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aNna BupoeoHabnoaeHus
CUNCTEMHDbI
OO

TexHONTormm XpaHeHm4
OnblIT HGST

[‘puropu


mailto:grigory.nikonov@hgst.com

NcTtopuna HGST

Hlc,
S]T

OcHoBaHa B 2003 B pe3ynbTaTe CIMSHUA NPOU3BOATCBA
XecTkunx anckos IBM, komnaHun-cosaartena HDD, un
Hitachi, Ltd (“Hitachi”)

NpunobpeteHa Western Digital B 2012

[[onoBHOM odunc HaxoamnTca B CaH Xoce, KanndopHus
Bo Bcem munpe pabotaet okono 38,000 coTpyaAHUKOB
Bonee 5,200 gencrteytowmx nateHtoB (YE2013)

rlpOVI3BO,£I,VIT MHHOBAUWMOHHbIE MPOAYKTbI. XXECTKUNE
ONCKHA, TBEPAOTEJIbHbIE HAKOMUTEJTN CEPBEPHOIO
K/laCCa, ANCKOBbl€ MOJIKU N CUCTEMbI XPaHEHUNA AAHHbIX






MHAYCTPUA XPAHEHUA AAHHbIX HA CQ1’17

(kBapTanbHbI Aoxon B $ Mrpa.)

Western Digital. SAMSUNG TOSHIBA




CAMBbIE CUABHDBIE NATEHTHDBIE MOPT®EAU B MUPE
“‘IEEE Power Six”

Google Inc.

Apple Inc.

Western Digital Corp.
Qualcomm Inc.
Facebook Inc.

Ford Motor Co.

Intel Corp.

AbbVie Inc.

Flex Ltd.

IBM

=
Samsung Electronics Co.

=

Micron Technology Inc.
=

Seagate Technology PLC

/
/

/
/

661

250

2472

Source: 2016 IEEE http://spectrum.ieee.org/static/interactive-patent-power-2016

18554



Aeduuut NAND

NPOrHo3

104%
103%
102%
101%
100%
99%
98%
97%
96%
95%

94% '
1Q16 2Q16 3Q16 4Q16 1Q17 2Q17 3Q17 4Q17 1Q18 2Q18 3Q18 4Q18

B Forward Insights B Gartner

Source: Gartner, Forward Insights, 2017



|- pcie ssp

Clustered Databases — Analytics

SAS SSD

Online Transactions — HPC

SATASSD
Web2.0 - Applications

PERFORMANCE HDD

Processing — Content S

CAPACITY HDD
Cloud Storage — Hyperscale

MOBILE HDD

Laptop — Automoti
CE - Industrial

B9

ENCLOSURES

FaTaimTal
[H H H]

JBOD —
Data Repositories

SYSTEMS

Active Archive —
Cloud Infrastructure

NAS/DESKTOP HDD

NAS — External

B 1956 rogy mbl npuaymanu
nepBbin B MUpPE }KECTKNIM ANCK

Hlcls]T

CerogHAa HGST npegnaraet MHHOBALMKM BO BCEX CErMEHTax
NPOAYKTOB ANA XPaHEHMA AaHHbIX — OT cynep-6bICTPbIX
TBEPAOTE/IbHbIX HAKONUTENEN A0 APXUBHbBIX CUCTEM C
MAKCMMaNIbHOW NIOTHOCTbIO Pa3MeLLeHNA B MUpe.

Ha aTom mbl He OcTaHOBUAUCH



dHeéHUne HYy>XHO Be3ae

Edge NVR/DVR

Samisk
__Industrial

CLOUDSPEED. .

Accelerator

Ultrastar® He”
Enerpise Capocly

12TB

7200 RPM HDD

Cloud




JBOD
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4U60G2 JBOD

Jluckosas noJjika 8vicokol niomHocmu

OcobeHHOCTH
4 Rack Units
12 I'6/c SAS3

60 aunckos Ultrastar (4Tb, 6Tb, 8Tb, 10Tb n 12Tb)
BapuaHTbl eMkocTU(TB): oT 144TE no 720TH

SCSI Enclosure Services (SES-3)

Nopsayasa 3ameHa HDD, PSU, IOM

Bo3MOXHOCTb ycTaHoBkKn SAS SSD

Cneundukaumsa
dopmM-dakTop
Bec
KoHTponnep

BHewHune I/O nopThl
Obbem

bnok nutaHus
BeHTUNATOpPbLI
[MpowuBKa
Okpyxatouwas cpena

19" 4U rnybuHon MeHee 1M . KopnopaTMBHbIVI K/lacc

198 dyHTOB / 90 KT v Topsyas 3ameHa HDDs, IOM, PSU (BCTpoeHHble
3ameHaeMble IOM BEHTUASTOPbI)

Moanepxka HD Mini SAS (8 v Pe3epBupyeMble Moaynm eeoga-sbisoga (IOM)

nopToB)

60 He8 HDD's = [enueBble auckn HGST no3sonswoT
1650BT MUHUMU3NPOBATb dHepronoTpebrieHne u
4 nHTerpuposaHsi ¢ PSU Temnepatypy (~700BT, ao +35C)

SCSI Enclosure Services (SES-3)
OT1 5° no 35°C



4U60 G2 EMKOCTb 1 MPOU3BOANTENBbHOCTb

Best $/TB
| prive |  Enclosure
Performance (max. Limit) B IOPS Bandwidth IOPS Bandwidth 150TB 24 x 6TB
Read / Write at 600 23K 14.6GB/s 9.38M 38.4 GB/s 200TB 24 x 8TB
maximum queue 480 23K 13.2GB/s 9.38M 38.4 GB/s 25078 24 x 1078
depth
(fully populated) 360 18K  13.3GB/s 9.38M 38.4 GB/s 30078 24 x 1278
400TB 36 x 10TB
Read / Write at 288 14K  10.6 GB/s 9.38M  38.4 GB/s X
maximum queue 240 9K 5.8 GB/s 9.38M  38.4 GB/s 500TB 48 x 10TB
depth
(partially populated) 192 9K 5.3 GB/s 9.38M 38.4 GB/s 600TB 60 x 10TB
144 7K 5.3 GB/s 9.38M  38.4 GB/s 700TB 60 x 12TB

= [lpon3BoANTENBbHOCTb HE OrpaHM4yeHa CKOPOCTbH LLUACcCu
= [IponyckHasa cnocobHOCTb 3aBUCUT OT KoMbuHauum HDD/SSD



Long Live Data™

SATA nnn SAS?

Kepler Seq Rd 2 Drive Ramp 64KB SeqRd Q8 Aries-HC8 8TB

9000

8000 ~ 8569 MiB/s (8985 MB/s)
7000 "””’

6000 "””"

5000 "””"

g / 3945 MIB/s (4136 MB/s) AR8-SATA-8Phy
= 4000
/ ——— ARS8-SATA-4Phy
3000
1973 MiB/s (2068 MB/s) — AR8-5AS-8Phy
2000
1000 7

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Number of Drives

moe ©2015 HGST, Inc. All rights reserved. Confidential 6/26/2017 12



Long Live Data™

KackagnpoBaHue rnosiok

Server-1 Server-2

HBA-1A | HBA-24

|
10 |

IOM-4A

= MIiNSAS HD to miniSAS HD short, P/N 1EX0328 (2-pack)
mMinSAS HD to miniSAS HD long, P/N 1EX0329 (2-pack)

mee ©2015 HGST, Inc. All rights reserved. Confidentia 6/26/2017 13



Running RAIDIX Block Storage
Fiber Channel SAN Use Case

= Fiber Channel SAN storage

Metadata controller

= high throughput

Clustered SDS

4 R
= dual, redundant data paths b oo e ...
= stable write performance sesvon [ T s
= unique RAID 7.3 algorithm —| b4 |7
i HGST
| A—
Proposal verified and published by Entry, UA \ J

mee ©2015 HGST, Inc. All rights reserved. 6/26/2017
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Running RAIDIX File Storage
NAS Ethernet Use Case

= Ethernet NAS Storage
= File access via 10/40 GbE
= high throughput
= dual, redundant data paths

= Unique RAID 7.3 algorithm

Proposal verified and published by Entry, UA

mee ©2015 HGST, Inc. All rights reserved

< e
6P  E

10-40 Gb/s Ethernet

40 GbE Switch Aﬂx
R ERDOX 1-10 Gb/s Ethernet
i @
] 40 Gb/s Ethernet Clustered SDS
=Y
Node 1 Node 2 1

- -

T B

SAS HBA ‘§|

JBOD
HGST

6/26/2017

i3
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HelioSeal® HDDs: 3 roaa v 4 noKoJIEHNS CNyCTS

Reduced

Flutter

Thinner

Disk Rotation [y Helium

He He I
Less ’
Motor
Drag

Helium - 7 Disk

= Ha 4°C meHbLie npu paboTte
= Ha 23% meHbLle mowHoCTh (idle)

OTrpy>xeHo >10 MJIH resineBbiX JUCKOB

« 1-oe nokoneHue He® no3BoanIO OTrpy3uTb 6onbLIOE
KONMMYeCTBO AMNCKOB 3aKa3uynkaM

« 2-0€e nokoneHune He® noaTBEPANNIO MPUHATUE PbIHKOM

- CnepaylouimMe NoKosieHnsa co3aatoT 60MNbLIYI0 EMKOCTb U
NPON3BOANTENBHOCTb

lNpuHaATNE pbIHKOM
* YCTaHOBJ/IEHbl B KpynHenwune gaTta UeHTpbl MUpa
« [loaTBepxaeHHoe npeBocxoactso TCO

« [loaTBep>XAEeHHbIN NOoKa3aTeslb HapaboTKM Ha O0TKa3 B
2.5M vyacos

Crnipoc Ha BbICOKME eMKOCTH NMpoao/NKaeT pacTm



Jlydiwnm »xxectknm amck 6onblioro obbrema

h

- MakcuManbHbIN 4_ 5000
go  Western Digitl brand
7 obbemMm 12TBH Bosblue 06bem*
D MuHMManbHoe “ 54%
SHepronorpebtnenne R, b . Menbwe
hterprise Capacity 3HepronoTpebneHne
EN I ELYER -
() - 25%
HAAECXHOCTDb 2.5Mu MTBF AR L  Bonbllie HageXHOCTH

A 4

*Mo cpaBHeHuto ¢ 8T6
BO3AYLUHbIMU ANCKAMM



[ enneBble ANCKU CTaBAT peKopa HaAeXHOCTU
YBennmunBaem MTBF, yTobbl CHn3nTb TCO

HGST HelioSeal

KoHKYpeHTbI: KoHKypeHTbI:

Desktop Enterprise 2.5M yacoB
400-800K 4acoB 1.4M vacoB
| |
|
1M 2M 3M

yacoB 4yacoB YyacoB



[ enneBble ANCKU CTaBAT peKopa HaAeXHOCTU
CBoKCTBa resineBon nNaarpopmMbl yaydLuarOT HageX HOCTb

« 2.5 MnnnnoHoB 4acoB HapaboTku

Ha OTKa3 NMoATBEP>XXAEHDbI HGST HelioSeal

— BHYTpEHHMUMU TecTamMu
AL 2.5M yacosB

— [1aHHbIMM «C Nonen»

1M 2M 3M
yacoB 4yacoB yacoB
« 2.5 MUNIMOHOB YacoB HAapaboTKM Ha OTKas3

n3-3a.

— bonee HM3KOM TeMnepaTtypbl paboThbl

— Bbonbliero 3anaca Npo4YHOCTU NpU An3anHe

— HEBO3MOXHOCTU 3arpAa3HeHUs Npu U3roToBAEHUNN
— Hnskoro ypoBHs Bnbpauuu
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Ultrastar® SN200/260

BTopoe nokoneHune
NVMe - 2X eMKOCTb U
2X ckopocTb (6.1I'B/c
vs 3.0'6/c) vs. SN100

/63818 11.2M

Camas 6onbluas Camas BblCcOKas
emMmkocTb NVMe NPOU3BOAUTENILHOCTb B
Hakonutensa B 2.5” un CNy4YanHOM YTEeHUMn
HH-HL

JloCTyrHocTh: cenmyac

560K

[TpekpacHble
nokKasaTtenu B
CMeLlaHHbIX Harpyskax
(4K 70/30) pgo 560K
4KiB IOPS




HGST Ultrastar® SN260/200

Cneungpmkaymm

Capacity

Random Read 4K

Random Write 4K

Random Mixed 4K
70/30

Sequential Read

Sequential Write

SN260

1.6TB,3.2TB
6.4TB

1.2M
200K

560K

6.1GB/s
2.2GB/s

1.927B,3.84TB
7.68TB

1.2M
/75K

270K

6.1GB/s
2.2GB/s

SN200 U.2

U.2 1x4, 2x2 3 DWD

800GB, 1.6TB
3.2TB, 6.4TB

Random Read 4K Up to 830K

Capacity

Random Write 4K Up to 200K

Random Mixed 4K
70/30

Sequential Read 3.3GB/s

Up to 500K

Sequential Write 2.1GB/s

960GB, 1.92TB
3.84TB, 7.68TB

Up to 830K
Up to 75K

Up to 240K

3.3GB/s
2.1GB/s

23
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CloudSpeed™ Gen II

TBepaoTesibHbIN HakornutTesib SATA KopropatuBHOIMo KJsacca

CLOUDSP

CLOUDSPEED
G

NHTepdenc SATA 6I6/c SATA 6I'6/c
PeXX1M MCcnonb30BaHUS Very Read Intensive Mix-Use

NAND SanDisk 15nm MLC SanDisk 15nm MLC

EMKOCTb 480I'6/960I'6/1920Ib 400r6/800Ie/1600I'6
MpounssogutenbHocTb (IOPS) [o 75K/14K IOPS o 75K/30K IOPS

70/30 Random Read/Write (4K) 32K 55K

Dfecﬂjggianfg:“"e [lo 525/460 MB/c [lo 525/460 MB/c

CpenHAad 3a4epxKa YteHus 114us 114us

CpeaHaqa 3aaepXxKa 3anucu /5us 34us

N3HOCOYCTONUYMBOCTb 0.6 DWPD 1.8 DWPD

[@apaHTUA 5 net 5 nert



UBER SanDisk Enterprise SSDs

CLOUD!  croupspeep

) ' N
=) i ‘ ,
- -

Disk | isk | Hiisk | 4 Pisk | £l

- - = st Sl

SanDisk kopnopaTtnBHble SSD 10-18  Jlyywmnin nokasaTenb B CBOeEM knacce!
CpaBHuTe:

SSD kopnopaTUBHOIO Knacca 10-1/ B 10 pa3 nyyuwe

HDD kopnopaTUBHOIO Kjacca 10-16 B 100 pa3 nyuuwe

KnuneHTtckmnmn SSD 10-1> B 1000 pa3 nyduwe

KnuneHntckmnmn HDD 10-14 B 10000 pa3 ny4we

UBER = Uncorrectable Bit Error Rate — BepOSATHOCTb BO3HUKHOBEHUSI HEKOPPEKTMPYEMOU oWwKnbKKN npmn paboTe C ANCKOM.
10-18 o3HauaeT, YTo HEKOppeKkTnpyeMas ownbka B cpeaHeM Bo3HMKaeT 1 pa3 Ha 1018 npounTtaHHbix 6MT (1 owwmnbka Ha 111 IB)

Bonee HM3kMM nokasatenb UBER noBbIWaeT HAAEXHOCTb ANCKOBOW MOACUCTEMBbI U MO3BOMSAET MCNONb30BaTh 6o1ee HU3Kue
ypoBHU pe3epBunpoBaHuns/RAID, NOCKONIbKY BEPOSTHOCTb OTKa3a AMCKA HUXe.
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