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Mass-Storage Structure
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Platter

Disk arm

Tracks

Sectors

Cylinder

Rotations per minute (RPM)
54k 72k 10k 15k

Transfer rate

Positioning time
Random-access time

Seek time

Rotational latency

Head crash

Removable

Effective transfer rate
Nonvolatile memory (NVM)
Solid-state disk (SSD)

USB drive

sUonautnastia



Seagate - 9:wWanoNSadaNUULIKANADWID 50 TB
TuU 2026 douyuna 18/20 TB mgluU 2020

12 Now 19 - By | =

https://notebookspec.com/seagate-will-have-50tb-hdds-by-2026-18tb-and-20tb-launch-in-2020/501531/

Wester Digital

Ultrastar’




Modern disk drives = large one-dimensional array of logical blocks.
A logical block is the smallest unit of transfer.
The size of a logical block is usually 512 bytes (from factory),

but can be low-level formatted to 1024 bytes (less header and Block {sector)

trailer, but more internal fragmentation). Header
Constant linear velocity - CD-ROM, DVD-ROM Data
(512 bytes)

nmumsawmau (m/s) AYN 13a1H3mu1aau1mIU
muuauan track Unvtu unuo: HUUlSDUU (rpm) Trailer
WatRAWLEILBVLdUAYA

(3ADWLSISDU (rpm) AVALAUD Wadovlw
data density decreases in outer tracks

Magnetic tapes 3 backup Jayatriiiu




Magnetic Tapes lUuuUU sequentlal access Ylafnv 580 TB
IHU=AU data backup nmaomuuauaI:nUuoa'luwHawU

IBM’s Tale of the Tape ¥ “‘ -

Nearly 70 years of tape innovation: reliable, secure & energy efficient for Hybrid Clouds

2006 2010 2014 2015 2017 2020
Areal Density 6.67 Billion 29.5 Billion 85.9 Billion 123 Billion 201 Billion 317 Billion
(bits per sq inch)
Cartridge Capacity
(Terabytes) 8 35 154 220 330 580
# of Books Stored* 8 Million 35 Million 154 Million 220 Million 330 Million 580 Million
Track Width 1.5 um 0.45 pm 0.177 pm 0.140 pm 103 nm 56.2 nm
Hneae Density 400'000 518'000 600'000 680'000 818'000 702'000
(bits per inch)
Tape Material Barium Ferrite Barium Ferrite Barium Ferrite Barium Ferrite Sputtered Media Strontium Ferrite
Tape Tiicknens 6.1 5.9 43 4.3 4.7 4.3
(micrometers - pm)
Tape Length (meters) 890 917 1255 1255 1098 1255
* assumes 1MB of text data per book ?.==_-?.__=_=

£0 are Uadermaris of [BM Corp. registersd in many (Urmdictions warldwide. Other Droduct and SEIVICE Hames Maght be trademarks of

M Corporation 2020. TBM and the 18M logo are tr:
£ of 1M tradermarks 18 avasable on the Web a1 “Copyright and trademack erlormation” at wivm. R .comlegsl/comytiade simi

® Copyright Iy
companies. A current s

https://interestingengineering.com/innovation/new-magnetic-tape-delivers-a-record-580tb-storage-capacity

10 or other
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. SSD980

WWW SaMSUNgG com'ssd

SAMSUNG ELECTRONICS CO LTD

Form Factor Capacity Sequential Read Speed Sequential Write Speed
M.2 250GB, 500GB, 1TB Up to 3,500 MB/s Up to 3,000 MB/s

M.2 = 22 millimeters wide and 60 mm or 80 mm long



NVM = controller + flash NAND die semiconductor

NAND semiconductors have some characteristics that present their own
storage and reliability challenges. For example, they can be read and written
in a “page” increment (similar to a sector), but data cannot be overwritten—
rather, the NAND cells have to be erased first. The erasure, which occurs in
a “block™ increment that is several pages in size, takes much more time than
a read (the fastest operation) or a write (slower than read, but much faster
than erase). Helping the situation is that NVM flash devices are composed
of many die, with many datapaths to each die, so operations can happen in
parallel (each using a datapath). NAND semiconductors also deteriorate with
every erase cycle, and after approximately 100,000 program-erase cycles (the
specific number varies depending on the medium), the cells no longer retain
data. Because of the write wear, and because there are no moving parts, NAND
NVM lifespan is not measured in years but in Drive Writes Per Day (DWPD).
That measure is how many times the drive capacity can be written per day
before the drive fails. For example, a 1 TB NAND drive with a 5 DWPD rating
is expected to have 5 TB per day written to it for the warranty period without
failure.



Flash Translation Layer (FTL)

laleos (layer) dnvuu 6U OS
invalid IErEE ©:UDvLlRULA valid page tnuu
page page

invalid invalid
page page

1 page = 4KB ua: 1 block = 128 pages WdgulauAna: page ua:ldgunu page 10U
T1a dovaunou ucidovaunv block

ey (BUlaa) page LGB 9 2:CDVl8 page tHLLAUD WaHUQ block Adoviu
block tHU MK block KUQTUISOUNA 9:=au invalid page AILIA tws1:tu block I
valid page Uuagadg (sUdvuu)

Garbage collector a:mviutdus:=g: a Tagou valid page 910 block KUVIUUN
UAOUNTULAUTTU over-provisioning space lWa:ldau block Uuld (Govauntded
nv block)

Wear leveling 191 block Alauauupgnsvundaaultdnou LWDTHaNHSDLNN a AU



SSD Over-Provisioning And Its Benefits

Many people are blissfully unaware that one gigabyte (GB) is precisely 1,000,000,000
bytes, and one gibibyte (GiB) is precisely 2730 = 1,073,741,824 bytes, or about 7.37% more
than a GB. Many people are also blissfully unaware that storage is properly measured in
gigabytes, whereas memory is properly measured in gibibytes. Even though SSDs are
built from NAND flash memory chips, they are marketed as storage devices, and SSD
manufacturers reserve the extra 7.37% of memory space as a provision for background
activities such as garbage collection. In practice, an SSD’s performance begins to decline
after it reaches about 50% full. This is why some manufacturers reduce the amount of
capacity available to the user and set it aside as additional over-provisioning.

128GIB—*

- 7.37% Inherent OP SSD Over-provisioning Example

Tieen / Allocation of NAND Flash Memory Inside A
A O 100GB SSD with 28% OP
s / Over-provision Ad IRUAUADIBISY
Dynamic OP 1Da1¥oa user data tNAU WU 100 GB

(PvQ OP space JJHDIHUIKUINNIN

https://www.seagate.com/as/en/tech-insights/ssd-over-provisioning-benefits-master-ti/



Volatile Memory

- RAM drives / RAM disks a$wdulas OS oISy boot §oH1 disk Ttod
- Rtdawsaasiv RAM drive dhHSUMSTEVIUNTUIG

ITEMS

Frequency
Density
OndieECC
Bank
VDDNDDQ
VPP
BL

DFE

Same bank refresh

DDR4

1600~3200Mbps
2Gb, 4Gb, 8Gb, 16Gb
No
16banks
1.2V

2.5V

3200~8400Mbps
8Gb, 16Gb, 24Gb, 32Gb, 64Gb
Yes
32banks
1.1V
1.8V

16

ihavecpu.com/article/392/anuiuauihiin-sk-hynix-Uasamuaziduausu-ddrS-mnauniiiagefia-8400-mhz

https://linuxhint.com/create-ramdisk-linux/



- Transfer data 1.5x faster at a 38% higher bandwidth than

DDR4

DDR4 VAT 3200Mbps
DDR3 @GRV 1600Mbps
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Programming NAND Flash Cells

When the floating gate is charged it is programmed to a binary value of 0

Voltage Applied

IKJDU transistor wuu MO
uAwwu floating gate

tausvaugvtH electron
LW floating gate
lDIWSVAUDDNUAD

electron AFVAVAIVDE
tu floating gate

FET
*

SOURCE DRAIN

https://www.youtube.com/watch?v=A0O7CNNZmtTw



strong

tunnelling

electric fields
Control Gate

Si0:

. Floating Gate

Si0:

n-Channel

p-Substrate

.
*
¢

n+ n+

Since the FG is surrounded by highly resistive material, the charge contained in it remains
unchanged for long periods of time, nowadays typically longer than 10 years.

https://www.youtube.com/watch?v=r2KaVfSH884



Erasing a NAND flash cell

When the floating gate is not charged it is in an erased state and has a binary value of 1

tausvautK electron
LU floating gate
(tunneling)

MUoe a isolation layer
Aavo:dou uazidsunsu
Wwia

SOURCE DRAIN

SAdnstdduiendn flash (cell) wsi:30uauldidounn tkdouuay flash uovndavaasy
https://www.youtube.com/watch?v=A0O7CNNZmtTw



Control Gate

Si0O:

i Floating Gate

Sio: *

10V

p-Substrate

https://www.youtube.com/watch?v=r2KaVfSH884



Reading NAND Flash Cells

A reference voltage is applied across the source and drain to measure the current thresholds

it 'I ) i O!
QA1DSUY
tusuaald

CONTROL GATE

FLOATING GATE

CONTROL GATE

SOURCE SOURCE DRAIN

https://www.youtube.com/watch?v=A0O7CNNZmtTw



3V usvdu 3V U dudlanasau
tHWpgtu n-Channel
nAs:uadvikariuia

Control Gate

S5i0:

Floating Gate

S5i0:

o n-Channel o

oV

p-Substrate

3V usvdu 3V Gualanasau
tRWwpgtu n-Channel Wla
ws1:Gadlanasoutu floating gate

Control Gate
Si02

» Floating Gate *

Si02

0000
oV

p-Substrate

https://www.youtube.com/watch?v=r2KaVfSH884



Disk Attachment

1. Host-Attached Storage (local I/0 port)
IDE, Serial ATA (SATA)
SCSI (81U scuzzy), FC for high-end workstations
1 SCSI initiator + 15 SCSI targets per bus
FC (Fiber channel)
FC-AL (arbitrated loop) 126 devices and controllers.

=

BT L T

e

2. Network-Attached Storage (NAS) uu LAN
3. Storage-Area Network (SAN) uU private network tgumuhuav



Fiber Channel TaA>WIS23vda
16 Gb/s HSD 2 GB/s

HP 416728-001 300GB Fiber Channel hard disk drive — 15,000 RPM,
with fiber channel arbitrated loop (FC-AL-2) protocol

Can be installed into the HP M5314A FC 14 bay disk drive enclosure



SATA is a point-to-point serial system.
v:CipwivddnHale a s vuaiglauldediula




SATA Hub

1 port wooaansareula (asvdiunAu SCSI )
WCitd hub HSD expansion card 1Q




1. Bandwidth 1.5 Gb/s 3.0 Gb/s 6.0 Gb/s
2. Actual Speed 150 Mb/s 300 Mb/s 600 Mb/s
3. Backward Compatibility - Yes Yes
4. Forward Compatibility Yes Yes Yes (SATA 3.1 and 3.2)
5. NCQ No Yes Yes

Optical drives like CD and
6. Best Use case VD Mechanical Hard drives SATA SSDs

7. Released 2003 2004 2009

* Note that a gigabit (Gb) is not the same as a gigabyte (GB). 1 GB =8 Gb.



SCSI

"R
B

UNouwuvu onboard KSo PCI card

From Computer Desktop BEncyclopedia
= 1998 The Computer Language Co. Inc.

external
chain

SCSI host adapter

The last device in
bhoth the internal and
external chain must
bhe terminated.



Current SCSI Standards

R s Maximum cable Maximum Maximum number
length (meters) speed (MBps) of devices

SCSH 6 Single Ended 5 &
Fast SCSI 3 Single Ended 10 8
Fast Wide SCSI 3 Single Ended 20 16
Ura SCSI 15 Single Ended 20 8
UtaSCsi 3 Single Encled 20 4
Wido Utra SCS! 40 18
Wido Uitra SCSt 15 Singio Ended 40 8
Wide Ultra SCSI 3 Single Encled 40 4
Wira2 SCS! 12LVD/25HVD 40 8
Wida Uiltra2 SCSI 12 LVD/25HVD 80 16
(umsgc&su 12LVD 160 16
Ultra320 SCSI 12LVD 320 16
UitraB40 SCSI 10LVD 640 6

https://www.techtarget.com/searchstorage/definition/SCSI




13 bandwidth sou
U applications

NAS

A1KuQ file system
LU NTFS KSo Ext4
Aoutdviu

NAS

Client Kag a Ad
wssSiwauu NAS dolaedia

LKU:AUNSTEVIUOIUUIURSDDVANSULNAOLAN

client

client

client

i . W M.

a1 LAN

R
o
(Y B




K raw blocks fiU server client
server TUAKUAQ file system 1DV server
i _ Tt T client
storage 8 bandwidth ugn LAN/WAN
array V1N applications server Packet
switching client
storage ‘
array Circuit data-processing
switch center
8 network protocol
tape d1HSU storage web content
library LK1=V data center provider

NAS fiu SAN chvAugvlv ? NAS THUSAS file-system space uci SAN tHUSA1s free blocks

https://www.youtube.com/watch?v=3yZDDrOJKVc

Thick vs. Thin Provisioning

https://www.youtube.com/watch?v=Ks6XgT69ZLc



https://www.youtube.com/watch?v=3yZDDr0JKVc
https://www.youtube.com/watch?v=Ks6XgT69ZLc

File system (FS)

= data structure #ltlunaiiu files way block

> File NAS

System

COMPUTER || COMPUTER || COMPUTER § . \) | S | | |
file
DN e s |
LAN NAS sauiunsaiuany o gnidsaemiu
NAS OS \lupuaine file system aunen
wrfliuaenivmafiane < 1ATes
(\aan FS ann NAS OS)
b ock
SAN
COMPUTER
File block N [
System 1 | [ | mm
Flber SAN a1 blocks sasaarfisnuaumsanriu
Optics waasaulslfranfomefurazinras (luduasiu)

COMPUTER OS fluauais file system
(\aan FS ann COMPUTER 0OS)



THICK

THIN

Disk
500 GB

Henldnu SAN waz VM

Alisnng cloud fiwwvin thin-provisioning
widsuilugnAnansaziiudyryuuy thick-provisioning

‘14239 10 GB

SAN azlvunaarvinnldiudayaasa vinlinnunmas lilaing
VM sl Anpnldansifinanuaunui widiiBunndeyaivym

v =

£ a 6 znl Y o aa 14 v
FAIMIAANNINN LAY AagiaD ﬁ]ﬂ’ﬁ‘idﬁﬁ’]u?]'ﬂ\‘i@ﬂ A1

Thick 1 vm 4 s2 Thin 16 vm 200 sn



Disk Scheduling

1. FCFS scheduling
2-SSTFscheduting
3. SCAN scheduling
4. C-SCAN scheduling

5 1LOOK/C-LOOKscheduting

Note:
FCFS = First Come First Serve
SSTF = Shortest Seek Time First
C = Circular



FCFS

queue = 98, 183, 37, 122, 14, 124, 65, 67
head starts at 53 (cylinder qsutuntnusn)
0 14 37 536567 08 122124 183199




queue = 98, 183, 37, 122, 14, 124, 65, 67
head starts at 53
0 14 37 536567 98 122124 183199

C-SCAN #eligadislilmuaen ade | fiuans




C-SCAN
queue = 98, 183, 37, 122, 14, 124, 65, 67

head starts at 53

0 14 37 536567 98 122124 183199
L | |1l | I ||
| |

Service only in one direction (left to right)
provide more uniform wait time

suuou

!

o A0 request IWULJIWNU queue WUU SCAN fD:
service C1lDUIVANAUIAUNUIEIY MK A T8AS1e
\ } IWS1:UINDU WciGovsauluu1Innd1o:=la service




Disk Management

1. Disk Formatting
- Physical formatting 13u A1HuUQ block size Wu 512 H3D 1,024 bytes
- Logical formatting 13U AKUQ partition \Ju drive C: ua: D:

Block (sector) r -
Logical block O, 1, 2, 3, 4, ... (h OS HU)

Metadata - :
Header  |e— 2:9N map NU defect-free sector LU

15U sector 1d Sector 475, 476, 980, 981, 982, ..
QHSOlLdY

Data
512 bytes

Trailer e«— Error-correcting code

(ECO)
Soft Error: Read:
awnsa recover 10910 ECC disk controller AMUd?U code KU ua:
1BA31aSVAU code U trailer 32T ML
Hard Error: 2109:aDVWENYIUDIUTKUDAASY aLAU n
lawisa recover 110 ECC ASVTE1SoD: error
(bad sector)
Write:

disk controller AMUd?U code tHU ua:
Llggunuaviu trailer



Disk Management
2. Boot Block

Logical

Formatting B

MBR = master boot record -

g—

partition 1
partition 2
partition 3

partition 4

3. Bad Blocks

Used

MBR

boot
code

N partition
“.| table

boot partition

Spared sectors

Booting steps:

1. 1Haa first program (BIOS)
V10 ROM

2. First program v:lU91u boot code
910U MBR

3. Boot code d:91U partition table
ldua:anvs$i1UlHaatdsunsuciniy
U191N partition tQ

4. 1Haa OS kernel 1A boot partition

MBR wcuuntUidu GPT
GPT = GUID Partition Table

BIOS wauunluidu UEFI

sectors ————] Bad sectors (from factory)



Swap-Space Management (swapping - paging)

Dguu
file system'

(uss, vonglq)

HSD

raw partition?

System Properties 2 1l Virtual Memory

System Restore [ Automatic Updates [ Remoate \

Drive ['»’olume Label] Paging File Size (MB)

J
\
| General

I
\

|

Computer Name | Hardware Advanced ’ re——

Performa
Visual el

(perf NI, coptiguo

Windows XP
i page file

Desktop

Linux 8 WUU P stawp

iJ swap parti
(HSo:13 file

System

wuyois

tion
slys Ata)

|

' Visual Effects | Advanced lData Execution Prevention |

S) Processor scheduling

f

You must Performance OPnons

F: [KINGSTON]

o

Paging file size for selected drive

Drive: ]
By default, the computer is set to use a greater share of Space available: 502629 MB
processor time ko run your programs. @ Custon s
Adjust for best performance of: Tnitial size (MB): 763 ’

® Programs (O Background services k|
Maximum size (MB): 1 1336 ’

() System managed size
(Mo paging file

Memory usage

By default, the computer is set to use a greater share of
memory to run your programs.,

ing file si Il dri
Adjust for best performance of : ot paging e s oyl criver

Minimum allowed: 2 MB
Recommended: 766 MB
Currently allocated: 768 MB

(®) Programs () System cache

Virtual memory

A paging file is an area on the hard disk that Windows uses as
if it were RAM,

Total paging file size for all drives: 768 MB

][ Cancel ]




RAID (Redundant Array of Inexpensive Disks)

Error detection (parity bit)

SEND| 1 1 0] 1 1 Even parity

X disk Ldg 10D
rebuild data 1a

Receive| 1 (| ?2 || O || 1 1 | Even parity

Error detected, need retransmission (HQlAWULAU 1 UO HSDIUDUA)



RAID (Redundant Array of Inexpensive Disks)

Data striping (bit/byte/block)

10

1 > Stripping

iU redundant

10

wainmiRauLdeudoyalalsodu

Disk 1

Disk 2

Disk 3

Disk 4

Disk 5



RAIDO

= Stripping

(a) RAID 0: non-redundant striping. rEsUGoUTAETU

RAID1

pair

| |
= b b bbb b

RAID 1
| ]
AL AL
A2 A2
A3 A3
A LAY
— —

Disk 0

Disk 1

(b) RAID 1: mirrored disks. ) )
Mirroring

JUayayvAiu 2 ya sulaisoiu _

Uovnunistdoriguov disk atacHO

Uovriu disk ¢dtachriovide
waaLFewsSouAauNvaovMNEILILUIa



RAID5S
= . ] Distribute parity blocks
Reduce the workload of P-disk

(d) RAID 5: block-interleaved distributed parity. WS1:NNASOCDVIT8U P-disk WWou P-disk d:1§emiou

RAIDG6
P + Q redundancy scheme

Allow multiple disk failures
(e) RAID 6: P + Q redundancy.

RAID controller & @ 2:n1 HOT SWAP ua: HOT SPARE 1a

SIUWULGU http://en.wikipedia.org/wiki/Standard_RAID_levels



RA'D 1+0 (more tolerant than RAID 0+1)

Write order from CPU for data "ABCD”

."-
-r‘
-'--
C
-'--
-“
-".
-"-
-t L
-

Logical drive
Striping (RAID 0) .

nu disk ldglauinnga 4 ad
ua:sSulasaneg combination Qg
upeNtRLUU disk AdNAAU

Physical drive
HDDS Mirroring (RAID 1)

Photo from Fujitsu http://decipherinfosys.wordpress.com/2008/01/15/difference-between-raid-01-vs-raid-10/



RAID 1+O vs. O+1 =

Write order from CPU for data "ABCD” D

Logical drive
Striping (RAID 0) .-

: #fong
ﬂﬁn
g HDD3 ‘
* M; HDD7
it
HDD2

HDDE

¥ HDD1 ‘ Physical drive
- HDDS Mirroring (RAID 1)

Mirrg i

W 1 Wo 2
nu disk Laﬂlomnnao 4 Cd ua: ODODEJNOLOEDﬂUHUO
a0 disk laanoaaowo UWeviva=ad Ad=rviudalula



AMKUQIRD disk NuKUQ 8 O wa=AwU:l0un disk ORUVI:=IFIHAVIINIGYIU
JUs:zg:=1alKUvLNIAU 0.001 svuaavnisAuduAUUID=L0Un RAID 1+0 d:L39
AUMVIUCGDIUTA uazuaavnisAmudcuuov RAID O+1 Qe

RAID 140 | HD1 HD2 | Prob i disk 1 fl LRUAD 0.001° Fosdes 2 i

HD3 HD4 | Prob 11 disk 1 q 2 1Tuwldfe 1 - 0.001° dslamaddls

HD5 HD6 | Prob 7 disk V3 4 dazlgawlada (1 - 0.001 2y

; RAID1+0 Tanuslailg (mm@mm@ﬂ 1 gh mlrror ﬂumﬂ)

HD/7 HD8 Prubﬂ&r&k—‘l%—érﬁ%—l;ﬁﬂﬂﬂ 1—(1-0.001 ) = (0.000004

_ _ - N strlpplng 5
RAID 0+1 | HD1 | HDS | prop filsibsaz inanuleivinay (1 — 0.001)* desis 4 i
HD2 | HD6 i stripping .
Prob TPNRIIAZFIWNAL 1 — (1 — 0.001)* dimlasaviteds
HD3 | HD7 | . . 4o
HD4 | HDS Probe NazLRYINITIRI (1 - (1 -0.001)") = 0.000016

@lanmsRNINNI1 RAID 1+0 919 4 1¥7)




Server | Tower * 10.0.0.15
! D ption | Media server

stration | Pro

Uptime | 20 minutes

DASHEOARD MAIN SHARES USERS SETTINGS FLUGINS DOCKER VM5 APPS STATS TOOLS [m H ] @ (| B

2 Array Devices

Device Identification Temp. Reads Writes Errors FS Size Used Free
» ® Parity £ STB000VNO022-2EL112_ZA15Q627 - 8 TB (sdq) 90 F 45 124 0

-+ ® Parity 2 £ ST8ODOVNOD22-2EL112_ZA15RGES - 8 TB (sdd) 97 F 45 124 0

- ® Disk 1 £ ST3000DMO01-1CH1B6_W1F3X376 - 3 TR (sda) 81F 64R7 14 0 s 3TB
- ® Disk2 2 TOSHIBA_DTOTACA300_Y44TLOSGS - 3 TB (sdn) 84 F 1926 12 0 xfs 3TB
» ® Disk3 & TOSHIBA_DTO1ACA300_Y44TLORGS - 3 TB (sdp) 86 F 601 12 ] xfs 3TB
+ ® Disk4 £ ST3000DMO01-1CH166_W1F3WXVO - 3 TB (sdm) 82 F 245 5 0 sefs ER M 2.68 T8
- ® Disk5 £ TOSHIBA DTO1ACA300_54GO0E13GS - 3 TB (sdI) 88 F 424 10 0 xfs 37TB
» ® Disk6 £ WDC_WD3DEZRX-00DBPBO_WD-WCCAN1229543 - 3 TE (sdk) 84 F 334 11 0 xfs Rl 2.63 TB
» ® Disk7 £ STB000AS0002-1NA17Z_Z840MM2Q - 8 TB (sd]) 88 F 30,962 11 0 xls 8TB 3.47 T8
~ ® Disk8 2 TOSHIBA_DTO1ACA300_45AS963GS - 3 TB (sdi) 86 F 437 11 0 xfs 3TB
- ® Disk9 2 TOSHIBA_DTO1ACA300_Y37AV61GS - 3 TB (sdh) 90 F 340 11 0 xfs 3TB
» ® Disk 10 = TOSHIBA_DTO1ACA300_54GOMNTGS - 3 TB (sdf} 88 F 291 5 0 xfs 378
~ ® Disk 11 £ 5T8000AS0002-1NA172_Z840PXVB - 8 TB (sdg) 93 F 430 12 0 xfs 8TB 3.99 T8
~ ® Disk 12 2 STS0D0AS0002-1NA17Z_Z840PRIW - 8 TB (sdb) 90 F 255 5 0 xfs s1e [JEEERES

» ® Disk 13 £ STB000AS0002-1NA17Z_ZB40PIOW - 8 TB (sde) 93 F 253 5 0 xfs RN 5.93 T8

Total Array of fifteen devices 88 F 43,075 372 0 59 TB

® Cache Devices Linux OS (NAS) 1§ disk yunatawaununld vgngnuldviy 8o disk UILWU

Device Identification Temp. Reads Writes Errors F5 Size Used Free
» ® Cache £ Samsunq_SSD_850_EVO_500GB_S21HNSAG142765B - 500 GB (sdr)  B1F 21,163 10,447 0 btrfs 500 GB

© Array Started unRAID® webGui ©2018, Lime Technolegy, Inc. & manual
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