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2 5| =/Introduction

SNIA Storage Networking Industry Association
Solid State Storage

RAM Flash Phase Change Memory
PCM
Solid State Drive SSD
2008
SSD
Hard Disk Drive HDD
SSD
2010
SSD
SSD " ”
SSD SSD
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2.1 1555 R0 ja)

HDD HDD
u HDD HDD
u HDD I0OPS
I0PS 1/0
1/0
u HDD I0PS
HDD
A Y
2. 2INENE
Flash
RAM PCM
2.2 182 Fn R
NOR NAND
NOR
NAND SSD
NAND
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2-1
2-1 1bit
. -
- .
. .
2.2 28 K% R
NAND SSD

“ ” “ NAND ”

>

1 Block = 128 Pages
(512K + 16K) Bytes

1 Page = (4K + 128)Bytes

1 Block = (4K + 128)B x 128 Pages

1,024K Pages = (512K + 16K) Bytes

(=8,192 Blocks) 1 Device = (4K+128)B x 128Pages x 8,192 Blocks
= 33,792 Mbits

A g
8 bit
4K Bytes 4 128 Bytes
y
i Page Register 72221/ % o7
4K Bytes 128 Bytes
2-2 NAND
u 2-2 block
KB MB

V1.0(2015 05- 14) ©
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U page
4KB 8KB

>

bit 1
] bit

Program/Erase P/E
u P/E P/E

] P/E P/E

>

0] bit

ECC Error Correcting Code
ECC

u ECC
bit ECC
24bit/1KB 1KB ECC
bit 32

U bit
UNC Uncorrectable

0 UNC RAID

>

u SLC MLC TLC

U 2-1 cell
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U SLC Single Level Cell NAND cell
bit 01
0 MLC  Multi Level Cell NAND cell
bit MLC cell
bit 00 01 10 11
U TLC Triple Level Cell NAND cell
bit 000 001 o010
011 100 101 110 111
u MLC eMLC Enterprise MLC MLC cMLC
Consumer MLC MLC
i eMLC cMLC
P/E
MLC eMLC cMLC
a MLC cMLC cMLC eMLC
u P/E
2-1
2-1
P/E
SLC 100,000
eMLC 10,000
cMLC 1,000~3,000
TLC 500~1,000
u SLC eMLC cMLC
TLC
2.3SSD 4§
SSD 2-3 SSD

V1.0(2015 05 14) © 10 , 36
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2-3 SSD
SSD
SSD HDD
HDD
CPU SSD
SSD
SSD
ASIC 6Gh/s SAS 2.0
SSD
SSD SSD
SSD HDD
I0OPS HDD
S \Y
2.3.11bht == |a) EL
2.1.2 P/E
P/E SSD
SSD
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1 ”

1 SSD LBA Logical Block Address PBA Physical Block
Address
2 SSD
PBA
3 SSD LBA PBA
4 SSD SSD
5 SSD
SSD
2328BTIR
SSD SSD
100GB  SSD
110GB
SSD
Dorado SSD SSD
28% 2-2 SSD
2-2 SSD
100 GB 128 GB 28%
200 GB 256 GB 28%
400 GB 512 GB 28%
2.3.31 3K E
SSD
SSD SSD
1 LBA 100 AA SSD 401
AA
2 LBA 100 BB
BB 623
V1.0(2015 05-14) © 12 36
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3 401
401

4 401

401

Garbage Collection

SSD

SSD

SSD
SSD 10
11

2.3 4B

P/E
P/E

Wear Leveling WL

SSD

>

AA 623 BB

SSD

SSD

2.5 10

P/E

P/E
P/E

V1.0(2015 05- 14) ©
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SSD
P/E
A
SSD
100GB SSD 99GB
1GB
99GB 99GB
1GB
99GB P/E
SSD
P/E
SSD
2.3 5 ETE
SSD
SSD
SSD 10
SSD
2.3.6SSD FH1p
SSD
SSD
2-3 SSD
SSD
V1.0( 2015 05 14) © 14 36
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100GB SLC 5PB 13PB
200GB SLC 10 PB 25.6PB
200GB eMLC 1PB 2.5PB
400GB eMLC 2PB 5PB
50GB
SSD
V1.0(2015 05-14) © 15 36
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3 R 75 %/Solution

HDD
SSD
HDD SSD
SSD  1/0 HDD 2
HDD SSD
Dorado

3.1Dorado R INZEREF

Dorado SSD

(S

< Dorado Series

X

3-1 Dorado
3-1 Dorado

Dorado Dorado
I0PS

V1.0(2015 05- 14) © 16 , 36
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3.1.1Dorado5100

Dorado5100

3-2 Dorado5100

EO

TTITIITIL]

3-3 Dorado5100

TN NSNS

TSNS

Dorado5100

3-4 Dorado5100
3-2
3-2 Dorado5100

4U
2U 24 25 SSD
SSD
Dorado5100 4

SSD

SLC 100GB 200GB
eMLC 200GB 400GB

SLC 2.4TB 19.2TB
eMLC 4.8TB 38.4TB

8Gb FC 10GbETH iSCSI

SPC-1 10PS™  600,052.49 @ 1.09ms

V1.0(2015 05- 14)
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3.1.2Dorado2100 G2

Dorado2100 G2  Dorado2100

3-5 Dorado2100 G2

3-7 Dorado2100 G2

Dorado2100 G2
24 25
Dorado2100 G2 3-3

3-3 Dorado2100 G2

2U 25 25 SSD
2U 25 25 SSD

SSD
Dorado2100 G2 3
S50 SLC 100GB 200GB
eMLC 200GB 400GB
SLC 2.5TB 20.0TB
V1.0(2015 05-14) © 18 36
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eMLC 5.0TB  40.0TB
8Gb FC 10GbETH iSCSI TOE 40Gb InfiniBand
SPC-1 10PS™  400587.11 @ 0.75ms
Thin provisioning VMware VAAI
TCO
3.2.1F%{% TCO
IOPS
3-4 H Dorado2100 G2
3-4 TCO
H | Dorado2100 G2
10K RPM 300GB 15K RPM 300GB
SAS HDD SAS HDD 400GB eMLC SSD
896 230 100
268,800GB 69,000GB 40,000GB
SPC-1 lIOPS™ 109,986.41 82,496.08 ~250,000
5ms ~7ms 2ms
$484,985.78 $361,416.00 ~$310,000
1.80 5.24 ~7.75
$/GB
$/SPC-1 441 4.38 ~1.24
Iops™
3 16U 8U
~13KW ~3.3KW ~1.5KW
$42,000 $5,600 $2,800
V1.0(2015 05 14) © 19 , 36
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$42,000 $5,600 $2,800
$42,000 $5,600 $2,800

TCO $610,985.78 $53,216.00 ~$318,400
3-4 H | SPC SPC-1
2013 SPC-1

SPC-1
http://www.storageperformance.org/results/benchmark_results_spcl

3-4 Dorado2100 G2 100 400GBeMLC 40TB

IOPS
Dorado2100 G2
TCO
TCO
=] =r
322BAFZFPIUSZZESN
10 wait
IT
A IT
A
V1.0(2015 05-14) © 20 36
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18.3% 20%
20 Dorado5100
IT
43.1

3. 3FAREHr

U

SSD SSD
i
U SSD HDD SSD
HDD SSD
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0.00 100,000.00 200,000.00 300,000.00 400,000.00 500,000.00 600,000.00

—@—Ram5an-630 —m— Dorado2100 —— Dorado5100 —@— Dorado2100 G2 V7000(ZH5sD)
3-8
3-9 SPC-1 10PS™ IOPS
I0PS 3-9
SPC
SPC-1 Storage Performance Council SPC
110 OLTP OLAP 1I/O SPC-1
SPC-1 10PS™
50K 50K 200K 200K
300K
3-9
u RamSan-630
U Dorado2100 Dorado5100 Dorado2100 G2
u SSD V7000

1 Dorado5100 Dorado2100 G2 RamSan-630

2 I0PS RamSan-630 Dorado
I0PS Dorado RamSan-630

3 V7000 SSD Dorado

4 Dorado

V1.0(2015 05- 14) © 2 ., 36
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Dorado
L Y
3.3.1SSD #3kaY|a) @
(KRBT SRV 1
/O3 L
IDPS:L__E
IOPS 1/0 1/0 I/ OFE
SASHDD 4KB I/0 5ms
SAS SSD 4KB I/0 0.2ms
3-2 HDD SSD
1/0
3-9HDD SSD
3-10 HDD IOPS  1/5ms =200 IOPS
3-10 SSD IOPS  1/0.2ms = 5000 IOPS

3-10 HDD SSD
3-11

V1.0(2015 05 14) © 23 , 36



e

HUAWEI

OceanStor Dorado

3-10HDD SSD
0.2ms
I0PS
3-11 HDD 10PS 1/(0.2ms + 5ms) = 192 IOPS
3-11 SSD 10PS 1/(0.2ms + 0.2ms) = 2500 IOPS
HDD
I0PS
I0PS SSD
SSD
SSD SSD
HDD SSD
SSD
FEALEN SMIGFEN SHEaEER
HDD SSD 1/0 3-5
3-5HDD SSD
4KB 512KB

V1.0(2015 05- 14) © 24 |, 36
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I0OPS MB/s I0PS MB/s
HDD 200 0.8 400 200
20,000 80 500 250
SSD
60,000 240 600 300
3-5 HDD
200
CACHE
HDD
SSD 4
2
HDD CACHE 110
4 gEFR I
HDD HDD
I0PS
HDD
3-1 SSD  IOPS
24 I0PS
CPU
BB RS
P/E
P/E
SSD P/E P/E
SSD
Dorado P/E
.
3.3 2R
Dorado
V1.0(2015 05-14) © 25 36
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. SSD  HDD SSD HDD
HDD
. SSD  HDD SSD
044%  HDD 0.6% SSD HDD
SSD HDD
SSD

3ATEM. Fp. Mk

SSD

34174
CIE 3240

MTBF  FIT AFR

MTBF Mean Time Between Failure

MTBF
FIT Failure In Time 10
1000 1
1000 FIT

FIT FIT

AFR Annual Failure Rate
AFR

MTBF FIT AFR
MTBF = 10°/ FIT
FIT=(10° x AFR)/ (365 x 24)

V1.0(2015 05 14) © 26 , 36
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MTTR

MTTR Mean Time To Repair

MTTR
A
A=MTBF/(MTBF + MTTR)
MTBF MTTR
et 1 X 2 X LI I}
99.999%
5
SSDI#4
SSD HDD SSD
HDD SSD
SSD HDD
SSD SSD
EHTEY
Dorado

V1.0(2015 05- 14) © 27
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3-11 Dorado5100

3-12 Dorado5100

U 1—
u 2——
u 3——BBU 4x BBU
U 4—— 3 16
u 5—— 4x
U 6—— FC

SAS
RN

RAID
Dorado SSD
SSD SSD
U
U SSD
RAID SSD
SSD Dorado SSD
SSD
Dorado SSD
U SSD RAID
U SSD SSD
U SSD
RAID SSD
U SSD
Dorado SSD SSD
V1.0(2015 05-14) © 28 36
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SSD 0.44% SSD
Dorado Dorado SSD 0.29%
65%
ATRAEHE
Dorado 3-6 Dorado
3-6 Dorado
FITs | MTBF MTTR %
2,500 400,000 0.5 99.99988
150 6,666,666.7 4 99.99994
1,000 1,000,000 0.1 99.99999
1,000 1,000,000 0.1 99.99999
BBU 1,000 1,000,000 0.1 99.99999
400 2,500,000 0.2 99.99999
150 6,666,666.7 4 99.99994
1,000 1,000,000 0.1 99.99999
1,000 1,000,000 0.1 99.99999
SSD 331 3,021,148 1 99. 99997
Dorado RAID
Dorado = X x RAID
1+1 1+1
A
Al=1- 1- 1- =99.99999%
A2 =99.99994%
A3=1- 1- 1- =99.99999%
Ad=1- 1- 1- =99.99999%
BBU A5=1- 1-BBU 1-BBU =09.99999%
=Alx A2x A3x Adx A5 =99.99990%
V1.0(2015 05-14) © 29 36
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A
Al=1- 1- x 1- =
99.99999%
A2 =99.99994%
A3=1- 1- x 1- =99.99999%
Ad=1- 1- x 1- =99.99999%
=Alx A2x A3x A4 =99.99991%
A RAID
5+1 RAID-5 C(6,2)
RAID =1- 1- x 1- x C(6,2)=
99.99999%
A Dorado
Dorado5100 1 4 96 SSD 16
RAID
Dorado5100
= x *x RAID 16
=99.99970%
5 9
P 4% AT S 4
A
Dorado
5-1 Dorado 4
30 , 36
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3-12

Dorado UltraPath
UltraPath

UltraPath 1 2
failover
3 failback
1/0 4
110
1/0

UltraPath Linux AIX  Windows Hyper-V  XEN

Dorado LUN
LUN

Dorado

V1.0(2015 05- 14) © 31, 36
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! 3
~ wel Tape

_ BEEERdH

. j
\"""“ :::q VTLE000 5;500;',‘ 57 N ;:;:01 VTLE00O Ubrary /
ackup data level DR
Another da‘ltacenter
3-13
3.4.2%54y
2.2.6 SSD 2-3 SSD
SSD JEDEC Joint Electron Devices
Engineering Council
JEDEC
JEDEC
JEDEC JES D218 JES D219A SSD
SSD

SSD Dorado
i

SSD

3.4.31%8E
Dorado SPC-1 3-12

Dorado

SPC-1
V1.0(2015 05-14) © 32 36
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0.00 100,000.00  200,000.00  200,000.00  400,000.00 500,000.00 600,000.00
—8—Dorado2100  ——Dorado5100 ==<==Dorad02100 G2 ==t=="Y7000{ZF255D)
e HUS 150 b DCS 3700 it DSB8 70
3-14 SPC-1
3-15 SPC I0PS ms
I0PS
1. 10PS
I0PS
2. SSD I0PS

3. Dorado5100 Dorado2100 G2 IOPS

1 2
3-15 IOPS Dorado
U CACHE 3.1.1 SSD HDD
HDD CACHE SSD Dorado
CPU CACHE
CPU
IOPS
i
CPU I0PS
U cache
SSD SSD 110
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Dorado
IOPS
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LUN Logical Unit Number
RAID Redundant Arrays of Independent Disks
SCsSI Small Computer System Interface
SAS Serial Attached SCSI ScCsI
RAM Random Access Memory
PCM Phase Change Memory
SSD Solid State Drive
HDD Hard Disk Drive
MTBF Mean Time Between Failure
FIT Failure In Time
AFR Annual Failure Rate
MTTR Mean Time To Repair
OLTP On-Line Transaction Processing
OLAP On-Line Analytical Processing
CAPEX CAPital EXpenditure
OPEX OPerating EXpense
TCO Total Cost of Ownership
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