%ﬁgsrbtl)loiks of Worr]kload Sysems and Design of Communication, Lisbon, Portugal, 2013.

ata (a ge es) .SO ed o SUC(.:eSS € ais oc S.( D . [7] ATTO benchmark,[Online]: https://www.atto.com/diskenchmark/,
meansn sequential accesghat is mostly due to their rotating february 2018.
surfacesin that way, the write/read head can startl end the gﬂ F. wan, N.J. Dingle, W J. Knotter
trgnsfer in one positioning to the desired cylinder. .When har and modelling of RAID O systenper f or mance, o | n
drives carry very large amounts of data, large files can be European Simulation and Modelling Conference (ESM), 2008.
scattered across the disk on different cylinders (this is true fg§) N. Davi dovi i, B. nortlevil, FfDbataTi m|
random storage and for small files), causing datasactebe storage system on paired magnetic disk arra®AID 00, Proc. 18th
much slower. Performance degradation can also be caused by International Symposium INFOHEJAHORINA, 20:22 March 2019.
the everpresent fragmentatioDue to the seek time, whichcan [10] N.  Davi dovil, B. norlLevil, V. Tin

significantly affect the total data transfer time and therefore the fIRAID 0 on paired magnetic disk arraysProc.6th ICETRAN, Silver
Lake, Serbia, June 0306, 2019

VI. CONCLUSION
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