| O TexHunueckunii BebunHap: NVMe.
(s] T

EcTb nn 3agayuun onsg HOBOro nHtepgenca? AHOHC HOBbIX Hakonutenem ot HGST

[ puropmnit HUKOHOB, CUCTEMHbIN UHXXEHEP



mailto:grigory.nikonov@hgst.com




UHAYCTPUA XpaHEHUA AaHHbIX MO COCTOAHUIO Ha 1 uona 2016.

$17,8

$15,9

Bbipyuka (LTM) B MmApA.

3,4
3 $2,5

EMC ,,)) TOSHIBA w n Cpﬁﬂcron" si’ﬁynix ihlel

(Information (Storage & i
Storage) SEAGATE Memory) (NAND) NetApp (NAND) (NAND) (NAND)


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCIPXr72iz8gCFUzOYwod_msKnw&url=http://gaming.wikia.com/wiki/File:Intel_logo.png&psig=AFQjCNGtB5RGgNegh_oeiN7_v_W9Ansrgg&ust=1445369236168011
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCIPXr72iz8gCFUzOYwod_msKnw&url=http://gaming.wikia.com/wiki/File:Intel_logo.png&psig=AFQjCNGtB5RGgNegh_oeiN7_v_W9Ansrgg&ust=1445369236168011

Long Live Data™

Hawwu cTpatermyecKkme npmnopmuTeETbI
NMpownblie npuobputeHnsn

daza 1 (2008-2012) da3za 2 (2013-2015) | ®da3za 3 (2016-..)

Storage (intel) HGST «$» skyera

SamDisk
JDA: Ent. SSDs HDD / Ent. SSDs Flash arrays
¥ Hslec : a ls

Ent. SSDs, :
Storage enhanced controller Mokynka KoMnaHum SanDisk

SBASIETCS pe3y/bTaToM
Controller MHOrO/IETHEro

CcTpaTern4yeckoro

nJaaHNpoOBaHUA.

VIR’ISENT
Server-side flash

Advanced caching storage HW & SW Kniouesas naes Hawen

cTpaTermm, 3To 4obuUTbCS
NMAEpCTBa Ha pbiHKE
XpaHEeHUs AaHHbIX NYyTEM:

»  [InBepcudunkaumm

A~ NnpoAyKTa
AMPL/I\DATA
_ | —

Software Object st%rage

software

= BepTuKkanbHas MHTerpauus

PaclumpeHue Hawux BO3MOXXHOCTEN MU MHBECTUPOBaHue AsA NOCTOAHHOIO pocCTta
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Long Live Data™

|- pcie ssp

Clustered Databases — Analytics

ENCLOSURES B 1956 roay Mbl npuaymanu m e e
FETeTETE NepBbI B MUPE XKEeCTKUI ANCK

SAS SSD

Online Transactions — HPC

Ha aTom mbl He OcTaHOBUAUCH

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

SATASSD
Web2.0 - Applications

SYSTEMS

CAPACITY HDD

Cloud Storage — Hyperscale Active Archive —

Cloud Infrastructure

MOBILE HDD

L — Aut
aptop — Automo 29) NAS/DESKTOP HDD

CE - Industrial
NAS — External
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Long Live Data™

HGST/SNDK gna nobbix 3anau

Write :
. DWPD > 10 Caching
Intensive In-Memory
Compute
Mix Search
2 <DWPD <3 . VDI &
Use OLTP Virtualization
Exchange Analytics
Read Server
. 0.5<DWPD<1 ;
Intensive Image Web VOD/Media
Retrieval Search Streaming
Very Read DWPD < 0.5 Data Web Content
Intensive : Warehouse Server Logs Repository
Commercial I;_::I::op:s Commercial Embedded Server Boot
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Long Live Data™

NcTtopua SATA n SAS

= 1984/1994 IDE -> ATA-1 (Master/Slave) = 1978/1981 SCSI-1

- 1996 ATA-2 (WD EIDE + STX FastATA, - 1994 SCSI-2 (Fast)

LBA, Block transfer) . 2003 SCSI-3 (Ultra)
= 1997 ATA-3 (SMART) . 2005 SAS-1 (3 Gbps)

= 1998 ATAPI (SCSI over ATA - CD, DVD, - 2009 SAS-2 (6 Gbps)

tape)
. 2003 SATA (AHCI, NCQ) » 2013 5AS-3 (12 Gbps)
. 2017 SAS-4 (24 Gbps) ?

Hardware SATA SAS PCle

Software AHCI SCSI NVMe
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Long Live Data™

[losaBneHne NVMe !lum_)
EXPRESS

= 2011 - lNogasneHune Promoter Group, - CTaHpapTM3aunsa perucTpos,

NVMe v 1.0 dyHKUMOHaNa n Habopa KoMaHA
- 2012 - NVMe 1.1 = I3Ha4yanbHO co3gaH and NAND n NVM
. 2014 - NVMe 1.2 cnenyrLlero nokKoJieHus

- CNpoeKkTUpoBaH A1 KOPNOPATUBHOIO U

« 2014 - O6bpasoBaHue koMmnaHnn NVM KITMEHTCKOro MCAOAb30BaHMS

Express Organization

AANRR L F i )
. CII S.clo . DEALEMC fGCEbOOk ( l n tel @’?ICI’OH CMI'c!osemi =I Microsoft

ower Matters.”

" ORACLE SANMISUNG @) sencare ggﬁtglgn

NetApp



Long Live Data™

TexHndyeckmne ocHoBbl NVMe

= [nybokune ouepeamn 64K x 64K = PaboTta c nobbiMm BAOM NVM

- PekomMeHpoBaHo 32-128 Ent / 2-8 Client — CoBMmectumocTtb ¢ NAND mn 6yaywmmmn Tmnamm

naMaTu

=« KoMnakTHbI Habop kKoMaHa - 13

obsg3aTenbHbIX = anqDGKTMBHaFI pa60Ta Ha 4K

— ATA: 100+ legacy commands / SCSI: 250+ — Bce napameTpbl KOMaHAbl B 0HOM 3anpoce 64B
- Mopnepxka MSI-X = ONuMoHanbHbIN PYHKUMOHaN Ans

— CHMxeHune Harpysku Ha CPU, ycTpaHeHune y3Knx KIIMEHTCKNX N KOPMNOpPATUBHbLIX ANCKOB

MecT

Controller
Management Core 0 Core 1 Core n

Admin Admin lle} e} [le} 1o 1o l{e]
Submission Completion Submission il Submission Submission Completion Submission Completion

NVMe Controller
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oBontouna NVMe ycTpoucTts

2015

Performance AIC
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Long Live Data™

oBontouna NVMe ycTpoucTts

2015

Performance AIC

2016

Performance AIC & U.2 | . Jlor =
Enthusiast AIC \ || — s 55050 e hu o
M.2 consumer e A , ;
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Long Live Data™

oBontouna NVMe ycTpoucTts

2015

Performance AIC

2 O 1 6 sN100

PCle Solid-State Drive

" 00 00000

V/-NAND SSD SAMSUNG :
950 M.2 nvm., -

w. 512GB LT

Performance AIC & U.2
Enthusiast AIC
M.2 consumer

2017

Performance AIC & U.2
2x2 Performance U.2
Essential U.2
Enthusiast AIC

M.2 consumer

BGA
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Long Live Data™

3agaun anga NVMe
2015

Performance AIC

Primary Storage

Mmm\?%’b Ml_.jSQRL
SQL Server

oracie
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Long Live Data™

3agaum ana NVMe
2015

Performance AIC

Primary Storage

M.c.o,m*% MHSQRL
SQL Server

ORACLE
2016

Performance AIC & U.2 pas o S AL ( ' )
Enthusiast AIC &; > 0 &; 5 &E@Aﬁ P Iherelsqodo%
M .2 consumer P i 4 4 di s just someone else's compu
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Long Live Data™

3agaun anga NVMe
2015

Performance AIC

Performance AIC & U.2 @
Enthusiast AIC @ 5 &5&; 5 &Eﬁhﬁ
M.2 consumer e W dy W

2017

Primary Storage

% MQS&

Microsoft: ~—~

SQL Server

e
£ “)
A ‘

There is no cloud

it’s just someone else's computer ,

(01
vSMP Foundation

Performance AIC & U.2 .: §§5
2x2 Performance U.2 T . |
Essential U.2 .
Enthusiast AIC SETTEITTT ] ol o
---------- : i
M.2 consumer , / T Ly
COMPUTE MEMORY STORAGE COMPUTE MEMORY STORAGE

BGA
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Long Live Data™

18+

PERFORMANCE

NG-NVM
Innovation __D DDDD DDDD
RRAM/ PCM Space
PCIe SSD PaclwimpeHue 3aMeHa YHuBepcanbHas
DRAM DRAM NnaMsaTb
2015 2016 2017 2018 2019 2020 2021
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Long Live Data™

HactynneHne NVMe

Enterprise Client

L PCle mSATA &SAS L SATA uPCle

100% 100%

90% 90%
80% 80%
70% 70%
60% 60%
50% 50%
40% 40%

30% 30%

20% 20% —— — — 40% —
25%
10% 10% — —
11% - -
(o)
0% 0%
2014 2015 2016 2017 2018 2014 2015 2016 2017 2018

IDC Worldwide Solid State Drive 2014-2018 June 2014 Forward Insights
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Long Live Data™

3HaeTe nun Bbl?.. iPhone 6s ncnonbsyet NVMe

00000 ATRT 7 5:09 PM ¥ 99%

Root > N66mAP > AppleARMPE > arm-io >
AppleS8000I0 > apcie > AppleS8003PCle >
pci-bridge0 > IOPP > s3e >
AppleEmbeddedNVMeController

Root > N66mMAP > AppleARMPE > arm-io > AppleS8000I0 > apcie >
AppleS8003PCle > pci-bridge0 > IOPP > s3e > AppleEmbeddedNVMeController Q

Properties

Properties I0Class = AppleEmbeddedNVMeController

FPnysical Interconnect = PCI-EXPress
IOPolledInterface =

AppleNVMeControllerPolledAdapter is not

Controller Characteristics = {cell-type = 3,controller-unique-id = serializable

0147086C65DE11030 ,pages-per-block-mlc = 258,capacity = T wr—
64000000000,pages-in-read-verify = 88,caus = 4,firmware-version =

12.22.01,sec-per-full-band-slc = 2752,ce-per-bus = 2,bytes-per-sec-meta = IOReportLegendPublic = Yes
16,num-dip = 8,dies-per-channel = 2,package_blocks_at_EOL = 16304,nand- OPowerianagement = {EhildrenPowerSiate
marketing-name = 1Y128G-TLC-2p ,sec-per-full-band = 8256,cau-per- = 1,MaxPowerState = 1,CurrentPowerState =

1,CapabilityFlags =

die = 2,page-size = 16384,pages-per-block-slc = 86,sec-per-page = 4,num-bus = 32768 ChildProxyPowerState = 1, DriverPo...

2,block-pairing-scheme = 0,chip-id = S3E,blocks-per-cau = 2108,Encryption Type
= AES-XTS,vendor-name = Hynix ,pages-per-blockO = 0,default-bits-per-cell
= 3,manufacturer-id = 0147086C65DE11030 }

IOProviderClass = IOPCIDevice

Physical Interconnect Location = Internal

Model Number = APPLE SSD AP0064K

IOProbeScore = 0
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Pa3Hble XRAM

N3MeHeHne XapaKTepucTuku \

XpaHeHne 31eKTPOHOB N3MeHeHne ConpoTUBNEHNS
NAND / DRAM
N3MeHeHne MarHUTHOM CMeHa arperaTHoro
nonapusauum (FERAM) “ [ cocrtosHus (PRM, PRAM)
N3MeHeHne HanpaBieHus - Co3naHune nposoasilen
MarHMTHOro MOMeHTa - HUTNM (ReRAM / CBRAM)
(MRAM / STTRAM)
N3MeHeHune
— WHTepdencHoro bapbepa
Dr Seshubabu Desu, 4DS Memory (NF ReRAM)
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Long Live Data™

Phase Change Memory (PCM, PRAM)

- I3MeHeHune arperaTtHoro cocTosiHus noa - Mcnonb3yeTcs cneumnanbHbii Knace
nencrememM TemMnepaTypsl BELLECTB - Xa/lbKOreHnaHble CTEKNa
(Ge,Sb,Te: (GST))
Top Electrode - Takxe ncnonb3syerca 8 CD/DVD-RW 3a

CYET U3MEHEHUNS OTpaXkatoL,en CNocobHOCTH

Crystalline GST

% - ConpoTmnBrieHne B aMOP(PHOM COCTOAHUM
/ 6onblle, 4eM B Kpuctasnyeckom 1:100 -
1:1000

Active Area

Resistor
(heater)

Bottom Electrode
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Long Live Data™

ReRAM / CBRAM

= I3MeHeHne xapakTepuctmnk amanektpmka (MeOx) 3a cyeT NoBbILWEHNSA HANPSXXEeHUS.
= DopMumpoBaHue nposoasiwen HMTm — ON/SET

= PaspylweHune nposoasiwen HMtnM — OFF/RESET

- *

A
O oo O,
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Long Live Data™

CepBep 2018-20

CPUs :...::...::...::...: CPUs :...::...::...::...:
prav  (NEEE|[NENE pram RN IEPCM-SSD
(16x3268)|l.l.|llll \ (51ZGB)/
[aEEE|jEnEE DRAM $8/GB
K II0OIO00T / PCM $4/GB
3D NAND $0.2/GB

= 512GB memory = 16 x 32GB DIMM = 512GB PCle card
= [MnTaHne Ha refresh namatun: 45W = [MuTaHne Ha refresh : O W
= MakcumanbHoe notpebnenne: 85 W/512GB = MakcumanbHoe notpebneHune:

25W/PCle slot
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Long Live Data™

Cepusa Ultrastar® SN100

TBepaoTenbHble HakonutTenn NVM Express™

becnpeueaeHTHOe yBe/IMUEHUE CKOpPOCcTU paboTbl utn_
npm III:)II:‘G: MM y P P Ultrastar® n EXPRESS.
= Jlinpep no nponsBoANTE/IBHOCTH SN1OO

PCle Solid-State Drive

— 740K 10Ps random read, 310K IOPs random r/w mix 70/30
— Tectbl SSD CERN:

= Pasnanunbie popm-paxropnbl
— HH-HL vam 2.5” SFF

= EmMkocTtb go 3.2Tb
— 800I'b, 1.6Th, 3.2Tb pna 2.5” SFF, 1.6Tb n 3.2Tb pgna PCle HH-
HL

- Bo3amo)xHOCTb NnepedopmaTpoBaTtbh Ha 60/bLIMKA
o6bem nam NponsBoAMUTE/IbHOCTD
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Long Live Data™

HGST Ultrastar™ SN200 Series
NVMe PCle SSD

560K

2"d Gen NVMe - 2x the Industry’s highest Industry’s highest Exceptional in mixed
capacity and 2x the capacity NVMe SSD performance in 4K workloads (4K 70/30)
AIC read performance in 2.5” and HH-HL Random Reads up to up to 560K 4KiB IOPS
(6.1GB/s vs 3.0GB/s) 1.2 million IOPS

vs. SN100

(T

Ultrastar™ SN200 Series NVMe PCle SSD
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Long Live Data™

Skyhawk™ - Essential PCIe SSD

« Initial product into entry level NVMe space (‘Essential’ NVMe)

- Higher performance than SATA provides upgrade path to better access
density

« 12W power profile eliminates cooling concerns of higher performance
devices

« Leveraged platform: Same hardware and FTL as the Orion/Odyssey
platform

« Built using SanDisk 15nm MLC NAND flash technology
- Better (lower) latency and optimized QoS compared to SATA SSDs

) EXPRESS. )

“"12W SATA replacement
PCIe SSD targeted

Form Factor & JEDEC Endurance User Capacities

Power (DW/D for 5 years) (GB) delivering > 2X
performance of SATA”
2.5 15mm 1.7/1.2 DW/D 1600/3200
(12W) 0.6/0.5 DW/D 1920/3840

Notes: Skyhawk™ DW/D is for 5 years per JESD219 specifications;
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CpaBHeHue NVMe (RI) nvim

®opM-haKkTop AIC, U.2 AIC, U.2 U.2
NHTepdenc PCle 3.0 x4 PCIe 3.0 x8, PCle 3.0 x4 PCle 3.0 x4
O6beM 956GB", 1.91T8, 3.8218 0000/ 19215, 38478, 4 9578, 3.847B
TexHonorna NAND A19 nm 15 nm 15 nm
DWPD (JESD219) 0.8 DWPD 1 DWPD 0.5 DWPD
Seq Read/Write (GB/s) 3.0/ 1.6 6.1/2.2 1.5/ 1.17
Rand Read/Write 4KB (IOPS) 743K / 38K 1.2M / 75K 250K / 47K
CKOpOCTb ; d/ g
Rand Read/Write/70-30 4KB
(10PS) 115K 270K 99K
MoTpebneHune 25W 25W 10W
HapexHoctb (UBER) 1 Ha 1077 1 Ha 1018 1 Ha 1017

1: tonbko ang U.2 SFF
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CpaBHeHne NVMe (MU)

dopM-akTop

NHTepdenc

Ob6bem

TexHonorna NAND
DWPD (JESD219)
Seq Read/Write (GB/s)
Rand Read/Write 4KB (IOPS)

Rand Read/Write/70-30 4KB
(IOPS)

MoTpebneHune

CKOpOCTb

HagexHocTtb (UBER)

1: tonbko ang U.2 SFF

Hcls]T

AIC, U.2

PCIe 3.0 x4

800GB', 1.6TB, 3.2TB

A19 nm

3 DWPD

3.0/ 1.6
743K / 140K

310K

25W
1 Ha 1017

AIC, U.2
PCIe 3.0 x8, PCIe 3.0 x4

800GB1, 1.6TB, 3.2TB,
6.4TB
15 nm
3 DWPD
6.1/2.2

1.2M / 200K
560K

25W
1 Ha 1018

: EXPRESS. )

U.2

PCIe 3.0 x4

1.6TB, 3.2TB

15 nm
1.2/1.7 DWPD
1.7/ 1.2
250K / 83K

150K

10W
1 Ha 101/
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Long Live Data™
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